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PREFACE

Since 1969 various in te r re la tio n s  o f th e  m a te ria l an d  e n e rg y  flow s o f the  
p la n e t E a r th  h av e  been sy s te m a tic a lly  s tu d ie d  a t  th e  D e p a r tm e n t o f  E a rth  
an d  M ining Sciences o f th e  H u n g a ria n  A cadem y  o f Sciences. T h ro u g h o u t 
th e se  processes a k in d  o f rh y th m ic ity  o r cy c lic ity  could he reco g n ized .

A u n iv e rsa l cyc lic ity  re la t io n  con tro llin g  genera lly  th e  m a te r ia l  and 
energy  flow s on th e  E a r th  a n d  in  th e  U n iverse  w as d isco v ered  b y  th e  au th o r 
(1973) an d  h as  been d iscussed  since 1974 b y  a co n tin u o u sly  in c re a s in g  in te r­
d isc ip lin a ry  te a m  o f p h y sic is ts , a s tro n o m ers , geoscien tists, b io lo g is ts , philos­
ophers, ed u ca tio n a lis ts , e tc . T h e  m ain  discussions to o k  p lace  a t  th e  5 th  and 
6 th  S ym posia  on th e  E a r th ’s M ateria l an d  E n erg y  Flow s (B u d a p e s t, 1975 
an d  1978) an d  a t  sessions o f  th e  C om m ission on G eonom y o f  th e  H u n g a rian  
A cadem y  o f Sciences since 1976.

T he re su lts  o f these  in v e s tig a tio n s  on  th e  un iversa l c y c lic ity  re la tio n  — 
found  m ain ly  b y  H u n g a rian  sc ie n tis ts  — are  sum m arized  in  th is  v o lum e. The 
w ide ran g e  o f  th e  top ics o r ig in a tin g  in  essence from  geosciences show s a new 
asp ec t o f  th e se  sciences to  o th e r  d iscip lines.

A ccord ing ly , th is  su rv e y  o n  th e  u n iv e rsa l cyclic ity  r e la tio n  ap p ears  in  
th e  geological period ica l o f  th e  H u n g a ria n  A cadem y o f Sciences.

E . Sz á d e c z k y -K ardoss

1* Acta Geologica Acadcmiae Scientiarum H ungaricae 23, 1980
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1. Phenom ena o f the U n iverse  are repeated m ostly rhythm ically  or cyclically  
T he rhythm ic and cyclic m otion can be uniform ly quantified by m eans o f  velocity  
values. Based on these velocity  va lues four forms o f motion can be distinguished. 
T hey appear as linear strips in th e  logarithm ic space-tim e diagram. T he know n durable 
inorganic processes o f  the Universe are concentrated  in these stripe (F ig. 1, p. 7.)

2. The separation of the four form s o f m otion is determ ined by th e  dispersity o f 
th e  medium o f m otion. Strip A  includes the electrom agnetic oscilla tions proceeding 
in the dispersion-free medium. In th e  strip  В  the oscillations, rotations and  revolutions 
o f  the so-called m echanical m atter  proceeding in sim ple disperse m ed ium  appear. 
Strip C contains the basic processes o f  the near-surface geological, pic-depending  
chem ical and biological m otions o f  the sim ple disperse system s containing other  particles 
(dispersion in dispersion). (Fig. 4, p. 26) Strip D involves the nuclear processes in the 
non-disperse m edium  of the elem entary particles

V elocity differences c f  few  orders o f  m agnitude within each strip  are also due 
to  differences in dispersity. These are determ ined, how ever, by physical conditions and 
do not affect th e  ty p e  o f dispersion.

3. The four forms o f m otion characterized b y  velocities express in  qu antitative  
form  the dialectic  principle o f th e  an tagon istic  m otions (“ motion in co n tra st” ). Analys­
ing in tim e antagonistic  m otions represent rhythm s and cycles. The continuou s repeti­
tion  of the rhythm s and cycles generates th e  m ain lasting phenomena.

4. The q u antitative  transform ations, i.e. chem ical and nuclear reactions and 
th e  reaction series o f  the biological and social transform ations generate th e  relatively  
quick transform ations o f the cycles into one another. They are m ostly characterized by 
definite space or tim e param eters, form ing bridges between the four v e lo c ity  strips. 
Narrow bridges nearly parallel to th e  tim e axis are formed by the chem ical and nuclear 
reactions, while wider bridges bordered b y  lines parallel to the space ax is are form ed by 
th e  biological and social processes betw een  th e  strips В  and C. (Fig. 1, p. 7.)

5. The m ain difficulty o f  th e  w ide ranging correlation o f different knowledges 
— i.e. the application o f different term s and param eter-system s — m ay  be elim inated  
b y  the cycle discipline. It applies a uniform  bilogarithm ic space-tim e representation  
extending from the space and tim e quanta 1 0 ~ 13 cm  and 10_S3 sec up to  th e  Hubble 
space o f 1028 cm  and Hubble tim e o f  l 0 18 sec. Space quanta represent th e  sm allest individ­
ually  oscillating part o f the space. T he quotient o f the space and tim e  qu anta  is the  
ligh t velocity.

A cta  Geologica Academiae Scienliarum, H ungaricae 23, 1980



6 SZÄDECZKY-KARDOSS. E.

6. In terac tions betw een  th e  four forms of m otion  is maxim um  in case of th e  
sim ilar param eters of th e ir  cycle resp. rhy thm s (“ principle of com m ensurability” ). 
I t  exists a) tim e resonance according to  th e  sim ilar frequencies; b) space resonances 
generated  by th e  sim ilarity  o f th e  space dimensions, e.g. w avelength and body d iam eter; 
c) resonance betw een th e  d ifferen t hierarchic levels o f organic, inorganic and  artificial 
system s w ithin th e  strip s o f m otion (“ hierarchic resonance” ); d) resonance betw een th e  
velocities of th e  four strip s; e) resonances of th e  partic les and the cosmic objects w ith  
space param eters differing b y  5 to  6 order of m agn itude  (“ universal resonance” ).

Thus the U niverse represen ts a  unique re so n a tin g  system .
7. The p a rticu la r behav iour of the heat energy  (second law of therm odynam ics) 

is due to  a coupled tim e- and  space resonance betw een  strips A  and B. H eat energy 
generated  by the  oscillation o f the  atoms and m olecules a t  about 10-8 cm (1 Â) in  s trip  
A  is in  space resonance w ith  th e  lower end of s trip  B , w hich react by tim e resonance 
upon th e  infrared portion  of s trip  A  appearing in  fo rm  of heat. In  this way a p a rt of th e  
electrom agnetic energy increasing w ith the tem p e ra tu re  will be irreversibly consum ed. 
This p a rt of the therm al energy is the bound energy w hich cannot be converted in  work.

The thesis o f com m ensurab ility  is m anifested also by  a lot of o ther phenom ena. 
The com ponents of 6600 and  6400 Â of daylight a re  com m ensurable w ith the dim ensions 
o f th e  chloroplast g rana  o f p lan ts containing ch lorophyl and thus these optimize the  
m echanism  of photosynthesis. M atters em itting rad ia tio n  comm ensurable w ith the space 
and  tim e dim ensions of th e  organella of m ythotic  cell division, highly d istu rb  th e  celt 
division, i.e. these are cancer-generating. R esearches o f pharm acological application  of 
th is com m ensurability  are in  progress.

8. Cycle processes are conspicuous m ainly in  gas or liquid sta te  b u t operate also 
in  solid s ta te  (therm al oscillation, oscillation and  ro ta tio n  o f the molecule). Thus, th e  
cycle and rh y th m  processes are universal forms of m otion , though especially in case of 
superhum an dim ensions these rem ain hidden due to  th e  m ultiplied hierarchic super­
positions. O bjects are processes, too.

9. In  the space-tim e diagram  including 41 space and  tim e orders of m agnitude 
from th e  space and  tim e q u an ta  up to  the H ubble-dim ensions theoretically each object 
can  be p lo tted  as a p ro jec tion  point of its space dim ension and average life-tim e. This 
brings new aspects concerning the  quantita tive re la tions of phenomena.

10. Joining th e  prolonged water-clay-life system  (s trip  C) evolved near th e  E a r th ’s 
surface the cycle view  ex tends over the biological and  social systems, as well. The assign­
m en t of consciousness and  social processes to the velocity  system  of the universal m otion 
processes provides new  perspectives for the q u a n ti ta t iv e  drawing of relationships be­
tw een the natu ral and social sciences (see the paper en titled  Cycle Param eters and  System  
Theory, in th is volum e).

1. T h e  M ain  Types o f M o tio n

C o rre la tin g  th e  sp ace : tim e  d a ta  of th e  d if fe re n t anorganic  rhythms a n d  
cycles a su rp ris in g  re g u la r i ty  h a s  been  d isco v ered .1 I n  sp ite  o f th e  e x tra o rd in a ry  
v a r ia b il i ty  o f th ese  m o tio n s , th e ir  d is tr ib u tio n  in  sp ace  and  tim e  is n o t a t  r a n ­
d om . O n th e  c o n tra ry , th e y  a p p e a r  m ain ly  in  fo u r  d isc re te  groups sh a rp ly  se p a ­
ra te d  fro m  each  o th e r :

1. e lec tro m ag n e tic  o sc illa tio n  (strip  A  in  F ig . 1),
2. o sc illa tions a n d  cyclic  m ovem ents o f  th e  so-called  m echanical m a tte r  

( s tr ip  B ),
3. p ic -d ep en d in g  ch em ica l, geological a n d  th e  m ain  biological cycles a t  

E a r th ’s n ea r-su rface  (s tr ip  C) and
4. ro ta tio n s  o f  th e  p a r t ic le s  (strip  D).

1 O scillatory and w ave-like m otions are denoted in  th e  cycle-concept as rhythms. Periodic 
o r quasi-periodic ro tations, recurrences and revolutions are  called  cycles, independently of th e ir 
form s and  of their continuous or regularly  in terrupted  n a tu re .

Acta Geologica Academiae Scientiarum  Hungaricae 23. 1980
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— ► sec

Fig. 1
The four perm anent forms of m otions and bridges o f  the transient m ovem ents

E ach  g roup  jo in s  a p p a re n tly  v e ry  d iffe re n t phenom ena, w hich  a re , how ­
ever, u n ified  b y  a  defined  space : t im e  re la tio n , i.e . b y  an  „eigen-speed"2 and  
d e te rm in e d  b y  th e  fou r m ain ty p e s  o f  m a tte r -d is tr ib u tio n .

T he e lec tro m ag n etic  w aves (s tr ip  A )  a re  cha rac terized  b y  th e  well- 
kn o w n  ra te  of ro u g h ly  300 000 km /sec . S tr ip  A  rep re sen ts  m otions in d e p e n d e n t 
o f  a t tr a c t iv e  forces.

S trip  В  u n ifie s  th e  su p erso u n d , so u n d , in fra -so u n d , an d  se ism ic  w aves 
on th e  one h a n d , a n d  th e  rev o lu tio n  an d  th e  u n im p ed ed  ro ta tio n s  o f  ce lestia l 
bod ies, on  th e  o th e r . All these m o tio n s  a re  jo in e d  b y  th e ir  ve locities o f  a b o u t 
0.01 km /sec to  1 k m /sec  on th e  av e rag e . T h e y  re p re se n t th e  m o tio n  c o n tro l­
led  b y  g ra v ita tio n  an d  in flu en ced  a t  sh o rt d is tan ces  b y  chem ical b o n d in g  
forces, to o . S trip  В  dev iates a t  i ts  b o th  en d s to w ard s s tr ip  A .  T h e  a v e r­
age d ispersities o f  th e  galactic  sy stem s a re  ex trem ely  low, [P a á l  7, I] 
th u s  th e ir  ve locities are  g rea te r th a n  th e  n o rm  o f B -strip .

M otions su ch  as th e  p ro p a g a tio n  o f  so u n d  0.33 km /s in  a ir, 1.4  k m /s  in  
w a te r , 3.2 an d  5.8 k m /s in  steel fo r tra n s v e rs a l ,  resp . lo n g itu d in a l w av es a n d  of 
seism ic w aves (a b o u t 4 —13 km /s) as w ell as average  air-, m arine  a n d  riv e r-

2 Eigen-speed o f  the cycle m otion m eans its peripheral velocity v =  2 r/t being  roughly  
constan t for a given strip , whereas angular v e lo c ity  to =  v/r decreases w ith the space and  tim e  
param eter w ithin the strip.

Acta Geolqgica Academiae Scientiarum Hungaricae 23, 1980
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ey e tem  c u r re n t o r  flow s (o f ab o u t 0.1 — 0.004  k m /s , 0.001 km /s an d  1 km /s 
v e lo c itie s  resp .) an d  ev en  th e  4 —5 km /s o rb it  v e lo c ity  o f th e  p lan e ts  b e lo n g  to  
s tr ip  B .

S tr ip  C c o n ta in in g  th e  geological an d  th e  p ic -depend ing  chem ica l a n d  
b io ch em ica l processes is c h a ra c te riz e d  b y  th e  eigen-speed  o f a b o u t 10~10 to  
10~14 km /sec , i.e. o f  10~5 to  10“ # cm / sec. T h e  m a in  geological ph en o m en a , su ch  
as th e  fo rm a tio n  a n d  d eco m position  o f c lay  m in e ra ls , th e  geom orphological 
cycle , th e  d e n u d a tio n  an d  sed im en ta tio n , th e  d r i f t  connected  w ith  p la te  
te c to n ic s  inc lu d in g  g éosync lina l, orogenic a n d  ro c k  form ing  processes as w ell 
as th e  basic  b iochem ical processes d e te rm in ed  b y  th e  m ain  life tim e-bodysize  
re la tio n s  o f  th e  liv in g  sy s te m s3 belong to  th is  s tr ip  (see G a n t i  in  th is  vo lu m e).

S tr ip  C re p re se n ts  th e  m o tio n  o f sy s tem s g e n e ra te d  p a r tly  b y  d iffu sio n , 
p a r t ly  b y  d iffe ren t k in d s  o f  p lastic  d e fo rm a tio n , e.g . as d rift o f c o n tin e n ta l  
a n d  o cean ic  p la te s . T h ese  m o tions are  ru led  b y  th e  van  d e r  W aals an d  h y d ro ­
gen  b o n d in g  forces a n d  b y  som e special cases o f  th e  norm al v a len cy  b o n d s. 
T h e  ju n c tio n  o f th e se  d iffe re n t phenom ena is d u e  to  th e  com m on “ th re e -p h a se  
d isp e rs io n ”  o f th e  sy s tem s  described  in  th e  n e x t  c h a p te r .

S tr ip  D  c o n ta in s  th e  n u c lea r p h en o m en a  c h a rac te rized  b y  a n e a r ly  zero 
t r a n s la t iv e  e igen-speed , acco rd ing  to  th e  m in im u m  space d im ensions b u t  by  
l ig h t  v e lo c ity  o f  ro ta t io n . S tr ip  D  rep re sen ts  th e  m arg inal case o f  m o tio n s 
c o n tro lle d  b y  n u c le a r  fo rces, a t tr ib u te d  to  th e  sym m etric  h igh  v e lo c ity  
ro ta t io n  o f  th e  space  q u a n ta  (see th e  n e x t p a p e r) .

T h e  four m o tio n  ty p e s  rep re sen t a c o h e re n t series in  w hich th e  m o tio n  
o f  th e  s tr ip  D is ad d e d  to  t h a t  o f th e  s tr ip  В  a n d  s tr ip  C.

T h e  ap p ea ran ce  o f  m o tions in  four m a in  v e lo c ity  ty p es is ca lled  “ u n iv e r ­
sa l c y c lic ty  re la tio n ” . I t  describes all th e  k n o w n  du rab le  m ain  ty p e s  o f  m o­
tio n s  e x c e p t th e  d i la ta t io n  o f  th e  U niverse .

T h e  re la tiv e ly  q u ic k  tra n s fo rm a tio n s  in to  new  cycles o ften  d u e  to  
ex p lo s io n  like co llisions a re  ch a rac te rized  m o s tly  b y  slow s ta r tin g  stages befo re  
th e  n ew  cycle m o stio n .

T h e  p ic tu re  o f  th e  u n iv e rsa l m otion  s y s te m  in  th e  b ilo g arith m ic  re p re ­
s e n ta t io n  (F ig . 1) is su rp ris in g ly  sim ple (in  c o n tr a s t  to  those re p re se n te d  b y  
n o n -lo g a rith m ic , e .g . a r i th m e tic  scales). T h u s , th e  cyclic ity  re la tio n  rev ea ls  
th e  lo g a rith m ic  a p p e a ra n ce  o f  th e  s tru c tu re  o f  th e  U niverse in  th e  m in d .

T h e  m ean  v e lo c ity  v a lu e  o f  p o in t D: v D 10 cm /s,
T h e  m ean  v e lo c ity  v a lu e  o f  s tr ip  C : v c 10~ 7 cm /s,

*T he velocity of th e  perm anent motion of zoological individuals belongs to  the 
biological bridge (chapter 3 ). T heir own velocity re la tive  to  th e  E arth  surface is m ostly  n ear 
to  th e  low er lim it of s trip  В  (m an about 0.001 km/s, b ird s ab o u t 0.01 km/s), b u t depends on the ir 
own m easure, too. “ Own m easure velocities” are determ ined  by the distances travelled  in  the 
m easure of the average d iam eter o f the objects. For th is  descrip tion  all phenom ena and processes 
need a special space-scale. The resu lt is a one-dim ensional velocity  value. In  th is pap er the 
p roblem  of the “ own m easure velocities”  will no t be d ea lt w ith.

A d a  Gemlogica Academiae Scientiarum  H ungáriáit 23, 1980
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T h e  m ean  v e lo c ity  value o f  s tr ip  В : v B 105 cm/s,
T h e  m ean  v e lo c ity  value o f  s tr ip  A :  v A 3 • 1010 cm/s, 

i.e . th e  l ig h t velocity .

T h e  v e lo c ity  d ifference be tw een  s tr ip  A  a n d  th e  p ro to n  p ro je c tio n -p o in t 
o f  s tr ip  D , i.e. b e tw een  th e  m o tion  in  th e  v a c u u m  and  o f th e  p u re  m ech an ica l 
m a tte r  is o f  10 ~39— 1040 order. T h is v a lu e  ch a rac te rizes  th e  en e rg y  d ifference 
b e tw een  e lec tro m ag n etic  oscillations o f  s tr ip  A  an d  th e  g ra v ita tio n  d u e  m ain ly  
b y  th e  p ro to n  s tr ip  D. B y  m eans o f  en e rg y  c o m p u ta tio n  D irac  (1978) fo u n d  th e  
sam e en erg y  d ifference. (C oncerning th e  cosm ologie re la tions o f  th is  d ifference  
see th e  n e x t second p a p e r  o f th is  vo lu m e).

T h e  s tr ip s  re p re se n t th e  p eak s  o f  th e  GAUSS-like freq u en cy  d is tr ib u tio n  
o f  n a tu ra l  velocities.

T h e  freq u en cy  re la tio n s o f th e  m o tio n s  described  by  th e  fo u r  s tr ip s  m ay 
be show n on ly  in  a lo g arith m ic  scale . I f  th e  freq u en cy  volum e o f  th e  p h en o m ­
ena  o f  th e  b io logical b ridge  (see below ) w o u ld  be delineated  a r ith m e tic a lly  
b y  a h e ig h t say  o f  2 m m , th e  freq u en cy  m a x im u m  of s tr ip  C w o u ld  b e  10 m  
h igh  a n d  th a t  o f  th e  s tr ip  В  g re a te r  th a n  th e  ga lac tic  d iam eter.

A t th e  b o rd e r o f  tw o  m ed ia  b e lo n g in g  to  d iffe ren t s tr ip s  (d iffe ren t 
d isp e rs ity  ty p e s)  in te rm e d ia te  cycle  v e lo c itie s  ap p ear. A n e x a m p le  is th e  
perio d ic  te m p e ra tu re  changes a t  th e  su rfa c e  o f  th e  ocean w a te r , a s  ocean 
belongs to  s tr ip  C a n d  th e  a tm o sp h e re  — d e te rm in in g  th e  te m p e ra tu re  o f 
th e  ocean  w a te r  — to  s tr ip  B. S u ch  m a rg in a l cases a re  o b v io u sly  ra re .  F o r 
th is  ex am p le  I  am  in d e p te d  to  P ro fesso r B . B e l l  and  P rofessor Z . D o b o si.

S tr ip s  В  an d  C inc lude  a lm o st th e  to ta l i ty  o f th e  in d e p e n d e n t n a tu ra l  
an d  a r tif ic a l “solid objects” , too , e.g . m a n y  p a r ts  o f th e  p lanets  a n d  sa te llite s , 
i.e. ro ck  m asses, m in era ls , as well as a r tif ic a l  o b jec ts  such as b u ild in g s , in s tru ­
m en ts , fu rn itu re s . Solid ob jects a re  fo rm ed  b y  th e  freezing in  o f  th e  cycle 
m o tion  b y  chem ical forces in  a re s tr ic te d  h ie ra rch ic  level. E x c e p t th is  level 
solid o b jec ts  p a r tic ip a te  also in  th e  cyclic  m o tio n  system s. T hey  m o v e  to g e th e r  
w ith  th e  h ig h er sy s tem  to  w hich th e y  b e lo n g  a n d  include low er cyclic  m o tio n  
sy stem s, b y  w hich  th e y  are  b u ilt  u p . S olid  o b jec ts  can  be q u a n ti ta t iv e ly  
ch a rac te rized  b y  sp ace -tim e  p a ra m e te rs , i.e . b y  th e ir  m ain  d iam ete rs  a n d  av e r­
age life tim es, to o , a n d  in  th is  w ay , th e y  m a y  b e  p ro jec ted  also in  th e  g enera l 
space-tim e  sy stem  o f  m otions (F ig . 1 in  th e  p a p e r: “ Cycle p a ra m e te rs  and  
S ystem  T h e o ry ”  in  th is  volum e). T hese  p ro je c tio n  po in ts f i t  m o s tly  in to  th e  
s tr ip s  В  от C as so lid  o b jec ts  com e in to  b e in g  b y  th e  p rep o n d e ran ce  o f  th e  
s tre n g th s  m ain ly  b y  chem ical bonds a n d  g ra v ita t io n  belonging to  th e  cyclic 
processes o f  s tr ip s  В  a n d  C or b y  h u m a n  a c t iv i ty .  The liq u id a tio n  o f  th e  solid 
ob jec ts  is also due  to  th e  cyclic processes o f  s tr ip s  В  and  C. Thus, th e i r  co n n ec­
tio n  w ith  th e se  s tr ip s  is a genetic one.

A cta  Ceologica Academiac ScicnHarum H ungarian  23, 1980
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2. M o tion  and  D ispersity . Som e G eneral P e c u la ritie s  o f  the  Cycles

T h e  se p a ra tio n  o f th e  fo u r  ty p es  o f m o tio n  is d u e  to  four d iffe ren t k in d s  
o f  d is p e rs i ty . D isp ersity  is a  fu n d a m e n ta l p a r t ic u la r i ty  o f th e  m a tte r .  I t  
d e te rm in e s  a lm o st all o th e r  p ecu la ritie s .

T h e re  are  four m a in  ty p e s  o f m a tte r  d iffe rin g  in  d ispersity : th e  tw o  
e x tre m e  k in d s  of th e  n o n -d isp e rse  one-phase sy s te m s  (i.e. th e  p u re  v a c u u m  
a n d  t h e  p u re  dense m a tte r , o f  th e  e lem en ta ry  p a r tic le s )  and  th e  tw o  d isp e rse  
k in d s  o f  m a t te r  i.e. th e  tw o -p h a se  system s a n d  th e  com plex m ore-phase  s y s ­
te m s . T h e  m otions of th e se  fo u r  k inds o f m a t te r  a re  rep resen ted  b y  th e  v e lo c i­
tie s  d e sc r ib e d  b y  s tr ip s  A , B , C and  D in  th e  u n iv e rsa l b ilogarithm ic  sp ace - 
tim e  s y s te m .

S tr ip  A  rep resen ts  th e  m o tio n  o f th e  quasi-hom ogeneous “ v a c u u m ”  i.e . 
o f  th e  non-disperse one-phase fie ld .

S tr ip  В  u n ites th e  m o tio n  o f  th e  simple two-phase disperse systems c o n ­
s is tin g  o f  p a rtic le s  an d  o f  in tra a to m ic  an d  in tra m o le c u la r  vacuum .

S tr ip  C rep resen ts th e  m o tio n  o f th e  three or more phase complex disperse 
(heterodisperse )  systems, i.e . o f  d isperse  system s in  s im p le  dispersions e.g. f lu id  a n d  
so lid  so lu tio n s , colloid an d  co arse  d ispersed su sp en sio n s and em ulsion fo rm ed  
in  la rg e  m ass  b y  th e  a c c u m u la tio n  of th e  liq u id  w a te r  excep tionally  a c c u m u la te d  
a t  E a r t h ’s (near) surface. M otions called p la s tic  d e fo rm atio n  are also p rocesses 
w ith in  s t r ip  C rep resen tin g  th re e -p h a se  d isp erse  system s.

S tr ip  D  rep resen ts th e  m o tio n s o f th e  non-disperse one-phase dense matter 
sistem s  co n c e n tra ted  in  th e  n u c le i, and  in  o th e r  e lem en ta ry  partic les.

T h u s , th e  d iffe ren t m e d ia  or k inds o f m a t te r  rep resen t alw ays a  d e te r ­
m in ed  g ra d e  o f d isp e rs ity  c h a rac te rized  b y  a  m a in  velocity  (m o b ility ) v o f 
th e  s y s te m  depend ing  on  th e  “ v isco s ity ”  (rj) in  a  la rg e r  sense o f th e  m ed iu m :

v =  D /kT

(D  d if fu s io n  co n s tan t, T  te m p e ra tu re ) .
I n  f i r s t  a p p ro x im a tio n  i t  m ay  be a d m itte d  t h a t  in  th e  sim ple tw o -p h a se  

d isp e rse  sy stem s of s tr ip  В  ro u g h ly  th e  (ex te n d e d ) E in s t e in  re la tio n  ?yreI B =  
=  1 +  k B<pB is va lid  (cp th e  vo lum e of th e  d isp e rse  phase in  th e  v o lu m e -u n it 
o f  th e  sy s te m , k B th e  m a te r ia l  c o n s tan t d e p e n d in g  on the  in te n s ity  o f  th e  
in te r a c t io n  betw een  d isperse  p h ase  and  d isp e rg in g  m edium ). T hen  th e  th re e -  
p h a se  sy s te m s  of s tr ip  C m a y  b e  described  in  f i r s t  ap p ro x im atio n  b y  th e  r e la tio n  
fjc =  1 +  k B<pB -(- kc cpc . T h e  c o n s ta n t kc d e p e n d s  on th e  in te ra c tio n  o f  th e  
seco n d  d isperse  phase from  th e  sim ple d isperse  m ed iu m , e.g. from  th e  “ lio p h il 
o r l io p h o b ”  n a tu re  o f p a r tic le s  in  th e  colloid sy s tem s  according to  th e  O s t - 
WALD — B tjzagh c o n tin u ity  th e o ry . T hus, th e  v e lo c ity  of m otion  m ay  b e  m o d i­
f ie d  b y  d iffe ren t “ stab iliz ing .”  m ateria ls  s im ila r ly  to  those used in  collo id- 
c h e m is try .

A cta  Geologica Academiae Scientiarum Hungaricae 23, 1980
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T he d ifferences in  v e lo c ity  w ith in  each  s tr ip  i.e. th e  w idening  o f  v e lo c ity  
lines to  s tr ip s  can  be also re la te d  to  th e  d iffe ren ces in  d isp c rs ity , i.e . to  th e  
changes o f  d is tr ib u tio n  o f  p a rtic le s  in  v a c u u m :

th e  (op tica l) d e n s ity  chang ing  th e  l ig h t v e lo c ity  w ith in  s tr ip  A ;
th e  p ressu re , te m p e ra tu re  an d  s ta te  o f  th e  pa rtic le s  and  d isp e rg in g  m edia 

w ith in  th e  s tr ip  В ;
th e  s ta te , p ressu re , te m p e ra tu re , as w ell as th e  co n cen tra tio n  o f  p a rtic le s  

in  th e  d isperg ing  m edia  w ith in  s tr ip  C;5
All th e se  fac to rs  a re  in  close re la tio n sh ip  w ith in  d isp ers ity  “ sensu  la to ” . 

T he k in d  o f  d isp e rs ity  in fluences even  th e  m o rp h o lo g y  of th e  m o v in g  d isperse  
m a tte r . T he space  q u a n ta  o f  s tr ip  A  are  d e fo rm a b le  ; th e  d isperse e lem en ts  o f  s tr ip  
В  are  m ain ly  th re e  d im ensional, i.e. quasi-isod im ensiona l. T he second  d isperse  
phase  o f th e  com plex  th ree -p h ase  d im ension  o f  s tr ip  C are p a r t ly  an iso m etric  
sensitive  tw o- an d  u n id im ensiona l e lem en ts, e.g . c lay  m inerals and  sp ira l b io log­
ical m acrom olecules, m a in ly  jo in ed  b y  w eak  h id rogen-bonds a n d  s tab ilized  
o n ly  u n d e r th e  slow m o tio n  system s o f s tr ip  C.

T he q u e s tio n  m ay  be ra ised  w h e th e r c o n tin u o u s  tran s itio n s  in  d isp e rs ity  
a re  ex isting  in  th e  U niverse  betw een  s tr ip s  A  a n d  B. Such system s m a y  realize  
som e in te rm e d ia te  (in te rzona l) ve lo c ity  re a lm s  betw een  s tr ip s  A  a n d  B. 
Magnetosphere seem s n o t to  rep re sen t a t r a n s i t io n  o f  th is  k ind . T h e  a b o u t 3 to  8 
m in u te , i.e. in  average  300 sec osc illa tion  o f  m ag n e to sp h ere  co rresp o n d s to  an 
a b o u t 10e k m  space  p a ra m e te r  in  s tr ip  B. T h e  le n g th  o f th e  m ag n e to sp h e re  is in  
fa c t 105 km  a t  le a s t an d  p resu m ab ly  n o t fa r  fro m  10e km .

R h y th m ic  and  cyclic m otions a re  m u ch  m ore  com m on th a n  one  p e rcep ts  
it. T hey  are  p re se n t everyw here  an d  c o n tro ll a ll m ovem ents o f th e  U n iverse . 
T h ey  re p re se n t th e  p e rm a n e n t an d  th e  m o s t e ffic ien t processes. T h e  energy  
d ispersion  b y  e n tro p y  rep re sen ts  th e  co m p le m e n ta ry  d iso rdering  p rocess of 
th e  system  fo rm ing , o rd e rin g  effect o f  cycle m o tio n s. T hus, en erg y  d ispersion  
is also n o t an  u n id irec tio n a l flow .

M ost o f  th e  cycles are , how ever, h id d en  fro m  our ev e ry d ay  a c tiv i ty . Cycli­
c ity  reg u la te s  th e  U niverse  im p ercep tib ly . S y s te m a tic  in v e s tig a tio n  fro m  th e  
v iew po in t o f  cyclicities rev ea l a com plete , q u a n t i ta t iv e ,  hom ogeneous a n d  v iv id  
concep t a b o u t th in g s.

D iffe ren t rh y th m ic  o r cyclic m o v em en ts  be long  p resu m ab ly  to  a ll p o in ts  
o f  th e  four s tr ip s  an d  to  th e  tim e  an d  space  p a ra m e te rs  from  th e  su b a to m ic  to  
th e  h y p e rg a la c tic  one.

In  th e  fie ld  o f  a ro ta tin g  b o d y  — e.g. a t  th e  surface o f th e  E a r th  — all 
m ovem en ts becom e a u to m a tic a lly  cyclic. 6

6 The substrips of living system s (Gánti, 1979, in th is volume) m ay also be re la ted  to  the 
annual rhy thm  of tem perature  values coded in the DNA-molccule affecting th e  d ispersity , thus 
the  cyclic ac tiv ity .

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980
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T h e  so-called “flow s” a re  p a r ts  o f g rea t cyclic  processes m ain ly  o f  th e  s tr ip  
B . R e g a rd in g  th e  in d iv id u a l flo w s, th e y  a re  irrev e rs ib le  processes, h u t  p u t t in g  
th e  f lo w  in to  th e  g rea te r  cy c le  to  w hich  i t  be lo n g s, th e  quasi-cyclic re ite ra tin g  
n a tu r e  o f  i t  becom es o b v io u s (see also th e  p a p e r  o f  H o r v á t h  in  th is  v o lum e).

T h e  law s o f th e rm o d y n a m ic s  are  v a lid  o f  th e  d iffe ren t p a r ts  o f th e  cycle 
d e sc r ib e d  as flows. E .g . v e lo c ity  o f flu x  (I)  o f  th e  flow  is p ro p o tio n a te  to  th e  E  
th e rm o d y n a m ic  force (e.g . th e  h e a t flow  to  te m p e ra tu re , electric  c u r re n t to  th e  
p o te n t ia l  d ifference, d iffu sion  to  c o n c e n tra tio n , g en era lly  to  th e  g ra d ie n t o f  th e  
fre e  e n th a lp y ) :  I  =  L E ,  w h e re  th e  p ro p o rtio n a lity  fa c to r  L  is th e  c o n d u c tiv ity  
c o e ff ic ie n t. Changes in  t im e  o f  th e  ex ten siv e  fa c to r  m ass, vo lum e, e n tro p y  
(d e p e n d in g  on the  q u a n ti ty  o f  m a tte r )  are  e q u a l to  th e  p ro d u c t o f L  a n d  o f  th e  
d iffe re n c e  Y  — Y 0 o f th e  in te n se  fac to r  (p re ssu re , te m p e ra tu re , chem ica l 
p o te n t ia l )  ten d in g  to  e q u a liz a tio n :

dx
~dt

L (Y  -  Y 0) .

T h e  diffusion  an d  o th e r  chem ical t ra n s p o r t  p h en o m en a  re p re se n t p a r ts  o f  
m o s tly  h id d e n  cycles o f  s tr ip  C.

C ycles are often  anisometric, one-or tw o -d im en sio n a l, e.g. m o s t a rea l 
e x te n d e d  phenom ena a t  th e  E a r th ’s su rface . P rocesses in  th e  e lo n g a ted  s t ru c ­
tu r e s  o f  bio logical sy s tem s, a n d  m uch  p h en o m en a  described  as th e  m e n tio n e d  
flo w s a re  quasi-one-d im ensiona l. In  these  cases th e  decisive space p a ra m e te r  is 
th e  lo n g e s t  d iam eter, since th e  cycle process is e x te n d e d  u p  to  th is  d ia m e te r  
d u r in g  a ll  ro ta tio n s  o f th e  cycle .

I n  th e  h ie ra rch y  o f  th e  con tin u o u s sy s te m  o f  cycles som e cycles a p p e a r  
r e g u la r ly  interrupted. E .g . th e  m ain  p e tro lo g ica l m e tam o rp h ism  a p p e a rs  a t  a 
d e f in e d  sec tio n  o f th e  E a r t h ’s tec to n ic  e v o lu tio n  re tu rn in g  once in  all 
g a la c tic -so la r - te r re s tr ia l  cycles.

C ycles and  rh y th m s  h a v e  also lim its , as th e  U n iverse  is also l im ite d . A t 
th e  lo w e r  lim it the  tim e  p a ra m e te r  a tta in s  ro u g h ly  10-23 sec an d  th e  space 
p a r a m e te r  10-13 cm. T hese  v a lu es  re p re se n t quanta o f time and space, i.e. 
th e  a d m it te d  th eo re tica l m in im a l values o f  tim e  and  space6 p e rfo rm in g  
in d e p e n d e n t  m o tion  w ith in  th e  osc illa ting  v a c u u m . Q u a n ta  rep resen t th e  w av e ­
le n g th  a n d  th e  inverse fre q u e n c y  o f th e  s tr ip  A  co rrespond ing  to  th e  d im en sio n  
10 _ 13 c m  a n d  to  th e  p re ssu m a b le  m ax im u m  e n e rg y  q u a n ta  o f e le c tro m a g n e tic  
w a v e s .

I t  is possible to  f in d  a n  u p p e r lim it o f  c y c lic ity  space an d  tim e , too . 
S t r ip  A  co rre la ted  w ith  th e  t im e  va lu e  c o rre sp o n d in g  to  th e  H u b b le - tim e  o f 
a b o u t  1018 sec determ ines th e  m ax im um  sp ace  v a lu e  o f  1028 cm. 6

6 Mathematically even smaller inferable time and space values can be, however, imagined. 
A dequate space energy, and mass values may by computed, too. Thus “substructural” world is 
drafted in  this volume by Márföldi.
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Follow ing  th e  B ig -B an g  m odel, i t  m a y  be  ro u g h ly  a d m itte d  t h a t  g roups 
an d  k inds o f cycles a n d  dim ensions o f  m o v e m e n ts  increase p a ra lle l to  th e  
H u b b le -d ila ta tio n  since  th e  B ig-B ang. In  th is  case  th e  origo o f th e  d ia g ra m  p re ­
sen ts  th e  in itia l f i r s t  m o m en t o f th e  h e a t  w o rld  ex isted  before a b o u t 16 to  
20 X 109 years. T h e  su b se q u e n t phases o f  th e  d ev e lo p m en t m ay be sc h e m a tic a lly  
rep re sen ted  b y  th e  g rad u a l expansion  o f  th e  a re a  o f  th e  d iag ram . T h e  p re se n t 
lim its  o f th e  w o rld  a re  de te rm in ed  b y  th e  H u b b le - tim e  and  th e  co rre sp o n d in g  
space  value. F ir s t  s tr ip  D  an d  A ,  th e n  s tr ip  B , f in a lly  s tr ip  C cam e in to  being . 
A ccord ing  to  th e  geochem ical, d a ta  th e  y o u n g e s t s tr ip  C m ay  ex is t since  a b o u t 
4 X 109 years.

The cycle d ia g ra m  F ig . 1. is a p h y s ic a l p ic tu re  o f  th e  k n o w n  U n iverse  
d e m o n s tra tin g  i t  b y  th e  basic  p a ram e te rs  o f  p e rcep tio n , viz. space a n d  tim e . I t  
rep re sen ts  a m a n y -s id e d  un iversa l “ m ap ”  o f  th e  processes and  o b jec ts  (see th e  
n e x t ch ap te r) sh o w in g  d iffe ren t h id d en  in te ra c tio n s  and  re la tio n s .

U niversa l c o n s ta n ts  o f physics a p p e a r  to  d e te rm in e  th e  g eo m etria i s t ru c ­
tu re  th e  F ig . 1. cycle  d iag ram . The r0 a n d  t0 origo o f th e  d ia g ra m  a re  th e  
d e riv a tiv e s  o f  th e  PbANCK-constant h. T h e  q u o tie n t o f th e  space  a n d  tim e  
q u a n tu m  gives th e  l ig h t ve locity . The e n d p o in t o f  th e  tim e  axis is d e te rm in e d  
b y  th e  H u b b le -c o n s ta n t, H. T he 5 to  6 o rd e r  o f  m ag n itu d e  d is tan ce  b e tw een  
s tr ip s  A  and  В  is d u e  to  th e  sp a c e -q u a n ta  n u m b e r  o f ab o u t 10® (p re su m a b ly  
8 3 • 123, see th e  n e x t  p ap e r) o f th e  p ro to n , a n d  to  th e  d ifference b e tw e e n  th e  
a to m ic  and  n u c le a r  d ifferences, 10-8 cm  a n d  1 0 ~ 13 cm . T he tw o e n d p o in ts  o f 
th e  m ain  (linear) sec tio n  o f s tr ip  В  a re  d e te rm in e d  b y  th e  space d im en sio n  o f 
a b o u t 1 Â  o f th e  a to m s  an d  th a t  o f th e  G a la c tic s  o f  ab o u t IO20 cm  ex p ressin g  
th e  dependence  o f  s tr ip  В  on th e  chem ical a n d  g ra v ita tio n  forces. T h e  p o s itio n  
o f  s tr ip  C is d e te rm in e d  b y  th e  lo g arithm ic  d is ta n c e  BC  = 2  A B .  W eak  p h y s ic a l 
in te ra c tio n s  a p p e a r  in  som e form  in a lm o s t a ll chem ical reac tio n s. T h e re fo re , 
i t  m ay  be a d m itte d  t h a t  s tr ip  C is in  som e c o rre la tio n  w ith  th e  w eak  F erm i- 
c o n s ta n t. The p o s itio n  o f  th e  card inal p o in t o f  s tr ip  H is  de te rm in ed  b y  th e  space 
d im ension  an d  life tim e  (u n til now) of th e  p ro to n . A t th e  sam e tim e  th e  v e lo c ity  
d ifference A /D  o f  a b o u t 39 o rder of m a g n itu d e  is th e  q u o tien t o f  th e  e le c tro ­
m agnetic  and  g ra v ita t io n  energies.

A ll these  co incidences are due to  th e  genera l reso n an ce  o f  th e  
cyclic  m o tio n -sy s te m  o f th e  U niverse, e x p re sse d  b y  th e  u n iv e rsa l c y c lic ity  
re la tio n .

In  th e  la n g u a g e  o f  philosophy u n iv e rsa l cy c lic ity  rep resen ts  th e  quanti­
tative and differentiated form  o f the d ia lec tic  co n cep t '‘‘’motion in  contrasts" . In  
fu n c tio n  o f tim e  th e  m o tio n  in  co n tra s ts  (o r a n tag o n is tic  m o tion ) re su lts  in  
o scilla tions (i.e. rh y th m s )  an d  (regular o r  ir re g u la r)  cyclic m o v em en ts . F o u r  
an d  on ly  four m a in  ty p e s  o f du rab le  in o rg a n ic  m o tio n  d e te rm in ed  b y  th e  
d isp e rs ity  o f m a t te r  in  th e  space is possib le.

T h eo re tica lly  all p h enom ena  m ay  be p lo t te d  in  th is  d iag ram .
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T h is  suggests th e  p o ss ib ility  o f  a comparative quantitative m ultidisciplinary  
research o f  different sciences a n d  m a y  serve th e  g en era l su rvey  o f kno w led g es.

T h e  lo g arithm ic  sp ace -tim e  p ic tu re  o f  th e  U niverse  m ay  ex p ress  also 
a c c e le ra t io n  and  o th e r  te rm s  o f  m o tio n  c o n ta in in g  space or tim e  v a lu e s  on  
d if fe re n t  pow ers. In  th ese  cases  th e  a p p ro p r ia te  p o w er value m ay  he p re sc rib e d  
to  t h e  a x is  in  question .

T h e  re p re se n ta tio n  o f  th e  U niverse  b y  th e  space-tim e p ic tu re  e x te n d s  
o v e r  41 tim e  and  space o rd e rs  o f  m a g n itu d e . T h u s  all values o f cy c lic itie s  
in f lu e n c e d  p e rm an en tly  b y  d iffe re n t re so n a tin g  a n d  n o n -resona ting  fa c to rs  are  
p r in c ip a l ly  only ap p ro ach es an d  re p re se n t o b v io u sly  s tochastic  p h en o m e n a .

3. F o rm a tio n  of th e  Cycles. T h e  B ridges o f  C hem ical and  N uclear R eac tio n s

T h e  conversions o f  th e  cyclic  p h en o m en a  in to  each  o th e r, i.e. th e  chemical 
and nuclear reactions are  a lso  n o t ran d o m  processes. T h ese  are c h a ra c te r iz e d  
a lso  b y  d e fin ite  space-tim e re la tio n s  and  ve lo c ities . T he n u c lea r  an d  ch em ica l 
re a c tio n s  are  de te rm ined  b y  th e  d im ensions o f  th e  partic les, a tom s an d  m olec­
u les  a n d  b y  th e  reac tio n  tim e s ; th e  b iochem ical an d  social ones m o stly  b y  th e  
d im e n s io n s  and tim e  p a ra m e te rs  o f  th e  b io log ica l ind iv iduals or socia l u n its  
(see th e  p a p e r  b y  On d v á ry  in  th is  vo lum e). I n  th e  u n iv e rsa l space-tim e sy s te m  
th e  s ite s  o f  reactions a p p e a r  a long  som e d e f in ite  lines form ing c h a ra c te r is tic  
n o n -c o n tin u o u s  “ in te rzo n a l b rid g e s”  b e tw een  th e  s tr ip s  A , B, C, D. A t p re se n t 
w e k n o w  fiv e  such bridges: t h a t  o f  th e  in s ta b le  p a rtic le s  along th e  line 1 0 -13 cm , 
t h a t  o f  th e  in stab le  ra d io a c tiv e  an d  tra n s u ra n  a to m s ab o u t th e  line 10 ~8 cm , 
t h a t  o f  th e  m ain  chem ical re a c tio n s  also a b o u t th e  line  10 ~8 cm, th a t  o f  th e  b io ­
c h e m ic a l, biological re a c tio n s  an d  f in a lly  t h a t  o f  th e  social p h en o m en a  b o th  
b e tw e e n  a b o u t 103— 1013 sec. T h e  f ir s t  th re e  b rid g es  are nearly  p a ra lle l to  th e  
t im e  a x is , th e  last tw o are  ro u g h ly  p a ra lle l to  th e  space axis. (F ig . 1.)

S tr ip s  and  bridges d iffe r p rin c ip a lly . S tr ip s  rep re sen t th e  rea lm s o f  th e  
in o rg a n ic  a n d  o rgan ic , q u a s i-p e rm a n e n t cyclic  m o tions. B ridges re p re se n t th e  
r e a lm  o f  th e  non-cyclic, i.e . p rin c ip a lly  t r a n s ie n t  sh o rt-tim e  reac tio n s t r a n s ­
fo rm in g  cycles in to  each  o th e r , i.e . fo rm ing  new  cycles from  th e  o ld e r ones.

B e tw een  strip s  В  a n d  C th e  b ro ad  b rid g e  o f  th e  biochem ical m e tab o lism  
a n d  o f  th e  neurophysio log ic  processes o f m u ltic e llu la r  organism s is d u e  to  th e  
a c c e le ra te d  q u asi-one-d im ensiona l s tru c tu re s , i.e . v ascu la r m e tab o lic  flow  
s y s te m , an d  the  e longa ted  n e u ro n  cells. T h e  acce le ra tio n  w orks in  th e  m e ta b o l­
ism  b y  c a ta ly s ts  (it is a sy s te m  o f en zy m a tic  ru le d  b iochem ical re a c tio n s ) , in  
th e  neurophysio log ic  processes b y  jo ined  e le c tro n  tran sfe r and  К  — N a  ionic 
d iffu s io n  th ro u g h  th e  cell m em b ran es. T h e  ra te  o f  m am m alian  (i.e. h u m a n ) 
m e ta b o lism  is ab o u t 103 cm /s, th a t  o f th e  s tim u li conduction  in  p la n ts  (e.g. 
M im o sa) ab o u t 1.5 cm /s a n d  th a t  o f  th e  neu ro p h y sio lo g ic  processes in  m am m als
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m a x im u m  ab o u t 10 000 cm /s =  360 k m /h o u r. T he la s t ra te  re p re se n ts  a lread y  
В  s tr ip  ve lo c ity , acco rd in g  to  th e  tw o -p h ase  d isperse  system  m o tio n  o f  these 
in d iv id u a ls  re la tiv e  to  th e  E a r th .  T he v e lo c ity  o f  som e m an -m ad e  in s tru m e n ts  
( th e  cosm ic ro ck e t) su rp asses  even  th e  av e rag e  o f  s tr ip  B. In  th is  w ay , these  
in s tru m e n ts  becom e cyclic ro ta tin g  m em bers o f  s tr ip  B, i.e. s a te llite s . H igh 
p re ssu re  and  h igh  te m p e ra tu re  ex p e rim en ts  p roducing  e.g. a c c e le ra te d  d if­
fu sion  o f  th e  aquacous v a p o r  in  am o rp h o u s  substances rea lize , m an -m ad e  
t r a n s ie n t  m otions in  th e  in te rz o n a l rea lm  b e tw een  strip s  C an d  B.

T h e  second b rid g e  b e tw een  s tr ip s  В  an d  C, i.e. th a t  o f th e  soc ia l o rg an iza ­
tio n s  — described  b y  O n d v á r y  (1978 an d  in  th is  volum e) — o v e rla p s  p a r tly  
th e  b io logical one b u t  is sh ifted  acco rd in g  to  th e  g rea te r sp ace  p a ra m e te rs  
o f  th e se  system s to  th e  side o f  g re a te r  tim e-sp ace  values.

T h e  th ird  b rid g e  — d iscovered  b y  B. G uly á s  (1978 and  in  th is  v o lu m e) — 
c o n ta in s  th e  sp ace-tim e  p a ra m e te rs  o f  m o lecu la r and  p a r tly  p reb io lo g ica l p h e­
n o m en a . T hus i t  describes th e  e le m e n ta ry  su b v ita l d ev e lo p m en t, to o . This 
b rid g e  connects th e  av erag e  10—8cm /s В -s tr ip  va lu e  and  th e  s ta r t in g  10 cm/s 
C -strip  va lue .

T w o bridges ex is t be tw een  s tr ip s  C, D  an d  th e  origo, i.e. t h a t  o f  th e  u n ­
s ta b le  rad io ac tiv e  a n d  tra n su ra n ic  a to m s a n d  o f  th e  u n stab le  e le m e n ta ry  p a r ­
tic le s . B o th  lead  to  s ta b le  sy stem s: th e  f ir s t  one to  th e  stab le  a to m s, th e  second 
one to  th e  p ro to n s.

T h u s , we live  in  a  w orld  c h a ra c te riz e d  b y  in f in ite  possib ilities o f  th e  (cyc­
lic) processes, b u t  lim ited  b y  s tro n g ly  d efin ed  space-tim e re la tio n s .

4. S trips A  a n d  B .  Cycle an d  R h y th m . Sym m etry

E lec tro m ag n e tic  osc illa tions p ro p a g a tin g  w ith  ligh t v e lo c ity  in  vacu u m , 
i.e . th e  s tr ip  A  is p ra c tic a lly  rea lized  w here th e  d is tr ib u tio n  o f th e  “ m e c h a n ic a l” 
m ass is sp o rad ic , th u s  p ra c tic a lly  no in te ra c tio n  ex ists b e tw een  sp ace  and 
p a r tic le s . S trip  A  c o n ta in s  th e  o n e-p h ase  osc illa tions o f th e  v a c u u m  space
q u a n ta , rep re sen tin g  a boson-fie ld , w here in f in ite  n u m b er o f  p a r tic le s  m a y  be 
in  th e  sam e q u a n tu m  s ta te . A ccord ing  to  th e  n e x t p ap er, th e  p ro p a g a tio n  o f  th e
g ra v ita t io n  belongs also to  th e  ^4-strip m o tio n s  rep resen tin g  th e  lo n g itu d in a l 
o sc illa tio n s  o f  th e  v a c u u m  space  q u a n ta  in  c o n tra s t  to  th e  tra n s v e rs a l oscilla­
tio n s  o f  th e  e lec tro m ag n e tic  w aves.

M otions o f  th e  s tr ip  В  a re  connected  w ith  th e  sep ara tio n  o f th e  tw o  stab le  
p a r tic le  g ro u p s nucleons an d  e lec trons o f  o p p o site  charge. T he s tr ip  В  is essen­
t ia l ly  a h a lf  sp in  fe rm io n  f ie ld  in te rp re te d  b y  th e  cycle m otion  in  th e  n e x t  p ap er. 
T h e  eq u ilib riu m  d is tan ce  o f  th e  tw o  p a rtic le  ty p e  o f opposite  c h a rg e  is rep re ­
sen ted  b y  th e  av e rag e  a to m ic  rad iu s  o f  a b o u t 1 Â =  10~4 * * * 8 cm . T h u s , th e  
s ta r t in g  p o in t o f th e  s tra ig h t  section  o f  s tr ip  В  is de te rm ined  b y  th e  atom ic
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d im e n s io n  o f  ab o u t 1 Â. T h e  tim e  d im ension o f  s t r ip  B , i.e. its  c o n tin u a tio n  
to  th e  t im e  axis is a b o u t 10 _18. T h is differs fro m  th e  p a ra m e te r  10 _23 s o f  s tr ip  
A  b y  5 to  6 orders o f  m a g n itu d e , accord ing  to  th e  d iffe rence  betw een  th e  space- 
q u a n ta  m o v in g  as so lita ry  u n i ts  in  s tr ip  A ,  a n d  th e  p ro to n s (i.e. th e  m a in  
c o n s t i tu e n ts  o f  str ip  B) c o n ta in in g  ab o u t 10s to  10® sp a c e -q u a n ta , as m en tio n ed  
b e fo re . T h is  difference is o n e  o f  th e  h a rm o n ics  o f  th e  lo g arith m ic  40 o rd e r  
d iffe ren ce  be tw een  s tr ip s  A  a n d  D .

S tr ip  В  rep resen ts  th e  u n im p ed ed  m o tio n s o f  th e  sim ple tw o -p h ase  sy s ­
te m s . I t  c o n ta in s  th e  o sc illa tio n s  o f  th e  m ech an ica l m a te r ia l:  u ltra so u n d , so u n d , 
h y p e rso u n d , seism ic w av es, as w ell as th e  av e rag e  c u r re n t  system s o f th e  a tm o ­
sp h e re  a n d  h y d ro sp h ere , a n d  th e  un im peded  ro ta t io n s  an d  rev o lu tio n s o f  celes­
t ia l  b o d ie s 7. E ven  such  m o tio n  as th e  geoph y sica l w est d rift o f a b o u t 1800 
y e a rs  p e r io d  corresponds to  th e  В -strip  m o tio n s as i t  rep resen ts th e  d isp lace ­
m e n t o f  th e  lith o sp h ere  a g a in s t th e  m ain  E a r th ’s m ass  m odifyed on ly  s lig h tly  
b y  a  1 8 0 0 x 3 6 5  =  660 000 p a r t ,  i.e. b y  0.1 sec th e  d a ily  ro ta tio n  cycle.

V elocities o f sy stem s in flu en ced  by  th e  fo rced  s tre n g th s , such  as fr ic tio n  
are  d im in ish ed . T hese a p p e a r  a t  th e  bo rder o f  s t r ip  В  facing s tr ip  C. Such  im ­
p ed e d  sy s tem s  are, e.g . th e  a tm o sp h eric  m ic ro -tu rb u len ces  (described  in  th is  
v o lu m e  b y  B . B e l l ) a t  th e  v ic in ity  o f th e  so lid  E a r th  surfaces, as w ell as m o st 
r iv e r  sy s te m s  and  especia lly  m arin e  cu rren ts . T h e  w id th  o f s tr ip  В  is p ra c tic a lly  
b ro a d e n e d  to  ab o u t 4 o rd e rs  o f  m agn itu d e  b y  th e s e  im peded  m otions, i.e . b y  
th e  f r ic tio n  a t  th e  solid E a r th ’s surface.

T h e  rev o lu tio n s o f  p la n e ts  and  sa te llite s  d e te rm in e d  b y  th e  second p o w e r  
o f  th e  t im e  p a ra m e te r  a n d  b y  th e  th ird  one o f  th e  sp ace  p a ra m e te r  a p p e a r  a l l  
w ith in  th e  s tr ip  B. T he  e q u a tio n  o f th e  th ird  law  o f  K e p l e r  is co nnec ted  w ith  
th e  c y c lic ity  re la tio n , since th e  ro ta tio n  o f  p la n e ts  is sp a tia l, re v o lu tio n s ’ 
h o w e v e r , p la n e  processes, th u s  th e  energy  o f  th e  th ree -d im en sio n a l ro ta t io n  c o n ' 
v e r te d  in to  th e  tw o -d im en sio n a l rev o lu tio n  a re  in c re a se d  b y  a r a te  o f  3 /2 . T he 
A : T  —  o r  considering  th e  3 sp a tia l  d im ensions th e  A3/T 3 re la tio n  o f  th e  r o ta ­
t io n  c o n v e r te d  in to  th e  re v o lu tio n  appears as A3/T 2 accord ing  th e  th i r d  law  
o f  K e p l e r . T h u s , th e  lin e a r  cy c lic ity  re la tio n  im p lic it con ta in s h ig h e r  g rad e  
m o tio n s , to o .

C ycle  is re la te d  a lw ay s  to  rh y tm s , s ince  rh y h th m s  are g e n e ra te d  b y  
cy c les . T w o m ain  k in d s  o f  rh y h tm s  shall be  d isce rn ed . R h y th m s o f s tr ip  A  
a n d  th o s e  o f  th e  m in o r p a ra m e te r  p a r t  o f  s t r ip  В  a re  q u asi-in d ep en d en t 
“ p r im a r y ”  osc illa tions. O n th e  co n tra ry , r h y th m s  observed  a t d efin ed  p o in t 
o f  a  cy c le  depend  sp a tia lly  a n d  tem p o ra lly  o n  th e  cycle , e.g. chang ing  o f  day  
a n d  n ig h t  a t  a given p o in t o f  th e  p lan e ts , th e  p u lse  a t  som e d e fin ite  p o in ts  of 
th e  a r t e r y  system . T hese k in d s  o f  rh y th m s a re  se c o n d a ry  oscillations. T h e  p r i ­
m a ry  rh y th m s  o f s tr ip  A a re  p ro d u c ts  of th e  a to m ic  e lec tro n  shell cycle s tr ip  B .

7 T he  ro ta tion  of th e  celestial bodies near th e ir cen tra l bodies is impeded by th e  strong 
m u tu a l g rav ity  and become synchronous w ith the ir revo lu tion  (e.g. Mercur, Moon). *•
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T h e  tru e  rh y th m  w orks m o stly  in  thin media, i.e. in  v a c u u m  o r  in  m edia 
r ich  in  v acu u m  ch a ra c te riz e d  b y  sm all ev en  “ zero”  d e n s ity  a n d  re la tiv e ly  
g re a t d is tan ce  be tw een  th e  p a rtic le s . T h u s , th e  pa rtic le s  o f  th e  th in  m edia 
a re  n o t  jo in ed  b y  a t t r a c t iv e  forces an d  osc illa te  u n re s tr ic te d , ex p an d in g  
p rin c ip a lly  u n lim ited  in  th e  th in  m ed ium . T h in  m ed ium  su rro u n d s  as d ispers­
in g  p h ase  th e  pa rtic le s  a n d  sy stem s o f th e  dense one. H o w ev er, in te n se  source 
force, e.g . e a r th q u a k e , p roduces o sc illa tions in  dense m ed ia , to o .

T h e  superposition  o f  th e  d iffe ren t h ie ra rc h y  levels o f  m o tio n  ch an g es  the  
re s u lta n t  m o tio n  o f  th e  low er level o f  th e  h ie ra rch y .

A ll p e rip h era l p o in ts  o f a cycle o f  th e  rad iu s  r  m oving  to g e th e r  w ith  the 
su p erp o sed  n e x t h ig h e r h ie ra rch ic  level b y  th e  tra n s la tio n  d is ta n c e  d  describe 
sp ira l line i f  d <  4 r, b u t  cyclo id  tu rn in g  in to  sinuso idal w av e  lin e  w ith  in ­
c reasin g  d  i f  d  >  4 r, e.g . d  =  47r fo r th e  M oon’s re v o lu tio n  a ro u n d  the 
E a r th ,  a n d  d  — 417r fo r  th e  E a r th ’s rev o lu tio n  a ro u n d  th e  S u n  (F ig . 2).

T h e  h ie ra rc h y  p roduces tra n s it io n s  b e tw een  cycles a n d  rh y th m s . De­
p en d in g  on  th e  v e lo c ity  o f  th e  superp o sed  ne ighbouring  m o tio n  (e.g . revo lu tio n  
o f  ro ta t in g  p lane ts) cycle m ay  pass g ra d u a lly  in to  w ave m o tio n , i.e . rh y th m s.

A cce le ra tion  o f  th e  low er level cycle o f  h ie ra rch y  p ro m o te s  system  
d ev e lo p m en t an d  s tre n g th e n s  th e  s tru c tu re . A cceleration  o f  th e  h ig h e r  level 
cycle  o f  h ie ra rch y  p ro m o tes  th e  w ave n a tu re  o f th e  low er one a n d  s tren g th en s  
i ts  ex p an sio n  an d  e x te n s iv ity . (These re la tio n s  allow w ide p ra c tic a l  use. E.g. 
in d u s tr ia l  system s m a y  be  governed  b y  chang ing  v e lo c ity  o f  th e  d ifferen t 
levels.)

A ccord ing  to  th e  cycle concep tion( th e  space q u a n ta  o f  th e  p a r tic le s  are 
ro ta t in g  an d  th e  d irec tio n s o f  th e  ro ta tio n , th e ir  symmetry o r  th e i r  parallelism

0  ■’Т Я Л Г »
d = 0 d = r d = 2r d = 3r

d = 20r

d = 40 r

Fig. 2. R elation  betw een rotation  and translation

2 Acta Ccologica Academiaa Scitn liam m  Hungaricaa Z3, 1980
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c o n tro ls  m ain ly  th e  a t t r a c t iv e  o r  repulsive forces. T h e  m ain  nu c lear forces are  
p ro d u c ts  o f  th e  sym m etric  r o ta t io n  o f the  sp a c e -q u a n ta  pa rtic le s  (see th e  n e x t  
p a p e r  in  th is  volum e).

M o stly  th e  cycle fre e z in g  ap p ears  m ain ly  as c ry s ta l  sy m m etry . R eg u la r 
cy c les  in  hum an  m ind  a p p e a r  as scientific law . T h u s , sc ien tific  law  m ay  be 
d e sc r ib e d  b y  sym m etry . B o th  sy m m e try  and  law  ex p re ss  reg u la r re p e titio n  o f 
p h e n o m e n a .8

A ccord ing  to  th e  cy c le  c o n c e p t con serv a tio n  law s an d  th e  in v arian ce  o f  
p h y s ic a l law s are n o t s ta t ic  m a n ife s ta tio n s , th e y  re p re s e n t  dynam ic  phen o m en a . 
T h e  m ac ro sy m m etry  m a y  b e  d esc rib ed , too — as d y n am ism . T he concep t o f 
“ t im e  re flex io n ”  (W ig n e r ) ex p resses  th e  d y n am ism  o f  e lem en ta ry  p a rtic le s .

I n  th is  ch ap te r s y m m e tr y  problem  is d iscu ssed  on  th e  exam ple o f th e  
c r y s ta l  sym m etry .

A  tw o-d im ensional p la n e  cycle  rep resen ts r ig h t  o r  le f t ro ta tio n , i t  is “ en- 
a n tio m o rp h ic ” . The in te r r e la t io n  o f tw o p a ra lle l ro ta t in g  cycles in  c o n ta c t 
is u n s ta b le .  The stab le  c o n f ig u ra tio n  is the  d is sy m m e try  w ith  sy m m etric  r o ta ­
t io n  (F ig . 3).

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

T h e  add ition  to  th e s e  a  th i rd  cycle p ro d u ces  one  asy m m etric  p a ir  a n d  
th u s  a  new  u n stab ility  w h ic h  te n d s  to  form  a  fo u r th  in te rm e d ia te  w hirl p ro ­
d u c in g  th e  te trag o n a l p la n e  sy m m etry . As in  th e  te tra g o n a l  p lane sy m m e try  
a  c o n ju n c tiv e  and  a  d is ju n c tiv e  p a ir  of forces a p p e a rs , th e  hexagonal sy m m etry  
c h a ra c te r iz e d  b y  a c o n ju c tiv e  an d  two co n n ec tiv e  tra n s la t iv e  forces is m ore 
s ta b le  (F ig . 3). M ost s ta b le  is  th e  cubic space s y m m e try  ch a rac te rized  b y  fo u r 
te t r a g y re s .  I t  rep resen ts  q u as i-p e rfec t th re e -d im e n s io n a lity  and m axim um  
s y m m e try  dynam ism .

8 According to N o e th er , the conservation of energy (weight constancy) represents sym­
m e try  of gravity concerning time translation, conservation of the impulse momentum represents 
sy m m etry  by rotation. Elementary particles are characterized also by other (internal) sym­
m etries , e.g. conservation of barion number (W igner) and lepton number (Gy. Marx).
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Cyclicity d y n a m ism  allow s to  discuss som e p rob lem s o f th e  chem ical 
b o n d  an d  o f th e  c ry s ta llin e  fie ld  and  th e  lig an d  fie ld  th e o ry , to o , re la te d  to  the  
P a u li sp in  p rinc ip le . T h e  s ta te  o f  th e  w hole sp in  n u m b er o f e le m e n ta ry  partic les 
(“ b o zo n ” ) is sy m m e tric , t h a t  o f th e  h a lf  sp in  n u m b ers  (ferm ion) is asy m m etric , 
i.e . th e  signs of th e ir  fu n c tio n s  are  changed  w hen  pa rtic le s  a re  c h an g ed  (see th e  
n e x t  p ap e r in  th is  v o lum e).

In  th is  w ay  c ry s ta ls  rep re sen t frozen  system s o f ac tiv e  sy m m etrie s . On 
th e  c o n tra ry  symmetries o f  biological systems a re  n o t frozen . T h e  f re q u e n t left 
r o ta t io n  of b iom olecu les loosens co n ta c ts , th e re fo re  one o f  th e  e lem en ts of 
h ex asy m m etry  rece iv es  c e n tra l p o sition  p ro d u c in g  p e rip h e ra l p e n ta sy m m e try . 
B iological p e n ta sy m m e try  is p ro b a b ly  c o rre la ted  w ith  th e  ro le  o f  five-va lency  
e lem en ts  P  and  N  in  th e ir  m acro  m olecules, to o . T he close re la tio n  o f  p e n ta sy m ­
m e try  w ith  th e  Fibonacci row an d  w ith  th e  golden section p re d o m in a n t in  a rts  
an d  expressing v i ta l  re la tio n s  are  o ften  described . N ew  a d a p ta t io n  o f  these 
re la tio n s  was fo u n d  b y  L en d v a i in  m usico logy , too .

5. Strip C. B ond  o f G eologic-C hem ical-B iological an d  Social P h en o m en a

S trip  C is c h a ra c te r iz e d  b y  th e  com plex  th ree -p h ase  d isp e rs io n s. T hus 
th e  velo c ity  w ith in  th e se  d ispersions is d ecreased  b y  a b o u t f u r th e r  10 o rders of 
m ag n itu d e  as c o m p ared  w ith  s tr ip  B. In  a d d itio n  to  th e  com m on  chem ical v a ­
len cy  bonds th e  w e a k e r  v a n  d er W aals an d  hydro g en  b o n d s also  a p p e a r  in 
e tr ip  C. The c o n tin u o u s ly  chan g in g  assem blage o f  w a te r m olecu les, th e  jo in ing  
o f  scales o f clay  m in e ra ls  an d  o th e r  ph y llo silica tes, th e  doub le  sp ira l s tru c tu re  of 
m a n y  liv ing  o rgan ic  m olecu le-system s a re  a ll ch a rac te rized  b y  h y d ro g e n  or/and  
v a n  d e r W aals b o n d s . T hese  bon d s gen era te  th e  sensitive  s tru c tu re s  o f  all the  
th re e  m em bers o f  th e  w ate r-c lay -life  sy s tem  ch a rac te riz in g  s tr ip  C. T he con­
t r a s t  o f  th e  w eak  b o n d s  ex is tin g  beside th e  s tro n g  ones is re fle c ted  in  th e  two- 
a n d  one-d im ensional c ry s ta ls  o f  large specific  surfaces in c rea s in g  th e  sensi­
t iv i ty  o f th e  C -strip  s tru c tu re s .

In  s tr ip  C th e  m o st co m p lex  an d  a t  th e  sam e tim e  th e  m o s t in freq u en t 
p h en o m en a  in  th e  U n iv e rse  in te r re la te d  w ith  E a r th  an d  M an a p p e a r . S tr ip  C 
p h en o m en a  are a t  p re se n t kn o w n  on ly  a t  th e  n ea rsu rface  zone o f  th e  E a rth . 
T hese  are  g en e ra ted  b y  accu m u la tio n  o f  a h ig h ly  p a r tic u la r  m a te r ia l  a t  the  
E a r th ’s surface, t h a t  o f  th e  liquid  H 20 .  W a te r  com bines tw o  e x tre m e ly  opposite  
e lem en ts : th e  m o s t ty p ic a l  v o la tile  h y d ro g en  an d  th e  o x y g en  fo rm in g  more 
th a n  70 %  volum e p e r  c e n t o f th e  in e r t solid phases, i.e . rocks. C onsequen tly , 
w a te r  is one o f th e  m o s t e ffic ien t so lven t, th e  m ig h ty  presence  o f  w h ich  enables 
th e  s te a d y  fo rm a tio n  a n d  cyclic re ju v e n a tio n  o f  d iffe ren t te r re s tr ia l  so lu tions 
(sea-w ater, m inera l w a te r) . W a te r  is ch a rac te rized  b y  th e  low est bo ilin g  poin t 
am o n g  th e  m ain  v o la tile  com ponen ts o f  th e  p lan e ts  an d  b y  e x tre m e ly  high

2 * Acta Geologien Acadcmiae Scientiarum Hungaricae 23, 1980
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h e a t  c a p a c i ty  m o d era tin g  th e  ch an g es o f te m p e ra tu re  a t  th e  E a r th ’s su rface . 
T h e  m ig h ty  liquid  sphere  a n d  c o n se q u e n tly  th e  m a in ly  h o riz o n ta l flow  sy stem  
a re  sp e c ia l ly  ch a rac te ris tic  fo r  th e  E a r th ’s su rface , to o .

G ra v ity , surface te m p e ra tu re  an d  th e  m o lecu la r w eig h ts  o f  th e  com pounds 
o f  th e  o u te r  spheres o f p la n e ts  p re sc rib e  m ain ly  th e  ch an g es in  m ass an d  com po­
s i t io n  o f  p lan e ts . T he a c c u m u la tio n  o f w a te r is a  consequence  o f th e  g ra v ity  
p o te n t ia l  and  of th e  su rface  te m p e ra tu re  o f th e  E a r th  th e  la s t  be ing  d e te r ­
m in e d  m a in ly  by  th e  so la r d is ta n c e .

T h e  w ater-rock  in te ra c tio n s  c rea te  th e  a fo re -m en tio n ed  special te r re s tr ia l  
p h a se s , c lay  and  re la ted  m in e ra ls  ch a rac te rized  b y  h ig h  abso rb in g  c a p ac ity . 
T h e  f in e  d ispersed sy stem  o f  c la y  o r re la ted  m in e ra ls  a n d  th e  so lu tions form  
th e  th r e e  o r even m ore p h a se  d ispersions w here th e  v e lo c ity  o f th e  d isperse  
p h a s e  is decreased  b y  a b o u t 10 o rd e r  of m ag n itu d e  as c o m p ared  w ith  s tr ip  B.

T h is  slow m otion , m o s tly  d iffu sion , enable  re a c tio n s  even  w ith  changes o f  
th e  m o le c u la r  s tru c tu re  d e p e n d in g  n o t only on  te m p e ra tu re  an d  p ressu re , b u t  
c h ie f ly  a lso  on co n cen tra tio n  o f  th e  com ponen ts.

C la y  m inerals as lu b r ic a n t  and  as s te a d ily  ch an g in g , tran sfo rm in g , 
d ec o m p o s in g  and  re ju v e n a tin g  p h ases  produce  a  so fte n e d  an d  u n in te r ru p te d  
cy c le  s y s te m  a t th e  E a r th ’s su rface .

S u b seq u en tly  to  th e  a c c u m u la tio n  of w a te r  a n d  th e  fo rm a tio n  o f  th e  clay  
cy c le , a  th ird  g rea t s tep  o f  t e r r e s t r ia l  developm ent is in d u ced , th a t  o f  th e  c o n ti­
n u o u s  p resence  o f o n e -d im en sio n a l organic m acrom olecu les. S ensitive C —C —C 
b o n d  a lip h a tic  chain  s t ru c tu re s  a re  freq u en t in  o th e r  ce lestia l bod ies, to o . 
S im ila r  m olecules and  th e ir  d e riv a tiv e s ,h o w e v e r , m a y  be  co n tin u o u sly  p rese rv ed  
o n ly  in  th e  low velocity  c o m p le x  disperse w a te r  sy s te m  u n d e r  th e  so ftened  
r a d ia t io n  an d  m otion  sy s te m  o f  th e  E a r th ’s su rface . Cyclic changes o f  energy  
m a in ly  o f  so lar o rig in  a n d  o f  th e  re la ted  an o rg a n ic  chem ica l reac tio n s  a t  
th e  E a r t h ’ surface p ro d u ce  reac tio n -se rie s  w ith in  th e se  m acrom olecu les, to o . 
T h e ir  re a c tio n s  are , h o w e v e r, accelera ted  b y  th e  e x trem e ly  h igh  specific  
s u r fa c e  o f  th e  sensitive u n id im e n s io n a l s tru c tu re  a n d  becom e ev en  m ore 
a c c e le ra te d  by  th e ir  b en d s  a t  c e r ta in  critica l p laces , p ro d u c in g  th e  c a ta ly s t-  
e n z y m  m echan ism . T he re a c tio n -se rie s  of th e  v e ry  lo n g  m olecules re f le c t reg u la r 
e n v iro n m e n ta l changes b y  m o lecu la r coding a n d  th e n  a u to m a tic a lly  as a 
s y s te m  a lre a d y  q u a s i- in d e p e n d e n t o f  th e  s lig h t m o m e n ta ry  effects.

I n  th is  w ay th e  se lf-g o v e rn ed  b iochem ical s y s te m  is p ro d u ced . T h e  b io ­
lo g ic a l sy stem s em erge fro m  th e  slow  realm  o f s tr ip  C, fo rm in g  a ve lo c ity  b ridge  
b e tw e e n  s trip s  C and  B . L iv in g  system s g ra d u a lly  in v a d e  th e  in te rz o n a l a rea  
b e tw e e n  th e  strips B  — C, q u i te  “ im p assab le”  so fa r  fo r an o rg an ic  p h en o m en a .

M a n y  new reac tions a p p e a r  in  the  m u ltice llu la r o rg an ism  since a b o u t one 
b il l io n  y e a rs  and  on th e  c o n t in e n ts  since a b o u t 400 m illion  y ea rs . F u r th e r  
v e lo c i ty  increase w as p ro d u c e d  b y  th e  d ev e lo p m e n t o f  th e  v a scu la r  flow  
s y s te m  o f  th e  p rim ary  m e ta b o lism  and  b y  th e  c o n d u c tiv ity  of th e  e lo n g a ted
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cells o f  th e  n eu ro n  sy s tem . C o n d u c tiv ity  b y  e lec tro n  tra n sfe r  in  th e  neu rons 
re p re se n ts  a new  fa r-reach in g  biological in v e n tio n . V elocity  w as in c reased  so 
fa r  b y  m orpho log ica l changes using C -strip  chem ica l a ttra c t iv e  force. N ow  a 
p e c u la r ity  o f  s tr ip  A ,  th e  e lectric  c o n d u c tiv ity  is jo ined  to  th e  b iochem ical 
processes avo id ing  th e  a t tra c t iv e  g ra v ity  forces o f  s tr ip  B. T h e  m ax im u m  
v e lo c ity  o f  n eu ra l co n d u c tio n  in  h igh m am m als  a t ta in s  ab o u t 100 m /sec.

S h rin k in g  o f  tim e  o r/a n d  au g m e n ta tio n  o f  space  p a ra m e te rs  a re  th e  m ost 
p a r tic u la r  ab ilities  o f  b io logical system s. L ife  is cha rac terized  b y  th e  d ia lec tic  
u n ity  o f tw o  o p p o site  processes: th e  m a in te n a n c e  o f  th e  biological cycle  system  
an d  th e  acce le ra tio n  o f  in te rn a l reac tio n s.

T h e  u n id im en sio n a l f ib re  s tru c tu re  o f  th e  o rganic  m acrom olecu les com ­
b in ed  w ith  A T P re su lts  in  a v e ry  ac tive  h ig h  energy  level. I t  is su ita b le  for 
acco m o d atio n , ev en  fo r chang ing  e n v iro n m e n t. Life e x tra c ts  C 0 2 fro m  th e  
(N H 4)2C 0 3 o f th e  p r im a ry  ocean w a te r  an d  p ro d u ces C aC 0 3 since m ore  th a n  
th re e  a n d  a h a lf  b illio n  y ea rs . T he fine  la m in a te d  o rganosed im en t, s tro m a to lite , 
a p ro d u c t m a in ly  o f  filam en to u s  b lue-g reen  a lgae is know n a lre a d y  from  
2.6  x lO 9 years  o ld  lim esto n es). T he sy n ch ro n o u sly  released am m o n ia  fo rm s N 2 
an d  to g e th e r  w ith  th e  b io p ro d u c t 0 2 i t  p ro d u c e  g rad u a lly  th e  spec ia l recen t 
te r re s tr ia l  a tm o sp h e re . A consequence o f th is  a tm o sp h ere  is th e  e v o lu tio n  o f 
th e  co n tin en ta l life a n d  th e  h igh grade in fo rm a tio n  system s o f M an.

T h u s  ev o lu tio n  processes are esp ec ia lly  s ig n ifican t in  s tr ip  C.
Biological ev o lu tio n  rep resen ts  new  a d a p ta tio n s  to  th e  e n v iro n m e n ts  by  

im p ro v in g  a u to m a tism  an d  abilities. I t  is co n n ec ted  w ith  th e  in c rease  o f  th e  
ex p ed ien t codes in  th e  chrom osom es, an d  d u e  to  ev e r new in fo rm a tiv e  a u to m ­
a tism s.

Social ev o lu tio n  is a re su lt o f th e  d iffe re n ta tio n  o f w orks ( trad es) a n d  th e ir  
re la tio n s , d iscussed  in  th e  p a p e r  “ System theory and cyclicity relation”  o f  th is  
vo lum e.

T hese m ain  grades o f  evolution m ay  b e  ch a rac te rized  b y  th e  follow ing 
a d d itiv e  p ecu la ritie s  to  th e  fo rm er ones:

— Com m on ce lestia l bodies: g ra v ita tiv e  d iffe ren tia tio n ,
— E a r th ’s n e a r-su rfac e : d iffusion c h e m is try ,
— L iv ing  sy s te m s : se lf-rep roduc tion , acce le ra ted  an d  coded  reac tio n - 

series, w ith  i  feed -back , in fo rm a tio n , d is tin c tio n  o f  v a lu es ,
— H u m a n  so c ie ty : d iffe ren tia tio n  o f  t r a d e s , collective code sy stem s of 

in fo rm a tio n , e .g . languages.

T he spiral line o f  evolution is th e  r e s u lta n t  o f  reversib le  cyclic a n d  tra n s la -  
tu re  forces o f  h ig h e r  h ie ra rch ic  levels. ( J .  H o r v Lt h  and  T . J e r m y  in  th is  
vo lum e.) E v o lu tio n  m a y  be  ch a rac te rized  q u a n ti ta t iv e ly  in  th e  sp ace -tim e  
d iag ram  describ ing  ro ta t io n  a ro u n d  a g iven  p o in t o f th e  s tr ip  В  o r  C an d  
sy n ch ro n o u s  sh if t q u as i-p a ra lle l to  th e  s tr ip .
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E v o lu tio n  is an  in c rease  o f  th e  co m p lex ity  o f  a cycle process c h a ra c te r iz e d  
b y  s lo w  en erg y  increase, a n d  in te rn a l  space  a n d  tim e  changes. S im ple  p h ase  
t r a n s fo rm a tio n , e.g. a p o ly m o rp h ic  tra n s i t io n  acco rd in g  m ostly  to  p t-ch an g es  
do es n o t  rep re sen t ev o lu tio n . E v o lu tio n  is m o s tly  — perh ap s even  a lw ay s — 
c o n n e c te d  w ith  th e  ch em ica l ch an g e  o f th e  sy s te m , i.e . w ith  a ch an g e  in  con­
c e n t r a t io n  o f  th e  co m p o n en ts . I t  is n o t a ch an g e  a t  ran d o m . I t  dep en d s on  th e  
p a s t  o f  th e  system , to o , w h ic h  ta k e s  ac tiv e  p a r t  in  th e  evo lu tion . I f  changes 
e x c e e d  a d e fin ite  lim itin g  v a lu e , new  cycles are  fo rm ed  from  th e  o ld  ones 
( tra n s fo rm a tio n )  and  th e  e v o lu tio n  m ay  e v e n tu a lly  pass in to  re v o lu tio n  (see 
a lso  th e  m en tio n ed  p a p e r  in  th is  volum e).

6. I n te ra c t io n s  of D ifferen t M o tio n  System s. C om m ensurah ility  an d  R eso n an ce

In te ra c tio n s  within the same strip  are  re p re se n te d  b y  th e  h ie ra rch ic  in tra -  
p o s it io n s  an d  superp o sitio n s o f  rh y th m s  a n d  cycles discussed m a in ly  in  th e  
p a p e r  “ System  theory and cyclicity relation'1'’ o f  th is  volum e.

In te ra c tio n  and  u n ila te ra l  e ffect b e tw een  different s trip s  are m a x im u m  if  
th e i r  m o tio n s  are sp a tia lly  o r  te m p o ra lly  co m m en su rab le , i.e. in  th e  case  o f 
re s o n a n c e  sensu la to . U n ila te ra l  effect ap p ea rs  i f  energies co m m en su rab le  in  
sp a c e  o r  tim e  are n o t co m m en su rab le  in  in te n s i ty  (e.g. ra d ia tio n  en e rg y  o f  Sun 
a t  ch lo ro p la s ts ) .

In te ra c tio n s  be tw een  s t r ip s  В  and  C a re  esp ec ia lly  com plex i f  o b je c ts  are  
in  d i r e c t  co n ta c t, e.g. a t  b o rd e rs  o f  th e  a tm o sp h e re , hy d ro sp h ere , b io sp h e re  and  
l i th o s p h e re . These in te ra c tio n s  a re  top ics  o f d iffe re n t geosciences, esp ec ia lly  o f  th e  
g e o n o m y . I n  th e  rem o te  in te ra c tio n s  b e tw een  d iffe re n t s trip s  th e  te m p o ra l 
a n d  s p a t ia l  resonance p h e n o m e n a  are  sp ec ia lly  un am b ig u o u s. E x a m p le s  for 
t e m p o r a l  (frequency) re so n an ces  sensu stribto a re  w ell know n. M ax im u m  and  
m o s t ly  com plex  sp a tia l re so n a n c e  appears i f  th e  s tr ip  A  w av e len g th s  a n d  th e  
s t r ip  В  b o d y  m easures a re  co m m en su rab le . In te ra c tio n s  a lready  are k n o w n  b e ­
tw e e n  v e ry  h a rd  X -ray s a n d  n u c le i (Mo ssb a u e r , e ffect). S trip  A  o sc illa tio n s  of 
g r e a te r  w av e leng th  are  also  m a in ly  g en era ted  b y  s tr ip  В  m echanical o b je c ts  w ith  
sp a c e  d im ensions o f s im ila r o rd e r  o f m ag n itu d e . E .g . rad io ch em is try  a n d  p h o ­
to c h e m is t ry  rep resen t m o s tly  in te ra c tio n s  o f  s im ila r  space dim ensions b e tw een  
s t r ip s  A  a n d  B. B etw een s t r ip s  A  an d  C a re  also c lea r resonances d e p en d in g  on 
th e  a p p ro x im a te  c o m m e n su ra b ility  o f th e  s tr ip  A  w aveleng th  and  th e  s tr ip  C 
d im e n s io n s  o f biological o b je c ts . E .g . ass im ila tio n  is due  to  th e  ro u g h ly  co m m en ­
s u ra b le  w aveleng th  of so la r ra d ia t io n  w ith  th e  s t ru c tu re  elem ents o f  ch lo ro p h y ll. 
C o m m e n su ra b ility  is su p p o se d  b e tw een  b io log ica l rh y th m s  of an im a ls’ pu lse , 
r e s p i r a t io n  and  th e  te r r e s tr ia l  m ic ro p u lsa tio n s (D r is c h e l l  1974, A u th o r  1974, 
r e s e rv a t io n  against: V erő  in  th is  vo lum e). T h e  sen so ry  s tru c tu re s  o f  th e  eye 
is co m m en su rab le  w ith  th e  m o s t in ten se  w a v e le n g th  o f so lar ra d ia tio n  a t  th e  
E a r t h ’s su rface . Cancer m a y  be  p roduced  b y  ra d ia t io n  com prising  w a v e le n g th
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fro m  3000 to  3200 Â an d  2500—2600 Â , e m itte d  by  m any  c a rc y n o g e n  foods 
a n d  chem icals ( I l l in g w o r t h  1976) an d  com m ensurab le  w ith  th e  ch ro m a tid e  
a n d  th e  m ith o tic  a p p a ra tu s , i.e. w ith  th e  o rg an e lla  re la ted  to  th e  ca rcy n o g en ic  
h y p e ra c tiv ity . M oreover, th e  ca rcy n o m a  is re la te d  b y  a te m p o ra l re so n an ce  to  
th e  m en tio n ed  u ltra v io le t  ra d ia tio n , to o . T h e  carcynogenic w a v e le n g th  co rre ­
sp o n d s  in  s tr ip  C to  102 to  104 sec, i.e . som e m in u te s  to  180 m in u tes  a n d  th is  tim e 
in te rv a ls  co rresponds to  th a t  o f  th e  m a in  p h ases  o f th e  m itogenesis  (p ro p h ase  
90 m in , m e tap h ase  20 m in , an ap h ase  5 to  10 m in , te lophase  40 m in ). C arcyno- 
gene a re , how ever, e.g. h a rd  X -ra y s , to o , com m ensurab le  w ith  th e  f in e  com ­
p o n e n ts  o f th e  ch ro m a tid es .

C o m m en su rab ility  ex ists  b e tw een  s tr ip  В  a n d  C, too , e.g. a u d ib ile  a re  sounds 
ro u g h ly  com m en su rab le  w ith  th e  d im en sio n s o f  m am m al o rg an ism  a n d  organs.

C om m en su rab ility  ru le  m ay  be  e s ta b lish e d  as a guiding p rin c ip le  fo r  p u r­
p o se fu l selection  o f  b io logical ir ra d ia tio n s . T h e y  are in flu en ced , h o w ev e r, by  
p h y s ic a l ab so rp tio n , b y  d ependence  on  sp eed  re la tio n  — as in  th e  ca se  o f  sound 
ex p lo sio n  and  T se ren k o v  ra d ia tio n  — a n d  b y  m a n y  o th e r fa c to rs , to o .

T h e  w av e len g th  to  b o d y  m easu re  co m m ensurab ilities  are  a  q u ite  new 
a n d  sig n ifican t te r r i to ry  o f  researches.

T here  a re  a t  le a s t f iv e  k in d s  o f  re so n a n c e : 1. th e  w ell-know n tim e resonance 
c h a ra c te r iz e d  b y  th e  co m m en su rab ility  o f  th e  frequencies, a p p e a r in g  in  th e  
tim e-sp ace  d iag ram  b y  d irec tio n s p a ra lle l to  th e  space ax is. 2. Space resonance 
c h a ra c te r iz e d  b y  th e  co m m en su rab ility  o f  space  m easures (m a in ly  w av e len g th s  
a n d  b o d y  d iam e te rs), a p p ea rin g  in  th e  d ia g ra m  along  paralle ls to  th e  t im e  axis. 
3. T h e  hierarchy resonance m a in ta in in g  th e  co o p era tio n  be tw een  th e  d iffe ren t 
h ie ra rc h ic  levels o f  sy stem s a n d  fu n c tio n in g  p a ra lle l to  th e  fo u r m o tio n  strip s  
A , B , C, D. 4. T h e  velocity resonance b e tw e e n  th e  fou r s trip s  ex p re sse d  b y  th e ir  
v e lo c ity  re la tio n  o f  1 : 2 : 4 : 8 o rd e r  o f  m a g n itu d e . This re so n a n c e  appears 
in  th e  space-tim e d iag ram  in  th e  d ire c tio n  p e rp en d icu la r to  th e  s tr ip s .  5. The 
“fiv e  order”  space parameter resonance ex p re ssed  b y  th e  fiv e  to  s ix  o rd e r of 
m a g n itu d e  space a n d  tim e  coincidences o f  th e  m a in  cosmic sy stem s (see th e  nex t 
c h a p te r ) .

R esonances a re  governed  b y  th e  la w  o f th e  harm onics w h ich  b y  m eans 
o f  sim p le  w hole n u m b e r re la tio n  o f  th e  freq u en c ies  q uan tifies n o t o n ly  th e  w ave 
m o tio n s , b u t  also th e  fo rm a tio n  o f m ic ro -p a rtic le s , th e  fu n c tio n s  o f  m ac ro ­
o b je c ts , th e  system s o f h u m a n  an d  cosm ic m easu res. The d e ta ils  fo r  p a rtic le s , 
a n d  fo r  cosmic a n d  h u m a n  system s a re  d iscussed  in  th e  n e x t th re e  p a p e rs ,  for 
geological p h en o m en a  an d  th e ir  cosm ic re la tio n s  in  th e  book b y  B e n k ő .

T h u s, U niverse  is a u n ifo rm  m o tio n  sy s te m  governed  b y  re so n an ce  re la tio n s . 
S ince th e  in ten s itie s  (am p litu d e) o f re so n an ce  phenom ena a re , h o w e v e r, de­
sc rib ed  b y  G aussian  curves o f d iffe ren t sh ap es  an d  synchronously  c o u n tle s s  fac to r 
a re  w o rk ing , th e  co rrespondence  o f  th e  cycles a n d  rh y th m s is n o t  e x a c t . There 
a re  d iscrepancies — d is to rtio n s , p o s tp o n e m e n ts , d ifferen t k in d s o f  h y s te re s is ,
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om issio n s — b o th  in  t im e  a n d  space, o b scu rin g  th e  fu n c tio n  o f th e  u n iv e rsa l 
re so n a n c e  re la tio n s.

T h e  resonance s t r u c tu r e  o f  th e  e le m e n ta ry  p a r tic le s  is de te rm ined  b y  th e  
(m  8") re la tio n  (m — 1 . . .  7 , n  =  1 . . .  6) a c c o rd in g  to  th e  n ex t p a p e r  o f  th is  
v o lu m e . W ith  th e  in c rea se  o f  th e  space q u a n ta  (i.e . th e  “ elem ents”  o f  th e  p a r ­
tic les) th e  n u m b er o f  th e  re so n an ces increases d e c re a s in g  th e ir  in ten sitie s . T h u s , 
th e  (m  8") re la tio n  does n o t  a p p e a r  in  m ac ro sy stem s.

P re su m a b ly  th e  p h y s ic a l in te rac tio n s a re  a lso  governed  by  th e  u n iv e rsa l 
re so n a n c e  re la tio n . P h y s ic a l in te ra c tio n s  re p re s e n t ch an g es of energies, im pu lses 
an d  m o m en ts  b e tw een  d iffe re n t k inds of m a t te r ,  i.e . betw een cyclic a n d  
rh y th m ic  m otions o f  th e  s tr ip s  and  bridges (F o r  th e ir  in te rp re ta tio n  see th e  
tw o  n e x t  papers o f th is  v o lu m e .)

I n  s tr ip  C occu r m a in ly  chem ical p h en o m e n a . P h y sica l effects a re  t r a n s ­
m i t te d  to  s tr ip  C m a in ly  b y  th e  co m m e n su ra b ility  re la tio n .

A ccord ing  to  th e  classic  v iew  in  th e  U n iv e rse , th e  to ta l  mass o f  m a t te r  is 
c o n s ta n t ,  m asses o f  ea c h  le v e l in  th e  m ost s im p le  case being also c o n s ta n t;  
■M =  N (2r)3Q, th o u g h  th e  n u m b e r  and  th e  m asses o f  th e  elem ents w ith in  th e  
level m a y  change. In  q u an tu m -m ech an ics  th is  is n o t  v a lid , partic les are  e m itte d  
o r  a b so rb e d  b y  n u c lea r  re a c tio n s , photons b y  e le c tro m a g n e tic  in te rac tio n s , e tc . 
T h e re fo re , th e  v acu u m  o f  d iffe re n t levels is e x c h a n g e ab le , i t  is collective fo r t h e  
U n iv e rs e . A ccord ing  to  th e  n ew  cosm ology o f  D ir a c  even  th e  n u m b er o f  th e  
p ro to n s  th u s  th e  m ass o f  th e  m a tte r  of th e  U n iv e rse  increase  by  th e  d ila ta tio n  
T h is  is co rro b a ted  also b y  th e  cycle conception , see p . 83. “ Cyclicity an d  C osm ol­
o g y ” ). I n  th is  w ay, th e  m ass o f  th e  h ierarch ic  lev e ls , o r a t  least th a t  o f  c e r ta in  
leve ls  also  increases: i t  is su b m itte d  to  a cosm olog ica l evolution.

I n  th is  view  th e  law  o f  th e  in d e s tru c ta b ili ty  (“ s ta b ili ty ” ) o f m a t te r  is 
v a lid  w ith in  th e  U n iv e rse , to o , b u t  a t th e  su rfa c e  o f  th e  d ila ta tin g  U n iverse  
new  m a te r ia l  is fo rm ed  b y  th e  tra n s fo rm a tio n  o f  in a c tiv e  space  q u a n ta  in to  
r o ta t in g  ones (see th e  n e x t  p ap er).

G ra v ity , chem ical fo rces , n uclear forces c h a ra c te r iz in g  s tr ip s  B , C a n d  D  
re p re s e n t a ttra c tiv e  fo rces. T h ese  strips are  c h a ra c te r iz e d  b y  ro ta t in g  space  
q u a n ta  fo rm ing  g en e ra lly  th e  pa rtic le s  of th e  m e c h a n ic a l m a tte r . T h e ir  sy m ­
m e tr ic  o r  para lle l ro ta t io n  p ro d u ces a ttra c tiv e  o r  rep u ls iv e  forces. E le c tro m a g ­
n e tic  osc illa tions, e sp ec ia lly  th e  h e a t of th e  s tr ip  A  realize  m ain ly  rep u ls iv e  
fo rces. T h e  opposite  fo rces c re a te  one a n o th e r.

A t th e  scale o f  th e  U n iv erse  m u tu a l c re a tio n  m a y  be de linea ted  b y  th e  
B ig -B a n g  m odel. F ir s t  a t  m ax im u m  h ea t rep u ls iv e  force prevails. B y  d ifferen- 
t a t io n  o f  m a tte r  in to  p o s itiv e -  and  n eg a tiv e -ch arg ed  partic les th e  a t t r a c t iv e  
fo rces , a re  s tre n g th e n e d , to o . T h u s, th e  jo in in g  o f  m a t te r  and  th e  fo rm a tio n  
o f  ce le s tia l bodies are  e n a b le d . S trip s В  and  C a p p e a r  an d  th e  realm s o f  a ll fo u r 
s tr ip s  ex p an d . R ep u ls iv e  fo rces function , h o w e v e r , below a c h a ra c te r is tic  
m in im u m  space d im en sio n  w ith in  these  s tr ip s , e x c e p t b lack  holes. C oncern ing
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fu r th e r  d ev e lo p m en t o f  th e  U niverse, tw o  m a in  k inds o f p o ss ib ilitie s  m ay be 
p o s tu la te d : 1) th e  p e rm a n e n t c o n tin u a tio n  o f  th e  expansion , i.e . a  non-cyclic 
U niverse  in  th e  u n iv e rsa l cyclic ity  d iscussed  b y  Gy . P aál in  th is  vo lum e, 2) 
th e  tu rn  h ack  o f  th e  ex p ansion  in to  c o n tra c tio n , i.e. an  ev e r p u lsa tin g  U ni­
verse  d iscussed in  th e  p ap ers  p . 83. an d  b y  Cl u b é  in  th is  v o lu m e .

7. H iera rch y  and  In te rd isc ip lin a rity

Superim posed  m in o r an d  m a jo r cycles re p re se n t successive  “ o rgan i­
sa tio n  levels”  acco rd in g  to  th e  h ie ra rch ic  sequences (see th e  p a p e r  b y  D udich  
in  th is  volum e). T h e  seq u en ce  cell-tissue-o rgan-organ ism -life  com m u n ity -b io - 
sphere  rep re sen t th e  h ie ra rc h y  o f  liv ing  sy s tem s. A to m -m olecu le -crysta l-rock - 
p la n e ta ry  sp h e re -p la n e t form s one o f th e  o rg an ic  h ierarch ies .

F o u r  m ain  s tag es  o f  th e  h ierarch ic  ev o lu tio n  in  s tr ip t  В  m a y  be  d iscerned:
1. Cosmic nebulae consist o f “ p la sm a”  accord ing  to  th e  e x tre m e ly  low 

p ressu re , d isp e rs ity  a n d  d e n s ity  a t  2.7° to  20° K .
2. Stars acco rd in g  to  th e ir  very  h igh  te m p e ra tu re  o f m illion  degrees are 

m ain ly  in  p lasm a s ta te .
3. Heavy stars (w h ite  dw arfs, n e u tro n  s ta r s , b lack  holes) w ith  ex trem ely  

h igh  p ressures, d en sitie s  an d  d iffe ren t te m p e ra tu re  values a re  assum ed  to  
consist p a r tly  o f  n e u tro n s , fo rm ed from  p ro to n s  an d  elec trons u n d e r  h igh  p res­
su re , even  o f co llapsed  p artic les .

4. Planets and satellites consist o f  (su b )n u c lea r p a rtic le s  fo rm in g  atom s, 
m olecules, c ry s ta ls , ro ck s , f in a lly  com plex  (flu id  -f- solid) p la n e ta ry  bodies, 
accord ing  to  th e ir  te m p e ra tu re  betw een  a b o u t 20° to  10 000° K .

T he biological systems to g e th e r w ith  th e ir  p a rtic u la r ly  h ig h ly  d ifferen­
t ia te d  h ie ra rch y  ro u g h ly  delin ea ted  b y  th e  p resence  of th e  liq u id  H 20  are  in ­
co m p arab ly  less in  m ass  an d  in  te m p e ra tu re  ran g e . T he h ie ra rc h ic  s tru c tu re s  
o f  th e  bio logical sy s te m  ap p ea rs  in  s tr ip  C.

T he old an d  a lw ay s rev iv in g  a sp ira tio n  to  sy n th e tize  know led g es b y  in te r ­
d isc ip lin ary  resea rch es m a y  he  fu rth e red  b y  sy s tem a tic  in v e s tig a tio n s  o f  all 
sy stem s o f h ie ra rch ies .

B y  th e  exp losion  o f  in fo rm atio n  new  necessities fo r in te rd isc ip lin a ry  su r­
veys a re  b o rn . I t  is b e liev ed  th a t  w ith o u t su ch  a su rvey  science m a y  grow  too 
confused  and  th e  v a lu e  o f  m an y  specialized researches will becom e q u estionab le . 
S ystem  th e o ry  is re g a rd e d  as a possible m e th o d  fo r th e  gen era l c o rro b o ra tio n  
o f  in te rd isc ip lin a ry  resea rch es. This vo lum e co n ta in s  a p a p e r  (b y  E , Szűcs) 
discussing th e  lim its  o f  th e se  asp ira tio n s, to o . H ow ever, n o t a lone  th e  research  
o f  sy stem  th e o ry , b u t  t h a t  o f  th e  h ie ra rc h y  o f  system s re q u ire  e lu c ida tion .

F irs t , le t us e n u m e ra te  an  a p p ro x im a te  sequence o f th e  an o rg an ic  and 
bio logical h ie ra rch ic  levels o r system s (F ig . 4) an d  c h a ra c te riz e  th e se  levels 
and  th e ir  e lem ents b y  th e  m ost decisive p a ra m e te rs .
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Peculiarities o f m a c ro sy s te m s  m ay  be describ ed  b y  12 in d ep en d en t g roups 
o f  p a ra m e te rs ,  called cycle p a ra m e te rs  (see th e  p a p e r  “ S y stem -th eo ry  a n d  Cyclic­
i t y ”  in  th is  volum e). F o u r o f  th e s e  p a ram ete rs  d esc rib e  th e  m ain  p a r tic u la r itie s  
o f  th e  lo w er level o f h ie ra rc h y  o f  w hich th e  sy s te m  consists, 2 p a ra m e te rs  
c h a ra c te r iz e  th e  own m o tio n s  w ith in  th e  system  a n d  6 p a ra m e te rs  th o se  o f  th e

о  space  quan tum ; (l) electrom agn. oscillation; @ particle: 3 a tom ; 4 molecule; 5 crystal; 
6 rock ; 7 p lanetary  sphere, sa te llite ; 8 p lanet; 9 star. 10 p lan e ta ry  system ; 11 s ta r  c lusters; 
12 G a lax y ; 13 M etagalaxy; 14 U niverse ; 15—16 organic m egam olecule; 17 organellum ; 18 cell; 

19 tissue; 20 o rg an ; 21 organism; 22 popu la tion ; 23 sta te

F ig . 4. T he m ain objects and m ovem ents. O bjects and system s being motions (processes) are also 
rep resen ted  by  the space and tim e param eters diameter and  average life time (i.e. reciprocal 
frequency). The description of a h ierarch ic  level requires 5 independent cycle param eters a t  least 
(see th e  te x t) . B ut systems belong to  th e  same higher level and  consist of similar elem ents (i.e. 
low er levels), thus are sufficiently rep resen ted  by their own space- and  tim e-param eters

n e x t  h ig h e r  levels in flu e n c in g  d ire c tly  th e  sy stem  a n d  th e  d isp e rs ity . T h u s , th e  
m in im u m  n um ber o f m o tio n s in c rea se s  ad d itiv e ly  b y  6 u n its  ad v an c in g  to  th e  
n e x t  lo w e r  level (see ta b le  p . 28).

T h e  co lla teral b io log ica l sequence  b ra n c h e so ff  from  the m ain  ano rg an ic  
s e q u e n c e  a t  th e  level o f th e  m o lecu le  and “ re tu rn s”  a t  th e  level o f p la n e t (E a r th )  
to  th e  m a in  sequence.

A lre a d y  a firs t a p p ro x im a te  descrip tion  o f  th e  u n iv e rsa l h ie ra rch ic  s tru c ­
tu r e  b y  o rd e rs  of m ag n itu d e  re q u ire s  5 in d e p e n d e n t p a ra m e te rs  fo r each  level
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a t le a s t: th e  m in im u m  n u m b er o f  m o tio n  N m, th e  num ber o f th e  e le m e n ts  (sys­
te m s)  o f  th e  levels: N e, th e ir  average d ia m e te r  2 r, th e ir  av erag e  d en sitie s  q, 
an d  th e  average  free place o f each e lem en ts  fte.'3

T ab le  1. co n ta in s  th ese  5 in d e p e n d e n t cycle  p a ram e te rs  from  th e  12 o n es .9 10 
(The 6 t h  p a ra m e te r :  m ass (M ) is n o t in d e p e n d e n t M  =  N m(2r)3 q). Som e p a ra m ­
e te rs  a re  co rre la ted , how ever, w ith  th e  ne ig h b o u rin g  levels. T h e  av erag e  
vo lum e o f th e  free p lace  #  is d ep en d en t, e.g . also from  th e  volum e p a ra m e te rs  of 
th e  n e x t  low er (i — 1 ) level, beside th e  o w n  av erag e  d iam ete r a n d  n u m b e r  of 
e lem en ts:

# =  (2r)3-2V e[(2r,_1)3 +  i?i_ J .

T h e o re tic a lly  a ll levels, i.e. sy stem s a re  fo rm ed  by  th e  m u ltip lic a tio n  of 
th e  n e x t  low er level — becom ing su b -sy s tem s o r elem ents of th e  n e x t  h igher 
one — w ith  a synch ronous q u a lita tiv e  c h an g e  ch arac terized  b y  a  new  se t of 
a d d itiv e  m o tions, beside  those  o f th e  e lem en ts .

S y stem s re p re se n t developing u n its  a n d  th e  tw elve cycle p a ra m e te rs  
describe  th e  s ta te  o f  th e  system  in  a  g iv en  m o m en t o f th e  R  ro ta t io n  n u m b e r. 
A n e x h a u s tiv e  d esc rip tio n  o f a sy s tem  c o n ta in s  th a t  of its  d ev e lo p m e n t, too , 
b y  th e  co n tin u o u s  cu rves o f cycle p a ra m e te rs  in  th e  function  o f tim e . T h e  r ig h t 
p la n n in g  o f  a rtif ic ia l system s is a m odel c o n s tru c tio n  o f th e  12 cycle  p a ra m e te r  
cu rv es .

I n  th e  la s t m illion  y ears  m an  an d  h ie ra rc h y  o f artificial systems a re  d evel­
oped  b y  th e  m ig h ty  g row th  o f th e  h u m a n  o b se rv in g -tran sfo rm in g -re flec tin g  
sy s tem s. T h is t r in i ty  o f  ab ilities p ruduces th e  sy stem s of in s tru m e n ts  (techn ics) 
a n d  o f th e  re flec tio n  (religions —*• a r ts  —► sciences), i.e. th e  d u a lity  o f  th e  h u m a n  
a rtif ic ia l an d  tran sfo rm in g -re flec tin g  po w er. T h e  h ierarch ies o f th is  a r tif ic ia l 
d u a lity  d iffer from  th e  p reced ing  “ n a tu r a l  sy s tem s”  m ain ly  b y  th e  sm aller 
n u m b e r o f  R  and  b y  th e  ap p earan ce  o f th e  h ig h ly  specialized d if fe re n tia tio n  
o f  th e  self-conserv ing  p ro p e rty  o f  th e  cycles: “ purpose”  (“ a im ” ) and  
“ v a lu e”  (see th e  p a p e r  “ S ystem  th e o ry  a n d  C yclic ity”  in  th is  v o lu m e .)

A ccord ing  to  th e  presence or absence  o f  free  space (e.g. v a c u u m ) w ith in  
th e  level, th e  u n iv e rsa l anorganic  h ie ra rc h y  sequence  is d iv ided  in to  fo u r  m ain  
p a r ts :  tw o  tight g roups o f levels w ith o u t s ig n if ic a n t free p lace a n d  tw o  wide 
ones w ith  p re d o m in a tin g  free space. M ic ro p artic le s  form  six tight lev e ls , chem -

9 The determ ination  of these param eters for elem entary  particles is enabled b y  th e  model 
o f  th e  progressive setting  up  of the particles according to th e  nex t paper. Each elem ent form s a 
system  consisting, of elem ents i.e. “ sub-system s” w hich represent the systems o f  th e  n e x t lower 
level.

10 The N e param eter appears in a more com prehensive description (System  th eo ry  and 
cyclicity in  th is volume) regarding the form types of elem ents, too, as (n -j- u) p a ram ete rs  and 
the N m param eter as th e  q co-ordinates of the elem ents.
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The main inorganic hierarchy

All numbers represent approximative values m ^  10’ M = Nf(2r)> Q

Level
(i) Minimum 

number of 
additive 

motion types

, N< Average
number of 

the elements 
(subsystems)

2 г
(cm)

Average diameter of the 
level

0
( s i  cm3)

Average density of 
the level

(cm*)
Average volume 
of the free space

(?)
Average mass of the level

15 Universe 6 10* 1028 Ю -a i 1084 1054
14 Supergalaxies 12 105 1027 ? 1054 i o 50

13 Galaxies 18 10” 1022 to  1023 3.5 • IO“ 21 1022 1045
12 S tars planet systems* 24 2 • 10’ 10" - 1013 2 • 1 0 -’2 1012 2 • 1033
11 Planets 30 10’ —10'° 0.7 —5.5 0 6 • 1027 (E arth)
10 Satellites 36 10’ 10’ to 10s - 0 .7 - 5 .5 0 1021

9 Planetal spheres (groups of rocks, etc.) (36 —)42 101 10" (0.7)2.5 -  8.0 ( < ) 0 IO10—1020
8 Rocks and fluid units (e.g. rivers, 

flows, magma masses) - 4 8 10’8 104 ( - 1 ) 2 .7 - 8 .0 0 3 -105
7 Phases, fluid or solid (e.g microm in­

erals, subflows, macromolecules) - 5 4 10’9 1 0 - ’ tolO- 3 - ( 1.2) -  20 0 1 -  10 • 103
6 Molecules 60 102 - i o - 7 - 1 1 0 -21 1 - 1 0  • 1 0 -22
5 Atoms 66 101 10-« - 1 (10-8)3 1 -1 0 0  • (1.67 • 1 0 -24)
4 Nucleons 72 123-83 l o - ’3 1.67 ■ 1016 0 1.67 • 10- 24
3 Electrons 78 83 < ;10-13 (rest mass) 0 0.91 • 10- 27
2 Neutrino 84 8 2 • 10 ~13 (rest mass) 0
1 Space quantum 90 - i o - 13 0

* Solar d iam eter =  1.39 • 10e km , Solar volume — 1033 cm3. Comets, m eteorites (unifying th e  levels 8 and 9), etc. are om itted.
The 10-13 cm diam eter represents the  vacuum  space quantum . The ro ta ting  space quan ta  forming th e  “ elem entary”  particles 

are dim inished by about 5 order of m agnitude in consequence of th e  nuclear force produced by the ir sym m etric ro tations. In  this vol­
um e, however, th is problem is no t dealt w ith.
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ical u n i t  ap p ea rs  in  2 wide, th e  m ac ro sy stem s includ ing  c e le s tia l bodies in 
5 light, cosm ic system s a t  le a s t in  4 ivide levels. (See th e  T ab le .)

T h ese  fo u r h ie ra rch ic  levels are  c o rre la ted  w ith  th e  4 u n iv e rs a l m otion 
ty p e s : s tr ip  D  ch a rac terizes  th e  m o tio n  ty p e s  o f  th e  6 levels o f  th e  m ic ro p a rtic ­
les, th e  m a in ly  d iffusive m otions o f  th e  2 o p en  chem ical levels a to m s  a n d  m olecu­
les in  one  a n o th e r  are  jo in ed  to  s tr ip  C, th e  5 closed levels o f  th e  m acrosystem s 
m ove acco rd in g  to  th e  s tr ip  B, an d  th e  o sc illa tio n s o f  s trip  A  o ccu r m a in ly  in  the 
free p laces  b e tw een  th e  elem ents o f  th e  a t  le a s t 4 levels o f th e  co sm ic  system s.

C onsidering  th e  h iea ra rch ic  levels o f  th e  m ain  un iversa l sy s te m s  a  space 
p a ra m e te r  d ifference o f  ab o u t 5 to  6 o rd e r  o f  m ag n itu d e  is o b se rv a b le , in  w hich 
also th e  m a n  (and  o th e r  liv ing  sy s tem s) can  be  f i t te d :  nucleon  1 0 -13  cm , a tom  
1 0 -8  cm , m acrom olecu le-m icrom inera l 1 0 ~ 3 cm , m an  102 cm , s a te l l i te s  107 cm, 
s ta rs  1 0 l2 cm , galax ies 1022—1023 cm , U n iv e rse  1028 cm . (S im ila r  re su lts  by 
G y . P a á l )

T h e  b ilo g arith m ic  space-time picture  is a u n iq u e  m eth o d  fo r  descrip tio n  
o f  th e  U n iv e rse ’s d iffe ren t p h en o m en a , fo r  reveal th e ir  e s se n tia l, b u t  often  
h id d e n  p ecu la ritie s  an d  re la tio n s . I t  allow s to  q u a n tita tiv e ly  co m p a re  and 
s y n th e t i te  th e  d iffe ren t p h enom ena  o f  o u r  b io logical, social an d  co sm ic  en v iro n ­
m e n t, s ince  i t  is based  on  th e  tw o p a ra m e te rs  space and  tim e  o f  m o tio n , i.e. on 
th e  essence o f  th in g s . T h u s  th e  sp ace -tim e  p ic tu re  is an  in s tru m e n t  o f  multU 
discip linary and interdisciplinary researches.

T h e  h ie ra rc h y  o f th e  d iffe ren t k n o w n  system s re p re se n ts  th e  cu rren t 
sc ien tific  v iew  o f th e  know ledges. D iffe re n t sciences are re p re s e n te d  b y  the  
d iffe re n t p a r ts  o f th e  h ierarch ies . S ta r t in g  from  th e  cycle c o n c e p tio n  even a 
quantified system o f the sciences m ay  be  g iv en  b y  th e  co n sis ten t p a t t e r n  o f  the 
h ie ra rch ies  in  th e  fu n c tio n  o f  space an d  tim e . T h is descrip tion  d iffe rs  from  the  
n o rm a l cycle v e lo c ity  d iag ram  on ly  b y  th e  h is to rica l h u m a n -c e n tr ic  in te rp re ta ­
tio n  o f  th e  tim e  b y  th e  rev ersio n  o f  th e  p h y sica l tim e  p a ra m e te r .
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СИСТЕМА С В Я З И  У Н И В Е Р С А Л Ь Н О Й  Ц И К Л И Ч Н О С Т И

Э. САДЕЦКИ-КАРДОШШ

Р е з ю м е

1. Я в л ен и я  В селенной в  сво ем  больш инстве — р и тм и ч н о  и ли  циклично — п о в т о р я ­
ю тся . Ри тм ичны е и ци кл и чн ы е  я в л е н и я  движ ений м о гу т  б ы т ь  едино количественно о п р е ­
дел ен ы  зн ач ен и ям и  скоростей . Н а  основании этих зн ач ен и й  ско р о стей  м огут бы ть вы деле­
ны  4. ф о р м ы  движ ения, к о то р ы е  н а  логариф м ических д и а гр а м м а х  простр ан ства— врем е­
ни  п р о я в л я ю т с я  в форме л и н е й н ы х  полос. В этих п о л о с ах  сгу щ ен ы  основные п роц ессы  и 
я в л е н и я  В селенной (рис. 1).

2 . В ы деление эти х  ч е т ы р е х  форм движ ения о б о сн о в ы в ается  дисперсност ью  среды  
д в и ж е н и я . П олоса  А  о бъ ед иняет  электром егнитны е к о л е б а н и я , происходящ ие в безди сп ерс- 
ной с р ед е ; полоса В  — к о л е б а н и я , вращ ен ия и орби тальны е д в и ж е н и я  так  назы ваем ы х м е­
х а н и ч е с к и х  материй, п р о х о д я щ и е  в  простой дисперсной с р ед е ; пол о са  С — при п о вер х н о ст­
ные гео л о ги чески е , хи м и ч ески е  и  биологические основны е проц ессы , обусловленны е р и с , 
(к о м п л ек сн ы х ) дисперсны х си ст е м , содерж ащ их  частицы  р азл и ч н о й  подвиж ности; п о л о с а  
£) _  я д е р н ы е  процессы эл е м ен та р н ы х  частиц, про х о д ящ и е  в  недисперсной среде.

Р а зл и ч и я  скоростей , с о х р ан я ю щ и е ся  внутри н ебо л ьш о го  количества п о р я д к а  в е л и ­
чин , я в л е н и й  внутри н ек о то р ы х  п о л о с  т ак ж е  м огут у к а з ы в а т ь  н а  дисперсны е о тли чи я , но 
они  обу сл о влен ы  состоянием  и  н е  к асаю тся  типа ди сп ер си й .

3. Х арактери зуем ы е с к о р о с т я м и  4  формы д в и ж е н и й  в  количественной ф орм е вы ­
р а ж а ю т  диалектическое о сн о в н о е  полож ен ие дви ж ен и я  в  у с л о ви я х  прот иворечия. Д е л о  в 
том , что  д ви ж ен и я  в у с л о в и я х  п р о тиворечия  точно т а к ж е  в о  врем ени под разд еляю тся  н а
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ритмы и ц и к л ы . Н епреры вное повторение ритм ов  и ц и кл о в  создает и п р о р о ж д а е т  заново 
м нож ество  перем енны х явл ен и й  В селенной.

4. Т очно т а к ж е  определенны е разм еры  п р о стр ан ства  — врем ени х ар ак тер и зу ю т  
качественн ы е скачки, заверш аю щ ие п р ео бр азо ван и я  ц и кл о в  др у г  в д р у га : хим ические  и 
ядерны е р еакц и и , затем  би ологические и со ц и ал ьн ы е  скачк и , п р ед ставл яю щ и е серии 
реакци й  би ологических  процессов. Х и м ически е и  ядерны е реакции  образую т у зк и е  мосты  
м еж ду  4  полосам и циклично-ритм ичны х дви ж ен и й , почти п ар ал л ел ьн ы е  о си  врем ени; 
би ологические и социальны е процессы  — более ш ирокие мосты, ограни ченны е лини ям и  
более-м енее парал л ел ьн ы м и  оси  простр ан ства  (рис. 1).

5. Т р у д н о сть  ш ирокой  у в я зк и  д р у г  с  другом  зн ан и й , вы р аж аю щ у ю ся в  прим енении 
в р азли чн ы х  н а у к ах  различн ы х  систем  к о о р д и н ат  и р азн ы х  «точек зрения», д ан н ы й  ц и кл и ч­
ный подход исклю чает тем, что определяет вы веденны е из квантовой эн ер ги и  количест ва  
п ро ст р а н ст ва  и врем ени , о т п р ав л я я с ь  от к о то р ы х , к а к  от общего н ачала  к о о р д и н ат , п р и ­
м ен яет  единую  систем у логариф м и ческих  вы числений , р асп ростран яю щ ую ся до разм еров 
п р о стр ан ства  и врем ени Х оббла. К в ан т  врем ени — п о р я д к а  1025сек , к в ан т  п р о стр ан ств а  — 
п о р я д к а  Ю~'-5см. Ч астное от делен ия  к в ан та  п р о стр ан ства  на к в ан т  врем ени д а ет  скорость 
света. К в а н т  п р остранства  п р ед став л яет  собою  наим еньш ую  сам остоятельно  д в и ж у щ у ю ся  
(колеблю щ ую ся) часть пространства .

6. В заим ное вл и ян и е  4  форм движ ений  я в л я е т с я  м аксим альны м  п р и  соизм ерим ост и  
разм еров  ц и кл о в  и ритмов. Я влен ие р езо н ан са  врем ени , известное по частотам , таким  
образом  распространи м о т а к ж е  и на резонансы  п р о стр ан ства , происходящ ие и з  совпадения 
по дл и н ам  волн.

О дним  из п роявлен и й  данного п о л о ж ен и я  я в л я е т с я  терм ический эф ф ект. Атомной 
разм ерн ости  п о р яд ка  1 Â (полоса  В )  со ответствует  частота, в ы р аж ен н ая  в  10й  гц . Т аким  
образом  электром агн итн ы е кол еб ан и я  такой  частоты  (по л о са  А )  при водят  в  ко л еб ан и е  ато­
мы (терм и ч еская  в и бр ац и я), б л аго д ар я  чему часть  данного  отрезка электром агн итн ой  
эн ергии , во зр астаю щ ая с  тем пературой  т еп л а , необратим о расходуется  в  форм е тепла. 
О тсю да вы текает  2-е основное полож ен ие терм оди нам и ки , согласно ко то р о м у  одна часть 
кол и чества  тепла  п р ед став л яет  собою  свя зан н у ю  энергию , которую  н е л ь зя  обрати ть  в 
работу .

П о л о ж ен и е  соразм ерности  сказы ваю тся  и в  р яде  д р у ги х  явлений . К ом пон енты  со л ­
нечного света  с длиной волн  в 6600 и 6400 Â соответствую т по разм ерам  хлоропластовы м  
гр ан у м ам  растений, со д ер ж ащ и х  хлороф или , и  таким  образом оптим изирую т м еханизм  
ф отосинтеза. М атерии, испускаю щ ие л у чи  с длин ой  волн , соответствую щ ей разм ерн остям  
врем ени и п р остранства  м итотических  о р ган ел л о в  делен ия  клеток , м еш аю т делен ию  к л е ­
ток, и тем  сам ы м , вы зы ваю т раковы е заб о л еван и я . (Н ачаты  исследования относительно  
л ек ар ствен н о го  прим енения эти х  соразм ерностей . Д ал ьн ей ш и е  примеры в  тексте .)

7. Ц и кли чны е процессы  особенно зам етны  главны м  образом при  газовом  и ж идком  
с о сто я н и я х  м атерии , но п р и сутствую т и в тревды х  т ел а х  (тепловые к о л еб ан и я , м о л е к у л я р ­
ные к о л еб ан и я  и м о л ек у л я р н а я  ротаци я). Ц и кли чн ы е и ритмичные п роц ессы , таки м  об­
разом , я в л я ю т с я  ун и вер са л ьн о й  ф орм ой  дви ж ен и я , х о тя  вследствие м ногочислен ны х и ер ар ­
хи ч еск и х  нал о ж ен и й  — особенно в слу ч ае  р азм еров , превы ш аю щ их ч ел о в ек а  — часто 
скры ты . В диаграм м е п р о стр ан ства  — врем ени, заклю чаю щ ей в  себе 43 п о р я д к а  величин 
п р о стр ан ства  и  43 п о р яд ка  величин врем ени, расп р о стр ан яю щ и х ся  от к в ан то в  п р о стр ан ­
ства и врем ени  и до системы  вы числений Х а б б л а , лю бой предмет и я в л ен и е  м о гу т  быть 
п р и н ц и п и ал ьн о  изображ ены  проекциям и  точек  р азм еров  пространства и  ср ед н ей  долго­
вечности . Т ак и м  образом исследование количественны х  связей  явлен ий  о свещ ается  с  но­
вы х точек  зр ен и я .

8 . Ц и кли чны й подход, п р и вя зы в ая сь  к  установивш ейся  системе (п о л о са  С) вода- 
гл и н а -ж и зн ь , сф орм ировавш ейся волизи  поверхности  З ем ли , р асп р о стр ан яется  т а к ж е  и на 
биологические  и социальны е системы . П р и н ад л еж н о сть  зн ан и и  и общ ественны х процессов 
к  у н и вер сал ьн о й  системе скоростей  процессов д в и ж ен и й  дает  персп ективу  д л я  к о л и чест­
венного в ы р аж ен и я  связей  м еж д у  естественны м и и общ ественными н ау к ам и  (см. статью  в 
этом  сбо р н и к е  «П араметры  ц и кл о в  и тео р и я  систем»).
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According to  the cycle relation  th e  sm allest un it of space capab le  to  independent 
m otion is the three-dim ensional vacuum  space quantum  of 10~"13 cm o rd e r o f m agnitude. 
I ts  oscillation expands w ith light velocity . On the basis of th e  e la s tic ity  o f space 
(Sakharov, Zeldovich , N ovikov, W h e e l e r ) elasticity and com pressib ility  are 
postu la ted  also for space quan ta . These postu lates lead to th e  assu m p tio n  of the 
mechanism s discussed below.

Three main types of m otion o f  space quan ta  are possible: oscillation , rotation 
and  revolution. Simple transversal (com plex) oscillations are done by  th e  space quanta 
propagating  w ith the velocity of light and  filling the “ vacuum ”  space betw een the 
particles. These are the electrom agnetic oscillations, belonging to the s trip  A .  (fig. 1. p. 7.)

In  the case of high concentration  o f energy the space q u a n ta  ro ta te  with 
ligh t velocity. The m ainly 1/2 spin particles of the mechanical m a tte r  a re  bu ilt up by 
ro ta tin g  space quanta . As a result of th e  parallel direction of their coupling  points the 
space quan ta  ro ta ting  in opposite d irection (i.e. sym metric) by light ve loc ity  are coupled 
w ith  considerable forces representing perm anen t nuclear forces. T hus th e  ro ta tin g  space 
q u a n ta  combined into groups form  “ elem en tary”  particles. (See F ig . 3, p. 18. in 
th is  volume.). M atter consist of ro ta tin g — .space of oscillating space q u a n ta .

The sm allest isometric particle consists of eight space quan ta  in  w hich four co­
ro ta tin g  space quan tum  pairs are  coupled by sym m etric ro ta tion . T h ey  form  two 
k inds of th e  neutrino.

The greater particles are th e  harm onic m ultiples of the sm allest stru c tu res  the 
basic form ula of which is IV =  mün according to the theory o f space quantum , 
where m  =  1, . . .  6 ; n =  1, . . .  7. The elec tron  is a structure consisting of N  — 83 =  
=  512 space quan ta , i.e. of 64 directly  coupled columns of 8 un its, w hile th e  proton 
is a  s truc tu re  of N  =  (123)(83) =  884736 space quan ta  (Figs 2—6, p. 4 0 —49).

From  the rules of th e  ro ta tion  of th e  space quauta and of th e  electronoids the 
m asses, electric charge, and o ther pecularities of the particles can be d irec tly  deduced.

The jo in t velocity of the particles is determ ined by the resonance-like interac­
tion  of the space quan ta . Due to  th e  elastic ity  of space quanta  th e  sm allest space 
quan tum  group consisting of eight space q u an ta  propagates p ra tica lly  w ith o u t inter-
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Fig. 1 R est m asses an d  the number of ro ta tin g  space quanta

action , i.e. with ligh t ve loc ity . Parallel to the increase o f particles th  e in teraction  b e t­
ween the oscillating space q u a n ta  and the ro tating  space q u an ta  grows stronger, and 
th e  rest masses of partic les increases linearly w ith th e  n u m b er of space quanta: Л'1мсу ~ '  

10~ 3 (m8n) (Fig. 1). A t a b o u t 8 space quantum  w id lh  it  reaches the threshold value 
from  which on the increase is linear between in te rac tio n  and number of the ro ta tin g  
q u an ta . According to th e  difference of space qu an tu m  and  atom ic measures, the speed 
of th e  particles is uniform ly low er by about 5 orders o f m agn itude  than the light velocity .

The parallel ro ta tin g  space quanta repel each o th e r . F rom  this fact th e  P a u li- 
principle can be directly  deduced.

The atomic nucleus forces the intraatom ic space quan ta  of the surrounding 
vacuum  to join revolution . T he  potentials between th e  space quanta around th e  equa­
to ria l plane and th e  poles o f the nucleus produces electric field and in re la tive  
m otion  magnetic field , respectively . This problem  shall be treated  in a special 
p aper.

The dualism of m a t te r  and anti-m atter is due to  th e  two possible opposite  
directions of the ro ta tion  of th e  complex particles.

This model in te rp re ts  all the main m otions — spin, parity , charge, m ass — 
of th e  nuclear physics. I t  c rea tes  a contradiction-free basis for the Abiîaham’s electron 
th eo ry  and joins the considerations of the F er m i—Y ang  m odel to the theory of quarks.

The reality co n ten t o f th e  new model m ight be checked by direct m easurem ent 
o f th e  morphological an d  o th e r  dimensions deduced fro m  it.

I .  M o tio n  Types of Space Q u a n ta

B y  m eans of an a ly s is  o f  th e  space q u a n tu m  m o tio n  a uniform  m odel can  
he  e s ta b lish e d  on th e  r e la t io n s h ip  of space an d  m a t te r .  T h is model re p re se n ts  
a  g ra p h ic  p ic tu re  of th e  a b s t r a c t  m ath em atica l fo rm a lism  of th e  know ledges

A d a  Geolopica Acadcmiae Scientiarum  H ungaricae 23, 1980



SPACE AND MATTER 35

d isco v ered  b y  n u c lea r  p h y sic s , rc sp . q u a n tu m  m echanics an d  q u a n tu m  space 
th e o ry . I t  ad v an ces  fro m  th e  sm a lle s t in d e p e n d e n t space  q u a n tu m  u n its  
o b ta in e d  from  th e  cy c lic ity  re la tio n  to  th e  s tru c tu ra lly  m ore c o m p lic a te d  ones, 
in  c o n tra s t  to  th e  m odel o f  e x p e rim e n ta l n u c le a r  physics, w h ich  m o v es from  
th e  m easu rab le  w orld  dow n to  sm alle r u n its .

Som e basic  p rin c ip les  o f  th e  in te rp re ta t io n  o f th e  space m a t te r  re la tio n ­
sh ip  deduced  from  th e  cy c lic ity  re la tio n  is b a sed  essen tia lly  on  th e  p o s tu la te  
o f  space  q u a n ta , i.e . o f  th e  sm a lle s t in d e p e n d e n tly  o sc illa ting  sp a c e  p a rtic le s , 
in  connec tion  w ith  th e  P la n ck ’s q u a n tu m  n o tio n . A ccording to  th e  p rev ious 
s tu d ie s  (Szá d ec zk y -K a r d o ss , 1974, 1978), th e  space q u a n tu m  is th e  sm allest 
th ree -d im en s io n a l p a r t  o f th e  “ e m p ty  v a c u u m ”  ch a rac te rized  b y  th e  vo lum e 
o f a b o u t (10 -13)3 cm 3, i.e . b y  th e  d ia m e te r  o f a b o u t 10-13  cm . I t  co rre sp o n d s  to  
th e  E 0 ~  1010 eV q u a n tu m  energy , w hich  is p resum ab ly  th e  m a x im u m  one 
p a r tic le  energy  v a lu e 1).

In  h a rm o n y  w ith  th e  cycle v iew  all p h en o m en a  of th e  U n iv e rse  are  of 
m o tio n  ty p e . T h u s  m a tte r  an d  space  th em se lv es  are  also m o tio n  p h en o m en a . 
T h e  space th e o ry  o f M axw ell in te rp re ts  th e  e lec trom agnetic  o sc illa tio n  as the  
re la tiv e ly  d isp lacem en t o f p a r ts  of space  re la te d  to  each  o th e r. T h ese  re la tiv e ly  
“ iso la te d ”  p a r ts  o f  space  co rresp o n d  to  th e  sm allest in d e p e n d e n tly  m oving 
sp ace  q u a n ta  o f th e  cycle  v iew . A cco rd in g  to  th e  cyclic ity  m o d el, th e  space 
p a r ts  ta k in g  p a r t  in  th e  e lec tro m ag n e tic  osc illa tions can  be id e n tif ie d  w ith  
th e  space q u a n ta  co rresp o n d in g  to  th e  energy  q u a n ta .

T he space q u a n ta  m a y  m ove, o sc illa te , revo lve  or ro ta te  in d e p e n d e n tly  
o r u n ite d  in  g roups, b u t  are  p o ssib ly  in  re la tiv e ly  in ac tiv e  s ta te ,  “ o u ts id e”  
o f  th e  H u b b le  U n iverse . “ W ith in ”  th is  a c tiv e  U niverse th e  n a tu r a l  s ta te  of 
space  q u a n ta  is th e  o sc illa tin g  or ro ta t io n a l  m o tio n  of lig h t v e lo c ity .

1. T h e  space  q u a n ta  o f  th e  e m p ty  space , i.e. o f th e  v a c u u m  w h en  th e y  
osc illa te  re la te d  to  each  o th e r  tr a n s m it  th e  oscilla tions to  th e ir  ne ig h b o u rs  
w ith  th e  v e lo c ity  o f th e  lig h t. T he c a rr ie r  o f th e  e lec trom agnetic  o sc illa tio n , i.e. 
th e  p h o to n  is re p re se n te d  b y  th e  o sc illa tio n  o f  th e  space q u a n ta . A ccord ing  
to  o u r  m odel, th e  p h o to n  is n o t a  p a r tic le  p ro p a g a tin g  w ith  g re a t  v e lo c ity , 
b u t  r a th e r  a  series o f o sc illa tin g  space  q u a n ta . D uring  th e  e le c tro m a g n e tic  
o sc illa tio n s, th e  space  q u a n ta  a re  n o t  t ra n s la te d  ju s t  like th e  p a r t ic le s  u n d u ­
la t in g  w a te r. C e rta in  t r a n s la t io n  o f th e  space q u a n ta  o f v a c u u m , m o re  p re ­
c ise ly  th e ir  re v o lu tio n  ap p ea rs  on ly  a ro u n d  th e  ro ta tin g  space q u a n ta .

T he ph y sica l co n cep t s ta r te d  once from  th e  considera tion  th a t  “ so m e th in g ”  
=  m a tte r , an d  “ n o th in g ”  =  v acu u m . A ccord ing  to  th e  cycle v iew , h o w ev e r, only

1 The d iam eter 10“ 13 cm of th e  oscillating vacuum  space quan ta  dim inishes when it 
transform s to  the ro ta ting  ones in  th e  elem entary particles by the a ttac tiv e  nuclear force 
exerced by the sym m etric ro ta tio n  coupling. In  th is volum e, however, it  will b e  no t dealt 
w ith th is phenomenon.
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th e  m o tio n  exists, th u s  th e  a n ta g o n ism  o f v a c u u m  a n d  m a tte r  ap p e a rs  as tw o  
b a s ic  fo rm s  o f m otion , i.e . as o sc illa tio n  and  ro ta t io n . V acu u m  is n o t th e  abso­
lu te  “ n o th in g ” , b u t r a th e r  th e  to ta l i ty  o f space q u a n ta  osc illa ting  w ith  d iffer­
e n t  in te n s i ty .  M atte r is th e  in  s ite  ro ta tio n  o f th e  sp ace  q u a n tu m  g roups c h a r­
a c te r iz e d  th u s  by  th e  q u as i- im p e rm eab le  “ s ite ” . A s a  re su lt of th e  lim ite d  
e la s t ic i ty  o f  space q u a n ta  t h e  “ in  s itu ”  ro ta t io n  w ith  l ig h t v e lo c ity  re p re ­
s e n ts  th e  co n cen tra tio n  o f  g r e a t  energy  q u a n titie s  w h ich  can n o t be m ore t r a n s ­
m i t t e d  b y  m eans o f o sc illa tio n .

T h e  oscillation  o f  sp a c e  q u a n ta  is possib le o n ly  in  case of th e ir  e la s tic ity  
a n d  co m p ressib ility . T h e  e la s t ic i ty  o f space in  re la t io n  w ith  th e  cu rv ed  space 
w a s  a ssu m e d  b y  Sa k h a r o v  (1967) an d  w as ta k e n  in to  acco u n t also b y  Z e l d o - 
VICH a n d  N ovikov  (1977). (F ro m  th is  p o in t o f  v iew  g ra v ity  is th e  m e tric  
e la s t ic i ty  o f th e  space; W h e e l e r , 1978).

D u e  to  th e  c o n tin u ity  o f  space  th e  basic  fo rm  o f  space q u a n ta  is n o t  th e  
r ig id  sp h e re  (in th a t  case th e  sp a c e  w ould n o t be  c o n tin u o u s , in  case o f ev en  th e  
d e n s e s t  spherica l p a ck in g  i t  w o u ld  con ta in  2 6 %  o f  space-free  cav ities) b u t  th e  
e la s t ic a l ly  deform able u n i t  d e te rm in e d  by  h e x a h e d ro n -lik e  form s or c o m p a c t­
in g  to  ro ta t io n  form s. I t  is a  com pressib le  u n it o f  a  s lig h tly  changing  “ d e n s ity ” .

B ecause  of th e  e la s tic  d e fo rm a b ility  o f sp ace  q u a n ta  an d  th e  r e la tio n  of 
in d e te rm in a c y , th e  c o n s id e ra tio n s , p re lim in a ry  o u tlin e d  here  are  o f  sem i- 
q u a n t i ta t iv e  n a tu re .

2 . T he groups o f  sp a c e  q u a n ta  ro ta tin g  w ith  l ig h t  v e lo c ity  are th e  com po­
n e n ts  o f  th e  mechanical m a t t e r .  T he space q u a n tu m  g ro u p  ro ta tin g  w ith  g rea t 
v e lo c ity , e.g. th e  n u c le o n  o f  10 _ 13 cm 3 a n d  co n sis tin g  of a b o u t (83.123) 
sp a c e  q u a n ta ,  picks u p  gy ro sco p e-lik e  “ re la tiv e  in e r t ia ” .

T h e  re la tive  in e r t ia  acc o rd in g  to  th e  ro ta t io n  ax is does n o t p ro d u ce  rea l 
( tr a n s la t io n )  in e rtia  ev en  i f  se v e ra l space q u a n ta  o f  d iffe ren t d irec tio n s  o f 
th e  ro ta t io n s  are co up led . (M ass is a sca lar p ro p e r ty  w hile sp in  an d  im pulse  
m o m e n tu m  are v e c to r ia l q u a n tit ie s .)

T h u s , th e  m a ss -c h a ra c te r  is defined n o t b y  th e  im pulse itse lf. I n  f irs t  
a p p ro x im a tio n  th e  re a l in e r t ia  against th e  t r a n s la t io n  is p roduced  b y  th e  
re so n an ce -lik e  in te ra c tio n  o f  th e  ro ta tin g  sp ace  q u a n tu m  groups a n d  o f  th e  
su r ro u n d in g  vacuum  sp ace  q u a n ta .  The in te ra c tio n  depends on th e  e igen-fre­
q u e n c y , i.e . m o stly o n  th e  d eg ree  o f  freedom  o f th e  p a r tic le  an d  a t  th e  sam e tim e  
o n  t h e  n u m b er of space  q u a n ta .

U nlike  th e  e.g. n e u tr in o - lik e  space q u a n tu m  g ro u p s  p ro p ag a tin g  w ith  lig h t 
v e lo c i ty  th e  elastic v a c u u m  sp ace  q u a n ta  do n o t  e x e r t  m easu rab le  in te ra c tio n . 
P a r a l le l  w ith  th e  g ro w th  o f  th e  partic les, h o w ev e r, th e  in te ra c tio n  is ev er in ­
c re a s in g  as a fu n c tio n  o f  sp a c e  q u an tu m  e la s tic ity . A t  a b o u t th e  e lec tro n  d i­
m e n s io n  th e  resis tan ce  o f  th e s e  vacuum  sp ace  q u a n ta  reach  th e  th re sh o ld  
v a lu e  a g a in s t th e  t r a n s la t io n  o f  th e  p artic les a t  w h ich  th e  c o n s ta n t m ass-like 
in e r t ia  occurs. F ro m  t h a t  p o in t  th e  ( tra n s la tio n a l)  in e r tia  is p ro p o rtio n a l to

A c ta  Geologica Academiae Scientiarum  Hungaricae 23, 1980



SPACE AND MATTER 37

th e  n u m b er (IV) o f  sp ace  q u a n ta  o f th e  p a rtic le  (F ig . I )3. T h u s  b e tw een  th e  space 
q u a n ta  o f th e  v a c u u m  an d  o f th e  pa rtic le s  th e re  is a re so n an ce-lik e  in te rac tio n  
d ep en d in g  on  th e  n u m b e r  o f  th e  ro ta t in g  space q u a n ta . T h e  lin ea r  p ro ­
p o r tio n a lity  o f  m ass  a n d  n u m b e r o f  space q u a n ta  does n o t e x is t  fo r  th e  sm allest 
p a rtic le s , since th e  reso n an ce  b e tw een  th e ir  ro ta tin g  space  q u a n ta  an d  th e  
o sc illa tin g  v acu u m  space  q u a n ta  is in co m p le te . I f  th e  re so n an ce  o f  th e  n eu trino  
w ould  be com ple te  i ts  m ass w ould  be  th e  8 3 : 8 =  64 p a r t  o f  th e  m ass of 
e lec tro n , i.e. 512 000 eV : 64 =  8000 eV. B u t th e  N  =  8  n e u tr in o  con ta ins 
o n ly  tw o  space q u a n ta  in  a ll d irec tio n  in s te a d  o f  8 . So th is  v a lu e  is d im in ished  
th re e  tim es b y  4 . T h e  m ass o f  th e  n e u tr in o  w ould  be  th u s  ro u g h ly  abo u t 
8000 : 4 : 4 : 4 =  12.5 eV.

C onsequen tly , som e force is req u ired  to  d isp lace th e  g re a te r  space q uan ­
tu m  g roups. T h u s , in  p resence  o f  o th e r  m asses th e  com plex ro ta t in g  space q uan ­
tu m  g ro u p  possesses a  w eig h t w hich  depends on  th e  n u m b e r o f  space  q u an ta . 
S ystem s o f low er v e lo c ity  can  h a rd ly  p e n e tra te  th e  space  q u a n tu m  groups 
ro ta t in g  w ith  l ig h t v e lo c ity , th e se  are  im p erm eab le  for o th e r  “ b o d ie s” . Since 
th e  in e r tia , th e  w e ig h t an d  ce rta in  im p e rm e a b ility  are  th e  m a in  ch a rac te ris tic s  
o f  th e  m a tte r  (o f th e  “ m echan ical m a t te r” ). T h e  com plexes o f  sp ace  q u an tu m  
g ro u p s ro ta tin g  w ith  l ig h t v e lo c ity  co rresp o n d  to  th e  n o tio n  o f  p a rtic le s .

W hile th e  o sc illa tio n  p ro p a g a tin g  w ith  l ig h t v e lo c ity  d e n o te s  th e  inde­
p e n d e n t m o tion  o f  each  space  q u a n tu m  tra n s fe r re d  to  each  o th e r , th e  ferm ion­
like  p a rtic le  is th e  ro ta t io n  o f  th e  g roup  consisting  o f (8 3) <[ sp ace  q u an ta . 
B ecause  o f  th e  in te ra c tio n  o f  th e  ro ta tin g  a n d  o sc illa ting  sp ace  q u a n ta  no 
in d iv id u a l space q u a n tu m  rem ains in  th e  s ta te  o f  c o n s ta n t r o ta t io n , th e  ro ta ­
t io n  is tran sfo rm ed  in to  osc illa ting  m o tio n  ag a in  due to  th e  neighb o u rin g  
o sc illa tions.

T h e  sm allest sp ace  q u a n tu m  g ro u p  re q u ire d  for th e  c o n tin u o u s  ro ta tio n  
o f  space  q u a n ta  co n sis ts  o f  e ig h t space q u a n ta . H ow ever, b e cau se  o f  its  p ro p a­
g a tio n  w ith  l ig h t v e lo c ity  i t  possesses no  m easu rab le  in te ra c t io n  w ith  th e  
n e ig h b o u rin g  space  q u a n ta  ju s t  due to  th e  sh o rt- tim e  coup ling , a n d  no  m agnetic 
f ie ld  (see below ); th is  sm alle st ro ta t in g  space  q u a n tu m  g ro u p  is th e  neu trin o .

T h e  en erg y -cen tre -lik e  space q u a n ta  ro ta t in g  w ith  l ig h t v e lo c ity  possess 
tw o  basic  fea tu re s . F ir s t ,  th e  space q u a n ta  o f  th e  d irec tly  c o u p led  sy stem s, i.e. 
o f  th e  partic les  o f  th e  m ech an ica l m a tte r , a re  in  s tro n g  reso n an ce-lik e  re la tio n ­
sh ip  w ith  each  o th e r . I n  th e  partic les  th e  space q u a n ta  a re  coupled  b y

a The approxim ately  linear relationship betw een th e  space q u an tum  n u m b er and the m 
re s t m ass is obtained due to  th e  c light velocity of the ro tation  of space q u an ta . T he relationship 
is, of course, a firs t approxim ation  since it  has been deduced only on the basis of elementary 
ro ta tion  relations, e.g. th e  in ternal interactions betw een the  electronoid shells. The elasticity of 
space quan ta , the tran sla tio n  velocity within the nucleus, fu rther the mass defect as well as the 
m em bers of the sem i-em piric form ula for binding energy, i.e. the  volum etric, surficial. Coulomb, 
sym m etric and pair energies were neglected here.
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p a irs  in  a ll th ree  d irections o f  th e  space w ith  e x tre m e  en erg y  (i.e. sy m m etric  
c o u p lin g  b y  ro ta tio n , see th e  n e x t  ch ap te r), th u s  th e s e  closely c o ro ta tin g  
a sse m b la g e s  consist of 23 =  8 , r e s p . 8 3, 8° . . . space q u a n ta .  F u r th e r , th e  sm a l­
le r  g ro u p s  o f  th e  ro ta tin g  sp a c e  q u a n ta , e.g. th e  e le c tro n s  a re  ch a rac te rized  
b y  e x tre m e ly  rap id  an d  c o n s id e ra b le  v a ria tio n  of fo rm s  co rresp o n d in g  to  th e  
v o lta g e  o f  th e  m edium . T h e  qu asi-iso m etric  sh ap e  in  th e  s ta te  o f  re s t  o f  
th e  r o ta t in g  space q u a n tu m  m a y  b e  elongated  b y  se v e ra l o rders o f m a g n i­
tu d e  ( a t  ap p ro x im ate  c o n s ta n t  v o lum e) and  in  th e  r e s o n a n t one-d im ensional 
c h a in s  o f  th e  elongated space  q u a n ta  th e  in d iv id u a l sp ace  q u a n tu m  ro ta t io n  is 
t r a n s fo rm e d  to  m utual sp ira l w h ir lin g  (Fig. 3). T he e x tre m e  e lastic ity , th e  u n ity  
o f  th e  e x tre m e ly  elongated  “ u n b ro k e n ”  space q u a n ta , a re  assu red  b y  th e  energy  
c o n c e n tra t io n  of space q u a n ta  o f  th e  ro ta tio n  w ith  l ig h t  v e lo c ity  an d  b y  th e  
jo in t  s p ira l  ro ta tio n  system .

W ith  th e  increase o f th e  n u m b e r  of e igen-frequencies th e  re la tiv e  in ­
te n s i ty  o f  th e  ind iv idual e igen -freq u en c ies  an d  th u s  th e  in te n s ity  o f  re so ­
n a n c e  a n d  o f  th e  m ono-serial c h a in  jo in ing  decrease. T h is  decrease o f  resonance  
l im its  a t  th e  sam e tim e th e  d im e n s io n s  of th e  s tab le  p a r tic le s .

3. T h e  space q u a n tu m  g ro u p  reaching  th e  lim itin g  v e lo c ity  o f  l ig h t is 
s h a r p ly  se p a ra te d  from  its  e n v iro n s  b y  its  p e rip h e ra l sp eed . B y  m eans o f  th e  
su p e rp o s it io n  o f space q u a n tu m  la y e rs  th e  space q u a n tu m  g ro u p  c an n o t increase  
w h e n  i t  re a c h e d  the  lig h t v e lo c ity  (its  periphera l sp eed  w o u ld  su rpass th e  lim it­
in g  v e lo c ity ) . In  case o f th e  in tra -a to m ic  tra n s la tio n -fre e  ro ta tio n  th e  space 
q u a n tu m  g roup , i.e. th e  a to m ic  n u c leu s  of in e r t m ass a ffec ts  its  ne igh b o u rh o o d  
so t h a t  th e  b e lts  of th e  n e ig h b o u r in g  atom ic space q u a n ta  jo in tly  rev o lv e  w ith  
a  sp e e d  decreasing  in w ards, a n d  to  th e  poles o f  th e  g ro u p .

T h e  revolv ing  sy stem  is  a b le  to  displace th e  p a r tic le s , to  ex e rt a “ fo rce”  
e ffe c t. T h is  jo in tly  rev o lv in g  sp ace  q u an tu m  sy s te m  g en era tes  th e  elec tric  
f ie ld . I n  th is  field th e  c e n tr ifu g a l fo rce  of th e  rev o lv in g  space  q u a n ta  gen era tes  
s y m m e tr ic  p o ten tia ls , i.e . m a g n e tic  forces in  th e  sy s te m , as com pared  to  th e  
r o t a t i o n  ax is . (A round th e  n e u tr in o  o f  only tw o sp ace  q u a n ta  in  d ia m e te r  no 
d if fe re n c e  betw een th e  e q u a to r ia l  an d  po lar e n v iro n s  ap p ea rs . T h is is also 
h a m p e r e d  b y  th e  p ro p a g a tio n  o f  th e  n eu trin o  b y  l ig h t  v e lo c ity . C onsequen tly , 
th e  m a g n e tic  m om entum  o f t h e  n e u tr in o  equals zero .)

T h e  add itiv e  o sc illa tion  e n e rg y  p en e tra tin g  th e  a to m ic  sy stem  rep e ls  th e  
e le c tro n  to  h igher q u an tif ied  o rb i ts  an d  in  th is  w ay  i t  is  abso rb ed . O n th e  c o n t­
r a r y ,  in  th e  atom ic system  th e  ju m p  o f electrons to  d e e p e r o rb its  g en era tes  new  
e le c tro m a g n e tic  oscillations i n  th e  su rround ing  v a c u u m .

F ro m  th e  in te rp re ta t io n  o f  p a rtic le s  as g ro u p s o f  ro ta t in g  space q u a n ta  
fo llo w s th e  chem ical b o n d in g  fo rces  and  th e  e le c tro s ta tic  a t tra c t iv e  forces.

T h e  a to m  does n o t c o n ta in  oscilla ting  v a c u u m  sp ace  q u a n ta . T h u s  th e  
o s c il la t in g  vacuum  exert r e s is ta n c e  linearly  p ro p o rtio n a l to  th e  d iam e te r o f  th e  
a to m . T h e  velocity  o f th e  m e c h a n ic a l m a tte r  be ing  less b y  a b o u t 5 to  6 o rders
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o f  m a g n itu d e  th a n  th e  lig h t ve loc ity , i.e . th e  velocity  d ifference b e tw een  the  
s tr ip s  A  an d  В  o f  th e  cycle d iag ram , c a n  be  tra c e d  back to  th i s  dece le ra tin g  
re s is ta n c e . T h u s , in  case o f th e  in d iv id u a lly  oscilla ting  space q u a n ta  o f  the  
v a c u u m  th e  p ro p a g a tio n  v e loc ity  o f  th e  n u c leo n s consisting  o f  a b o u t  10° tim es 
m ore  ro ta t in g  space q u a n ta  is less b y  10s— 10° th a n  th e  lig h t v e lo c ity  (s tr ip  A). 
I n  fa c t,  th e  v e lo c ity  o f  th e  m echan ica l m a t te r  consisting  b y  m a ss  m o stly  of 
nuc leons (s tr ip  B) is on ly  105— 10°tli o f  th e  ^4-strip velocity . (S ee p .  43 , fo o t­
n o te .)

O n th e  basis o f  th e  ro ta tin g  space  q u a n tu m  n um ber a n d  p a r t ic le  mass 
re sp . o f  th e  re la tio n sh ip  betw een  th e m  (F ig . 1) an d  b y  m eans o f  th e  coupling  
ru les th e  n u m b e r o f  space q u a n ta  ca n  b e  ca lcu la ted  from  th e  m ass  o f  th e  
p a r tic le s  k n o w n  b y  nuclear-physics (See a lso  T ab le  I ,  p . 46 .)

I I .  C oupling R u les  o f  Space Q uan ta . T he M ain  S tru c tu ra l Types o f  th e  P artic les

T h e  coup ling  o f  th e  d irec tly  c o n ta c tin g  ro ta tin g  space q u a n ta  can  be 
su m m arized  b y  th e  follow ing 6 th e o re tic a l assu m p tio n s:

1. The symmetric coupling. W ith in  th e  ro ta tin g  space q u a n tu m  groups 
c o n s titu tin g  th e  p a rtic le s  o f th e  m ech an ica l m a tte r  th e  d ire c tly  c o n tac tin g  
space q u a n ta  o f  sy m m etric  ro ta tio n  a re  co u p led  b y  g rea t forces co rresp o n d in g  
to  th e ir  g re a t velocities. T h is coupling  is co n sid e red  to  be th e  m a in  so u rce  o f  the 
p e rm a n e n t n u c lea r  forces. In  case o f  sy m m e tric  (i.e. opposite) r o ta t io n  th e  
d ire c tio n  o f m o tio n  in  th e  c o n ta c tin g  su rfaces  of th e  tw o sp a c e  q u a n ta  is 
p a ra lle l, s tre n g th e n in g  each  o th e r. (F ig . 3. p . 18. in  th e  foregoing p a p e r  o f  th is  
v o lum e.) A t th e  c o n ta c tin g  sides, i.e. in  th e  e q u a to r ia l planes th e  ed g es o f  space 
q u a n ta  becom e s tra ig h te n e d . Two space  q u a n tu m  groups c o u p le d  in  th is  
m a n n e r  a re  e lo n g a ted . T h u s, th e  d eu te ro n -n u c leu s  becom es c ig a r-sh a p e d .

W h en  th e  n u m b e r o f space q u a n ta , i.e . o f  th e  rad ius o f  th e  p a r tic le  in ­
creases, th e  cen trifu g a l forces is in c rea sed , to o , b y  th e  sq u are  o f  th e  rad iu s . 
T h u s  w ith in  th e  p a rtic le  th e  space q u a n ta  a re  e lo n g a ted  p e rp e n d ic u la rly  to  th e  
ro ta t io n  ax is . D ue  to  th e  jo in t  effect o f th e  co u p lin g  an d  of th e  c e n tr ifu g a l force 
th e  space  q u a n ta  coup led  in  th re e  d irec tio n s  o f  space are  d is to r te d  to  f la t te n e d  
h e x a h e d ra , w hile  th e ir  assem blage ta k e s  th e  shape  of a  r o ta t io n  ellipsoid .

O ne side o f  th e  coup led  space q u a n tu m  p a ir  exerts  a t t r a c t iv e ,  th e  
o th e r  o f  rep e llin g  effect. I n  th e  g re a te r  p a r tic le s  th e  space q u a n ta  o u tw ard s , 
resp . th e  space  q u a n tu m  groups are  coup led  to  th e  a ttra c tiv e  side w ith  a  ro ta tio n  
axis p a r t ly  p a ra lle l, p a r t ly  p e rp en d icu la r  to  th e  d irection  of r o ta t io n  (e.g . th e  
nucleus o f  h e liu m , (F ig . 8 , p . 53).

If , h ow ever, th e  ro ta tio n  o f space q u a n ta  is paralle l, th e  d ire c tio n s  of 
m o tio n s w ou ld  be oppo site  in  th e  n e ig h b o u rin g  sides o f tw o space  q u a n ta ,  i.e. 
rep e llin g  force w ould  be g enera ted . C o n se q u e n tly , space q u a n ta  o f  p a ra lle l
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d ire c tio n  o f  ro ta tio n  c a n n o t a p p ro a c h  each o th e r . T h e  m u tu a l repelling  o f  th e  
p a ra lle l r o ta t in g  e lec trons ex c lu d in g  each o th e r is d e f in e d  b y  th e  P au li-p rin c ip le .

2 . Columnar coupling and coupling value. T w o o r m ore space q u a n ta  ca n  
be  c o u p le d  also p a ra lle l w ith  th e  ro ta tio n  ax is  e lo n g a tin g  each o th e r in  th e  
d ire c tio n  o f  ro ta tio n . D ue  to  th e  ro ta tio n  th e  h ex a h e d ro n -sh a p ed  e q u a to r ia lly  
f la t te n e d  space  q u a n ta  o f  th e  space q u a n tu m  g ro u p s  are  coupled b y  th e ir  
w id en ed  su rfaces an d  jo in t ly  ro ta tin g . In  th is  w a y  sp ace  q u an tu m  co lum ns o f  
2 — 8  m em b ers  can  be  g e n e ra te d .

T h e  coup ling  o f  c o - ro ta tin g  colum ns is less s tro n g  th a n  th e  sim p le  
s y m m e tr ic  (eq u a to ria l) co u p lin g , since th e  c e n tre  o f  coupling  lies a t  th e  r o ta ­
tio n  p o le  o f  least ro ta t io n  v e lo c ity . T hus th e  in c re a se  o f  th e  colum ns is l im ite d  
b y  th e  re so n an ce  n u m b e r 8  =  N a.

W h e n  coupled b y  th e  sy m m etric  ro ta tio n , tw o  tw o-m em bered  co lu m n s 
g e n e ra te  th e  sm allest v ia b le  p a rtic le , i.e. th e  n e u tr in o  consisting o f  8 space  
q u a n ta  ( N  =  8 =  space  q u a n tu m  num ber. T h e  e q u ilib ra te d  basic n u m b e r  8 
d e te rm in e s  also th e  s tru c tu re s  o f  th e  q u as i-iso m etric  g rea te r p a rtic le s : w h en  
a d d in g  a  new  space q u a n tu m  lay er th e  c ircu m fe ren ce  of th e  m a rg in a l 
b o u n d a ry  la y e r  is in c rea sed  b y  8  space q u a n ta , i.e . b y  th e  lVa-value. T h e  in ­
crease  o f  c ircum ference  is : A  =  N a =  8). In  g en era l, th e  decisive coupling  v a lu e  
o f  th e  p a r tic le s  is N a =  8 ( th e  ru le  of upper h a rm o n ic s , see below)4.

C om ple te  resonance  s tru c tu re  is rep re sen ted  b y  th e  co lum nar a ssem blage  
c o n s is tin g  o f  N  — 8 3 =  512 space  q u a n ta , i.e . o f  64 o c te tte  space q u a n tu m  
c o lu m n  (See F ig . 2). I n  th is  case th e  D  le n g th  o f  edge equals th e  sp a tia l-  *

Fig. 2. Model of the elec trono id

* D uring  the superposition o f space quanta the space q u an tu m  num ber of th e  boundary  
layer o f th e  isometric particles is increased as follows: 4 12 20 28 36 . .  . ,  th e ir
difference is thus a constan t value, i.e. A  =  8.
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s t ru c tu ra l  N i  co u p lin g  n u m b e r, in c lu d in g  also th e  H  h e ig h t o f  th e  c o -ro ta tin g  
co lu m n s. A ccord ing  to  th e  m ass m easu red  in  McV th is  s tru c tu re  is  th e  electron 
(F ig . 4 /a ) .T h e  e q u a lity

N = A  =  D  — I I  =  8

is v a lid  in  th e  re s t  s ta te  o f  th e  e le c tro n .
A ccord ing  to  th is  m odel th e  re s t  s ta te  d ia m e te r  o f th e  e le c tro n  w o u ld  he 

~  8 • 10 -13 cm . T h is  is  h o w ev er a  f ic ti t io u s  v a lu e , since i t  concerns th e  n o n ­
m o v in g  e lec tron  w h ich  does n o t  ex is t ( th e  co m p u ta tio n  o f th e  re a l d im ensions 
o f  th e  elec trons w ill b e  d e a lt w ith  in  a n e x t  p a p e r) . T he v a lu e  o f  N e =  512 
ca n  h e  co rro b o ra ted  in d ire c tly  from  n u c le a r  ph y sica l m easu rem en t d a ta .  I t  is 
k n o w n  th a t  th e  m ass o f  th e  e lec tro n  is 1/1836 p a r t  o f  th e  p ro to n  m ass  a n d  th e  
sp ace  d im ension  o f  1 0 ~ 13 cm  o f th e  p ro to n  is also  know n  (th is  v a lu e  w ill be 
d e te rm in e d  m ore p rec ise ly  below ). T h u s  th e  e lec tro n  con ta in s 1836-tim es less 
space  q u a n ta , i.e . N  ~  1 0 “/1836 ~  545 sp ace  q u a n ta  w hich  in  th is  f ir s t  
a p p ro x im a tio n  co rresp o n d s to  th e  N e =  512 m odel deduced  f ro m  t h e t  heo- 
r e t ic a l ly  m ost s ta b le  s tru c tu re .

3. The rule o f  the resonances and the matter-wave dualism. T h e  n u m b e r 
o f  space  q u a n ta  o f  th e  p a rtic le s  is m ore p rec ise ly  d e te rm in ed  b y  th e  “ ru le  of 
th e  resonances” . A cco rd in g ly , in  th e  s ta b le  fo rm s o f th e  c o -ro ta tin g  space 
q u a n ta ,  th e  n u m b e r o f  space  q u a n ta  is IV =  m 8 n, w here n =  1, 2 , 3 , 4 , . . .  
7 a n d  m  =  1— 8 .

P a rtic le s  a re  re s is ta n t  to  th e  m ech an ica l a n d  o th e r  effec ts5 w h e n  th e  
n u m b e r  o f  th e ir  space  q u a n ta  is p ro p o r tio n a l b y  sim ple in te g e r  n u m b e rs  in  
a ll th e  th re e  d irec tio n s  (i.e. lo g a rith m ic a lly  a n d  sim ila rly  to  th e  re la tio n sh ip  
b e tw e e n  th e  to n ic  a n d  h a rm o n ic ).

T h is  ru le  is c o rre la te d  to  th e  re so n an ce  a n d  to  th e  en e rg ies  o f  th e  
h a rm o n ic  osc illa to r.

T h e  ax is  o f th e  ro ta t in g  space q u a n ta  is decreased  due  to  th e  g rea t 
en e rg y  o f  ro ta tio n  w ith  l ig h t ve lo c ity . T h e  ro ta t in g  space q u a n tu m  g ro u p s  o f 
th e  p a rtic le s  in te ra c tin g  w ith  th e  o sc illa ting  v a c u u m  space q u a n ta  b e h a v e  as 
sy s tem s ch a rac te rized  b y  eigen-frequencies. T h e  m ax im al n u m b er o f  e igen -fre ­
qu en c ies  is d e te rm in ed  b y  th e  degree  o f  freed o m  depend ing  o n th e  (IV) n u m b e r 
o f  th e  m a te r ia l p o in tso f  th e  sy s tem , i.e . o f th e  n u m b e r o f  space q u a n ta  o f  th e  p a r ­
tic le s . ( In  th e  s ta te  free  o f  repe lling  force th e  n u m b e r o f  degree o f freed o m  equals 
31V). T h e  basic  freq u en cy  o f  th e  p a rtic le s  is g iven  b y  th e  inverse  o f  th e  tim e  
q u a n tu m , i.e . 1023 H z . T h e  u p p e r  h arm o n ics  a re  th e  m ultip les o f in te g e r  n u m b e r

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 — (JVa)™ =  8n. This relationship is in connection with the S entropy and with the 
к BoLTZMANN-constant, according to the formula: S =  к ln W.
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o f th is  f ro m  w hich , ta k in g  in to  acco u n t th e  n u m b e r  o f  space q u a n ta  N  — 8  o f  
th e  sm a lle s t  in d e p e n d e n t sp ace  q u a n tu m  g ro u p , th e  n e u tr in o , th e  b asic  fo rm u la  
in 8n is  d educed .

F ro m  th e  N  =  8 n e u tr in o  tw o — w ith  th e i r  a n tip a r tic le s  f o u r — k in d s  o f 
n e u tr in o  m a y  be d ed u ced : th e  co lu m n ar a n d  la m in a r  ones. E le c tro n  a n d  p o s i­
t ro n  m a y  be  b u ilt  up  fro m  th e  co lu m n ar, m y o n  f ro m  th e  la m in a r  n e u tr in o -  
s t ru c tu re .

B ecau se  o f th e  e la s tic ity  o f  space q u a n ta  th e  sm a ll s tru c tu re s  are  d e fo rm ­
ed  b y  th e  ra p id  t r a n s la t io n  m ovem en ts a n d  b y  th e  rev o lu tio n  o f q u a n ta  o f 
th e  a to m ic  space: th e y  b ecom e e lo n g a ted  o r f la t te n e d .  I n  such cases th e  s tro n g  
sy m m e tr ic  coupling  (b in d in g ) force o f th e  f la t te n e d  sides of space  q u a n ta  
in c re a se s , t h a t  o f th e  sh o rte n e d  sides decreases.

I n  th e  a to m , th e  w hole  e lec tro n  is c u rv e d  p a ra lle l w ith  its  re v o lu tio n  
o rb i t6. T h e  e le tro n  is sq u a sh e d  to  a w av e -p ack e t. I n  th e  case o f  tra n s la t io n  a t  
v e lo c ity  ap p ro ach in g  th e  l ig h t  v e lo c ity  i t  is d is to r te d  to  one pearl-like  space  
q u a n tu m  scries (F ig . 3.).

N e ith e r  th e  sh ap e  n o r  th e  d im ension  o f  sp ace  q u a n ta  are c o n s ta n t d u e  to  
th e i r  e la s tic ity  an d  co m p ressib ility . T he d im en s io n  o f ~ 1 0 -13 cm  co m p u te d  
fro m  th e  en erg y  q u a n ta  concerns th e  space q u a n ta  p a r tic ip a tin g  in  th e  e le c tro ­
m a g n e tic  osc illa tions.

T h is  co rrespondence  re la te s  to  th e  fa c t t h a t  th e  e lec tron  ta k e s  th e  w ave- 
c h a ra c te r  b y  m eans o f  co m p le t sp read in g  to  one sp ace  q u a n tu m  series. T h u s , in  
th e  sp ace  q u a n tu m  m odel th e  m a tte r-w a v e -d u a lism  m ay  be in te rp re te d  m e ­
c h a n ic a lly : th e  iso m etric  sp ace  q u a n tu m  g ro u p  b e h a v e s  as “ m a t te r ”  a n d  w h en  
sp re a d in g  g ra d u a lly  to  a  p e a r l necklace-like sp ace  q u a n tu m  series, i t  ta k e s  
w a v e -fe a tu re s  (F ig . 3).

N eck lace  “ f ib ro u s”  series o f e lec trons m a y  occu r in  th e  e lec tric  c u r re n t  
w h ich  m a y b e  tra n s fe r re d  also  betw een  th e  a to m s , re sp . n o n -p ro h ib ited  e le c tro n  
shells o f  th e  e lec tric  co n d u c to rs  w ith o u t o b s ta c le s . T he d iam e te r  o f  su ch  an

000-000
Fig. 3. The necklace s tru c tu re  of particles

6 In  extrem e case, i.e. in  nuclear reactions, th e  electron is d isintegrated in to  colum ns, 
m oreover, to  parts of columns (see la ter in case of neu tron ), b u t if the external effect is stopped 
th e  space qu an ta  re tu rn  to  th e ir  norm al equilibrium  struc tu re .
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e lec tro n  fib re  cou ld  n o t  be  m easu red  so fa r  since th e  m ore  th e  accelerating  
v o ltag e  an d  th e  “ re so lu tio n  c a p a c ity ”  a re  in c reased , th e  m ore  th in n e r  will be 
th e  double  sp ira l o f  th e  e le c tro n .7 T hus n e ith e r  th e  m o s t u p - to -d a te  accelera­
tio n s  o f 100— 1000 GeV h a v e  show n m easu re  o f  th e  e lec tro n .

4 . Structure and shape o f particles. Pairing and reflection. Quarks. P a r­
tic le s  are  b u ilt  u p  b y  th e  (q u asi)-s tab le  s tru c tu re s  w h ich  can  be  deduced  from  
th e  fo rm u la : (m 8 n). T h e  basic  co n d ition  o f  s ta b ili ty  is th e  sy m m etric  ro ta tio n  
o f  a re so n a tin g  n u m b e r o f  space q u a n ta .

The fo rm u la  o f  (m 8n) ty p e  expresses n o t o n ly  th e  n u m b e r  o f  space q u an ta  
b u t  also th e  m o rp h o lo g y , i.e . th e  iso m etric , la m e lla r  o r  c o lu m n a r shape  o f th e  
s tru c tu re . T he (8 3) s tru c tu re  rem ain s iso m etric  as a  c o m p o n en t o f  g re a te r  p a r­
tic le s , th is  w ill be  ca lled  below  electronoid. T he  s tru c tu re s  o f m  =  2, 3, . . .  8 
a re  g rad u a lly  e lo n g a tin g  in d iv id u a lly  in s ta b le  co n fig u ra tio n s  w h ich  ap p ear as 
e le c tro n  d o u b le t t- tr ip lc t t  . . . o c te t t  o f th e  a to m ic -e le c tro n  shells u n d e r  th e  in ­
f lu en ce  of th e  a to m ic  n u c leu s . T hus, th e ir  fo rm u la -lik e  d e sc r ip tio n  is a  follows: 
([1 +  1 ] )8 \  [(1 +  1 +  1 ) ] 8 \  e tc . (T able, p . 46.)

T he s tru c tu re  o f  (8  • 8 3) =  (84) deno tes a long , th in  th u s  in s ta b le  colum n 
consisting  o f 8 e lec tro n o id  ad h e red  b y  co lu m n ar coup ling . I n  case o f (m 84) 
th e  co lum n becom es th ic k e r . T he s tru c tu re  (8  • 84) =  (8s) den o tes  a p la te  con­
s is tin g  o f one p la te , t h a t  o f  (m  85) a p la te  th ic k e n in g  b y  m. T h e  s tru c tu re  
(8  • 85) =  (8°) describes an  isom etric  shape again , th e  (m  8ß) a n  e lo n g a tin g  col­
u m n , w hile th e  (8  • 8°) =  87 deno tes a  one-layer p la te , th e  s tru c tu re  (m  87) 
a th ick en in g  p la te . (F ig . 4). T he (3 • 8s) sand w ich  s t ru c tu re  su itab le  to  
sq u ash in g  is th e  myon  w h ich  p roduces th e  m y o n  a to m  w h en  sq u ash in g  sim ilarly  
to  th e  e lectrons o f th e  e lec tro n  shell. T he s tru c tu re  (4 • 85) is re p re se n te d  b y  the  
p ion , th e  th ic k e r  la m e lla r  s tru c tu re s  o f w hich  a re  c o n tin u o u s ly  exchanged 
a ro u n d  th e  e q u a to r ia l p lan es o f  nucleons (accord ing  to  C h a p te r  I I /5 )  p roducing  
in  th is  w ay  th e  n u c le a r  force w ith in  th e  nucleus c h a ra c te r iz e d  b y  th e  conti- 
n o u s exchange o f p ro to n s  a n d  n e u tro n s , acco rd ing  to  th e  Y u k aw a-m o d e l.

A  p a ra lle l fo u r-m em b er co lum n p a ir  co n sis tin g  o f  4096 sp ace  q u a n ta  
oorresponds to  th e  e ig h t-m em b er (84) s tru c tu re  ( f la t  co lu m n  o r b a n d ) w hich

7 The basic speed of th e  universal m otion represented  by the  strips A  and D  is
th e  light velocity. The five order velocity difference betw een the A  and  В strip s is interpreted
by  th e  difference betw een th e  10-8  cm average atom ic and the 10-13 cm  space q u an tum  mea­
sures. The Л -strip electrom agnetic field (“ vacuum ” ) does no t brake the propagation of electro­
m agnetic oscillations since all m ovem ents in the homogeneous electrom agnetic field are com­
pensated by opposite oscillatory movem ents. B ut translating  particles are affected only by the 
resistance of the fron ta l space q u an ta , the com pensating effect of the q u an ta  pushed asside 
is missing. Thus the В -strip  system s consisting of atom s or protons are influenced by the
brake force proportional to  the five order difference 10~8 * * * *— 10-13 cm. P ro tons are surroun­
ded by a belt of revoluting space q u an ta  determ ining the atom ic radii, th e  w id th  of which is 
proportional to  the (83 • 813 =  884 736) num ber of the ir ro ta ting  space q u an ta . T hus plasma 
stars are of В -strip velocity .
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is e x p re s s e d  b y  th e  fo rm u la : (2 • 4  • 8 3). This s tru c tu re  is n o t  rea lized  in  th e  
n u c le a r  re a c tio n s  due to  th e  sm a lle r  degree o f  its  re s is ta n c e . T h e  increasing  
re s is ta n c e  grow ing w ith  th e  c ir c u la r  frequency  g en e ra te s , h ow ever, th e  m ore 
s ta b le  (2  • 8B) s tru c tu re  o f  tw o  ty p e s ,  i.e. th e  kaons e lo n g a ted  p e rp en d icu la rly  
to  t h e  e q u a to r ia l  plane an d  th e  t] m esons coupling w ith in  th is  p lan e . T he la t te r  
ty p e  o f  t h e  k aon  described  b y  th e  fo rm u la  [(1 -f- l ) ] 8 e. S im ila rly , beside th e  
(4 • 8 e) s tru c tu re s  th e  s t ru c tu re  (2 • 2 • 8 e) of th e  sam e  sp ace  q u a n ta  n u m b e r

pion
(4.8s )

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

a lso  e x is ts . The s tru c tu re  [(1 -f- 1 1 1 )]8 e s tru c tu re  coup lin g  each  o th e r
in  t h e  e q u a to ria l p lane c o r re s p o n d  to  th e  Л  an d  th e  E  h y p e ro n s , as well as th e  
99-m e so n  (F ig. 5).

T h u s , mesons a re  p a r t l y  co lu m n ar p a r t ly  la m e lla r  s tru c tu re s  o f  m =  
=  2 — 4 va lu e , w hile h y p e ro n s  a re  ra th e r  la m e lla r  s tru c tu re s  o f  m — 4 — 6 .

T h e  N  space q u a n tu m  n u m b e r  ap p ro x im a te ly  co rresp o n d s to  th e  th o u ­
s a n d - fo ld  o f th e  MeV u n i t  u s e d  in  th e  n u c lea r-p h y sica l p ra c tic e : N  • 1 0 ~ 3 ~  
~  m Q (MeV). (The th re s h o ld  v a lu e  o f th e  p h o to n  en erg y  is  1.02 MeV a n d  in  
ca se  o f  collision of p o s itro n  a n d  e lec tro n  tw o p h o to n s  o f  0 .56 MeV en erg y  are  
g e n e ra te d .)

T h e  partic le  s tru c tu re s  a n d  fea tu res d educed  fro m  th e  space q u a n tu m  
n u m b e r ,  i.e . from  th e  r e s t  m a ss  a re  show n in  th e  T ab le  I .
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4.8s

N  í . 8 6

2 . 8 “

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

T he re s t m ass o f  p a rtic le s  is d e te rm in e d  b y  th e  num ber o f sp ace  q u a n ta .  
S ince th e  ro ta tio n s  o f  p a rtic le s  ap p ro ach  th e  l ig h t velocity  th e  re la tiv is tic  
change o f m ass is  o f  a b o u t th e  sam e m easu re  in  th e  d ifferen t p a r tic le s .

I t  is an  im p o r ta n t  re su lt o f th e  space q u a n tu m  m odel th a t  from  th e  s tru c ­
tu re s  deduced  fro m  th e  re s t  m ass th e ir  p e c u lia r ly  chang ing  e lec tric  ch a rg es  as 
w ell as som e o th e r  q u an tu m -m ech an ica lly  d e te rm in e d  q u an titie s  c a n  b e  co n ­
cluded  (F ig . 5).

T he q e lec tric  ch a rg e  is also in  re la tio n  w ith  th e  re la tiv is tic  c h an g e  o f 
m ass. T he oppo site  ro - ta t io n  o f th e  p ro to n  a n d  e le c tro n  reinforcing, i.e . acce le r­
a tin g  each o th e r m ean s th e  positive and  n e g a tiv e  charges o f th e  p ro to n  a n d
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Table I

Space quantum structure o f particles and data o f multiplen differences

Particle Difference
Mass (JVf) Number of space Structure Lifetime

sign name
(MeV) quanta (iV)

J  =  M — - — 
1000

4% =
= 100 A/M

(see)

V Neutrino ^ 0 8 8 oo
— — 64 82 ins'able

e electron 0.511 512 83 - 0.001 -0 .1 9 ^  OO
electrondublet-, triplet-, octet 1 .02-4 .088 1024-4096 2 • 83—8 ■ 83=  81

4 f  suborbit of the atom -structural N

covO1CO (instable thin
electron shell

32 768 85
plates) 

(instable th in
65 536 2 ■ 85 plates)

p myon 105.6 98 304 3 • 85 + 7 .3 + 6 .9 2.2 • 10- e
S - Z
n

difference
pion

126 1 
139.6/ 131 072 4 • 85 + 8 .5 +  6.4 2.6 • 1 0 -8

less stable thick plates 5 • 85—7 • 85

О1ОrH1СОö

Z - p
K—71

difference
difference

254 1 
350.7/ 262 144 8° - 8.0 - 3 .1

У
r1

meson (kaon) 
meson

4951
549/ 524 288 2 • 8» - 2 9  

+  25
- 5 .8
+ 4 .6

Q
CO

meson
meson

765
783 786 432 13 • 8G 

(3 ■ 8° - 2 1 + 2 .7 ~ 1 0 -23

p proton 938.3 884 736 (123)(83) + 53 .5 + 5 .6 /V/ OO
n neutron 939.6 885 248 (123)(83) +  83 +  54 +  5.8 918

<p meson 1019.5 1 4 • 86 - 2 9 - 2.8 2.5 • 10- 10
Л barvon 1115.6 1 1 048 576 4 • 8® +  67 + 6 .9 0.8 - 1 0 -10
z baryon 1189.4-1197.4 J 4 • 8« +  141 +  11.9 1.4 ■ 10- 16
3 baryon 1315-1321 1 310 720 5 • 8« - 0 .4 1.6 • 3 • i o - 10
CO baryon 1672.2 1 572 864 6 • 8® + 99 .4 + 5 .9 1.3 • i o - 10

1 835 008 7 • 86
2 097 152 87

V particle Vi 3095 3 145 724 1.5 • 87
V't 3700 4 194 304 2 • 87

theoretical lim it 104 10 485 760 5 • 8® -4 8 6 -4 .8 6
16 777 216 8s
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o f th e  e lec tro n , resp ec tiv e ly . T h e  ro ta tio n  o f  th e  o th e r  partic les b e in g  p a ra lle l 
w ith  t h a t  o f  th e  p ro to n  (i.e. th e  po sitiv e  charge) re s tra in s  th e  ve lo c ity  a n d  m akes 
th e  re la tiv is tic  m ass decrease. T h is is t ru e  in v e rse ly , as well: th e  in c re a se  o f 
m ass is “ a d v a n ta g e o u s”  fo r th e  n eg a tiv e  ch arg e .

T h ree  re la tio n sh ip s  can  he concluded  fo r b a ry o n s  on th e  b as is  o f  th is :
a) B y  m eans o f increasing  m ass th e  e lec tric  ch a rg e  o f b aryons is d isp laced  
fro m  th e  po sitiv e  d o m in an cy  to w ard s  th e  n e g a tiv e  one (in  case o f n u c leo n s  +  
a n d  0, in  t h a t  o f Л -p artic le s  2 +  , 1 +  , 0, — ; in  t h a t  o f  27+ , 0 , — ; in  t h a t  o f  Я  0 
a n d  — ; in  case o f  th e  ß -h y p e ro n  on ly  m o d ifica tio n , ß )  W ith in  th e  sam e  b a ry o n  
species th e  m ass increases (m oving  from  th e  p o sitive-charge  to w a rd s  m o d if i­
c a tio n  o f n eg a tiv e  charge , th ro u g h  zero), y )  T he in c rease  o f re la tiv is tic  v e lo c ity  
d isp laces th is  s ta te  to w ard s  th e  n eg a tiv e  e lec tric  ch arg e .

T h e  d is tr ib u tio n  o f  th e  e lec tric  charges c a n  be sum m arized  in  fo u r 
ru le s  (a, b, c, d) re la te d  to  th e  m orpho logy  o f p a rtic le s .

Tw o ty p e s  o f th e  s tru c tu re s  ex is t: e lo n g a ted  s tru c tu re s  o f c o lu m n a r  c o u p l­
in g  s itu a te d  p ara lle l w ith  th e  ro ta tio n  ax is, a n d  lam ella r s tru c tu re s  co u p led  
a long  th e  e q u a to ria l p lane  an d  p e rp e n d ic u la rly  o f  th e  ro ta tio n  axis. I n  case  o f 
co lu m n ar coupling:

a )  th e  partic les  ro ta t in g  in  th e  sam e d ire c tio n  as th e  p ro to n  r o ta t io n  are 
o f  p o s itiv e  elec tric  charge , an d  th o se  ro ta tin g  in  opp o site  d irection , i.e . in  t h a t  
o f  th e  e lec tro n , are  o f n eg a tiv e  charge;

b)  th e  8 n com ponen ts consisting  o f th e  sam e n u m b e r of opposite  r o ta t in g  
p a rtic le s  a re  o f zero elec tric  charge

I n  case o f  eq u a to ria l coupling :
c) th e  opposite  ro ta tio n  d irec tions o f  th e  com ponen ts are c o m p e n sa te d  

b y  an y  possib le jo in  ro ta tio n  d irec tio n  o f  th e  w hole p a rtic le , i.e. zero  e lec tric  
ch arg e  is p ro d u ced ;

d )  in  case o f th e  p a r t  o f  m  =  5 th e  ro ta t io n  d irections o f th e  e x te rn a l  
co m p o n en ts  are  th e  sam e, th u s  th is  is e ith e r  com p en sa ted  to  zero b y  th e  jo in  
ro ta tio n  o f  th e  p a rtic le , or in  sense o f th e  у-ru le  i t  is tran sfo rm ed  to  a  p a r t ic le  
o f  n eg a tiv e  charge.

A ccord ing  to  th e  ru le  c, th e  d ece le ra ted  p s i-p a rtic le  of 2 • 8 7 s t r u c tu re  
is  o f  0 e lec tric  charge. T h e  s im ila ritie s  in  m o st o f  th e  q u an tu m  m e c h a n ic a l 
v a lu es  o f th e  çj-meson an d  Л -h y p tro n  co rresp o n d  to  th e ir  sim ilar s tru c tu re s .  
In  th e  со-m eson  tw o of th e  th re e  com ponen ts ro ta te  p ara lle l, i.e. repel each  o th e r . 
T he sp in  o f th is  s tru c tu re  is 3/2.

T h e  (m 8") resonance  fu n c tio n s  also in  th e  p o w erfu l and  space q u a n tu m  
m u ltip lic a tin g  p artic le  collisions, resp . in  th e  n u c le a r  reactions. T h e  p h o to n  
co llid ing  th e  p ro to n  m ay  gen era te  tw o (83) s tru c tu re s  o f opposite  ro ta tio n  in  th is  
w ay , i.e . th e  p o sitro n  a n d  e lec tro n  (C h ap te r I I I ) .  T h e  tra n s itio n a l g e n e ra tio n  
o f  th e  p s i-p a rtic le s  d u rin g  th e  th e  pow erfu l e lec tro n -p o sitro n  a n d  p ro to n -  
p ro to n  collision , as w ell as t h a t  o f th e  (83) s tru c tu re s  sp littin g  from  th e  p ro to n
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m a y  b e  also re la te d  to  th e  m u ltip lica tio n  o f  th e  re s o n a n t space q u a n ta . T hese 
co llisions gen era te  s t ru c tu re s  of ab o u t (2 • 8 7), m o re  ex ac tly  (4 -f- 4 -j- 4 -f- 
-}-4) 8 e, b u t  th is  s t r u c tu r e  is  som ew hat d e c e le ra te d  ju s t  due to  i ts  g re a t  m ass 
(as co m p ared  to  th e  l ig h t  v e loc ity ), c o n se q u e n tly  th is  w ould p ro v id e  a  re la tiv -  
is t ic a lly  d e fic ien t m ass  v a lu e  (abou t 7 1/2 • 8 7).

P a ra lle l w ith  th e  fu r th e r  increase o f  th e  n u m b e r  o f coupling e lec tro n o id s  
th e  n u m b e r o f e igcn -freq u en c ics  also increases, i ts  in te n s ity  an d  also th e  sy m ­
m e try  decrease, th u s  th e  e lec tron  d e fo rm a tio n  a n d  due to  th is  th e  repe lling  
e ffec t becom es p re d o m in a n t. T hus, th e  n u m b e r  o f  coupling e lec trono ids does 
n o t  exceed  th e  v a lu e  o f  2 • 84 (i.e. co n cern in g  space  q u a n ta  th a t  o f  2 • 87).

G rea t n u m b e r o f  non-zero  sp in  m esons a n d  n o n -l/2 sp in  b a ry o n s  ex ist. 
M ost o f  th is  ty p e  o f  p a rtic le s  occur b e tw e e n  th e  space q u a n tu m  n u m b ers  
N  =  6  (8°) =  1 572 864 a n d  N  =  1203 =  1 728 000. T he space q u a n tu m  n u m ­
b e r  N  — 87 =  2 097 752 is exceeded on ly  b y  a  few  partic les.

T he energy  q u a n tu m  corresponding  to  th e  space q u a n ta  ( th e  p ro d u c t o f 
th e  P la n c k -c o n s ta n t a n d  o f  th e  frequency : E 0 =  hv =  1010 eV, o r ex p ressed  b y

h
th e  t 0 tim e  q u a n tu m  E 0 — — ) seems to  re p re s e n t  th e  possible g re a te s t  energy

To
q u a n t i ty  w hich is a ss ig n ed  to  one space-tim e  q u a n tu m . B y m eans o f  th e  s tro n g  
sy m m e tric  ro ta t io n  o f  sp ace  q u a n ta  th is  en o rm o u s  energy  o f space  q u a n ta  is 
b a la n c e d  w hen a c c u m u la tin g  in  th e  p a rtic le s . T h e  ,E0-value w ould  b e  reach ed  
b y  a  p a rtic le  o f  104 M eV m ass and  of a b o u t N  =  5 • 8 7 space q u a n tu m  n u m b e r, 
a n d  in  form  o f th e  r o ta t io n  energy of th e  sp a c e  q u a n tu m  group  assem blage . 
O ne w onders w h e th e r  th is  is th e  th e o re tic a l l im it  to  th e  g ro w th  o f  p a rtic le s  
b y  m eans of ra n d o m  fe t t in g , over w hich o n ly  th e  equ ilib rium  p ro to n  (n eu tro n ) 
s tru c tu re s  m ay  co u p le  each  o ther to  a to m ic  n u c le i?

In  case o f  th e  m esons o f sm aller m ass th e  dece le rating  effect o f  opposite  
ro ta t io n  is m ore co n sid e rab le , thu s th e  m ass o f  p io n  m odifica tion  o f  0 e lec tric  
ch a rg e  is also sm a lle r  th a n  th a t  o f th e  p o s itiv e  an d  negative  m o d ifica tio n s 
(-f- an d  — p ion  139.6  MeV, p ion0 134.97 M eV). C onsequen tly , th e  s ta b il i ty  and  
th e  life tim e o f th e  m o d ifica tio n  of 0 e lec tric  c h a rg e  is sh o rte r (-)- a n d  — pion  
2 .6  • 1 0 -8  s, p io n 0 0 .8  • 1 0 -16 s).

I n  th e  k a o n  o f  g re a te r  mass d iffe ren t e ffe c t are  ac ting  (m asses o f  +  an d  
— k ao n , resp . k a o n 0; 493.7 , resp. 497.8 M eV; life tim es o f -f- and  — resp . 0 -kaon : 
1.23 • 1 0 -8  s, re sp . 0 .89  • 1 0 -10 s, th a t  o f K * 1 0 -23 s in  order o f m a g n itu d e , b u t  
a  long-liv ing  m o d if ic a tio n  also ex ists: K °, : 5.2  • 1 0 ~8 s). In  case o f  th e  tro u b le ­
som e kaons q u a n tu m  m echanics should  t a k e  in to  accoun t th e  spec ia l fea tu re s  
o f  th e ir  co m p o n en ts , i.e . o f  th e  tw o (8°) s tru c tu re s . In  th e  (8°) s tru c tu re  83 
elec trono ids each  c o n s is tin g  of 512 space q u a n ta  couple each o th e r  re-in fo rc ing  
th e  ro ta tio n  o f  n e a r ly  l ig h t  velocity  w ith  c o m p le te  resonance. I t  m ean s in  itse lf  
a  s ta te  over th e  l ig h t  v e lo c ity , w hich th e re fo re  c a n n o t be realized . C o nsequen tly , 
th e  8° s tru c tu re  does n o t  ap p ear in d iv id u a lly , b u t  som e o f th em  to g e th e r  gener­
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a te  “ ra re ”  p a rtic le s  in  assoc ia ted  g en e ra tio n s . T h is m ay  p ro v e  th e  re la tiv is ti-  
ca lly  increased  g re a te r  m ass o f kaons o f 0 c h a rg e , am ong  o th ers  th e  occurrence  
o f  th e  long-liv ing  m o d ifica tio n  w hich decom poses to  th ree  p ions. In  th e  e q u a to ­
ria l p lane  of th e  k a o n  th e  increased  v e lo c ity  m a y  gen era te  a th ird  p h ase  o f  d iag ­
o n a l e lcc trono id  ro ta t io n  being  th e  r e s u l ta n t  o f  th e  oppo site  d ire c tio n  o f  
ro ta t io n  o f  th e  tw o  8G s tru c tu re s  w hich seem s to  sm oo th  th e  d ece le ra tin g  f lu c ­
tu a t io n  o f th e  o rig in a l tw o  opposite  ro ta t io n s  a n d  p refo rm s th e  th re e -p io n  
decom position .

As a  re su lt o f  th e  o v er-reso n an t s ta te  i t  is n o t  u n ex p ec ted  t h a t  th e  iso­
m e tric  86 s tru c tu re  o f  h ig h  resonance v a lu e  is n o t know n  as an  in d iv id u a l p a r ­
tic le  an d  in s tead  o f  th is  so-called jo in t  g e n e ra tio n  occurs th e  c ritic a l lim it 
o f  w hich  is d raw n  ju s t  a t  th e  m ass va lu e  o f  th e  86 s tru c tu re . T he ra re  p a rtic le s  
(kaons an d  h y p ero n s) a re  g en era ted  a t  th is  v a lu e , i.e . th e  s tru c tu re s  o f  non-zero  
sc a rc ity  w hich a re  g e n e ra te d  on ly  to g e th e r  w ith in  a  re la tiv e ly  v e ry  sh o r t  tim e  
(a b o u t 1 0 -23 s) a n d  w h ich  a re  o f very  h ig h  th re sh o ld  energy. T h e ir g en e ra tio n  
sh o u ld  he sh a rp ly  d is tin g u ish ed  e.g. from  th e  non-assem blage-like  decom posi­
t io n  o f  th e  ra re  p a r tic le s  p roceeding  m ore slow ly  an d  b y  m eans o f w eak  in te ra c ­
tio n . I t  is assum ed  t h a t  in  case o f jo in t  p a r t ic le  gen era tio n  th e  8® s tru c tu re s  
rep re sen tin g  th e  e q u ilib r iu m  are  consum ed to  g en era te  th e  m ore com plex  p a r ­
tic les , m oreover in  th is  process ce rta in  p a r tic le s , i.e . th e  kaons o n ly  a p p ro ach  
th e  m  (85) s tru c tu re  in  lack  o f su ffic ien t n u m b e r  o f ro ta tin g  space q u a n ta .

B y  m eans o f  loose, low  co o rd in a tio n  n u m b e r  o r ran d o m  f i t t in g  a n d  o f  
g en era tin g  space q u a n tu m  p a r ts  o f d iffe re n t d e n s ity  th e  g re a te r  n u m b e r o f  
e lec trono ids (83 s tru c tu re s )  deform  th e  sp ace  q u a n ta  and  th e  re su ltin g  p o te n ­
tia ls  c u t dow n th e  s ta b i l i ty  o f partic les. I n  case  o f  th e  densest f i t t in g  an d  abso-
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l a t e ly  u n ifo rm  d ensity  d is tr ib u tio n  th e  p o te n tia l  is re s tr ic te d  to  m in im u m . U n i­
fo rm  so lid  spheres produce th e  d e n se s t space f i t t in g  in  case o f th e  d en ses t m o s t 
u n ifo rm  c o o rd in a tio n  n u m b er o f  12 (12 d irec t c o n ta c t fo r each  sphere). A m ong  
th e  sp a c e  q u a n tu m  groups o f  p a r tic le s  th e  possib le  g re a te s t s ta b ility , a n d  a t  th e  
sam e  t im e ,  th e  longest life tim e  is p ro d u ced  b y  s tru c tu re  consisting  o f e lec tro - 
no ids sh o w in g  uniform ly  a c o o rd in a tio n  n u m b e r o f  12 in  th re e  d irec tio n s o f  th e  
sp ace , i.e . 123 =  1728, th a t  is co n sis tin g  o f  N  =  (123) (8 3) =  884 736 sp ace  
q u a n ta .  T h is  corresponds fa ir ly  w ell (1 0 ~ 3 N  ~  938 .3  MeV) to  th e  k n o w n  m o st 
s ta b le  p a r t ic le ,  i.e. to  th e  proton  (F ig . 6 ).

I n  th e  ab o u t tw o th o u s a n d  tim es  g re a te r  p ro to n  th e  ro ta tio n  ax es o f 
e le c tro n o id s  are sligh tly  d iv e rg in g  a ro u n d  th e  com m on ro ta tio n  ax is g e n e ra tin g  
in  th i s  w a y  th e  resistance a g a in s t th e  d isp lacem en t o f ro ta tio n  axis.

T h e  123 =  1728 e lec tro n o id s  o f  th e  p ro to n  are  a rran g ed  in  6  la y e rs . 
I n  th e  e q u a to r ia l  p lane, 4, 12, 20, 28 , 36, 44, i.e. 1.4, 3.4, 5.4, 7.4, 9 .4 , 11.4 
( a l to g e th e r  144) electronoids o ccu r.

T h e  d e te rm in a tio n  o f co m p lex  ro ta t io n  o f  th e  s tru c tu re  an d  o f  i ts  e lem en ­
t a r y  p a r t s  m a y  co n trib u te  to  th e  know ledge  o f th e  p artic les . H ere , th is  w ill be 
c a r r ie d  o u t  fo r th e  p ro to n .

A cco rd in g  to  th e  in d e te rm in a c y  p rin c ip le , th e  v isu a liza tio n  o f  s tru c tu re s  
b e lo w  1 0 -13  cm  seems to  be  in ad m iss ib le . H ow ever, in d e te rm in a c y  co n cern s 
o n ly  th e  canon ic  co n ju g a ted  v a lu e s . T he ro ta t io n  ax is Z  p e rp en d icu la r to  th e  
d ra w in g  p la in  is n o t c o n ju g a te d  to  th e  p lace  an d  im pulse axis X  a n d  Y .  T h u s  
th e  f ig u re  does n o t rep re sen t n e i th e r  p laces an d  im pu lses, nor tim es a n d  e n e r­
g ies, b u t  th e  m eans o f th e  re la t iv e  ro ta tio n  o f  th e  e lectrono ids. A t le a s t  a 
ro u g h  d e lin ea tio n s  o f th e  p ro to n ic  d y n am ism  y ie ld  a lread y  a m odel —  a p p ro a c h  
o f  th e  p ro to n .

A cco rd in g  to  its  t r ip le  h ie ra rc h y  level, th e  p ro to n  is c h a ra c te riz e d  b y  
th r e e  ro ta t io n s  and  tw o  c o u n te r - ro ta t io n s :  tw o  k inds o f  ro ta tio n  o f  th e  space  
q u a n ta  ± v r, those o f e lec tro n o id s  J -ve, as well as th e  ro ta tio n  o f vp v e lo c ity  o f 
th e  w h o le  p ro to n ; th e ir  l im itin g  v a lu e  is th e  lig h t v e loc ity  in  all cases.

H e re ,  only  th e  com plex  ro ta t io n  o f e lec trono ids w ith in  th e  p ro to n  will 
b e  d e a l t  w ith . No general re g u la r itie s  c a n  be  m en tio n ed  in  re la tio n  w ith  th e  
r o ta t io n  o f  space q u a n ta  w ith in  th e  e lec tro n  due to  th e  large-scale d efo rm ab il- 
i t y  o f  th e  in d iv id u a l e lec tro n s. I n  th e  solid  p ro to n , how ever, fixed  in  a com plex  
m a n n e r ,  th e  ro ta tio n s  o f e lec tro n o id s  an d  sp h erica l shells consisting  o f  e le c tro ­
n o id s  c a n  be u n am biguously  e s ta b lish e d  (F ig . 6 ).

T h e  an g u la r velocities o f  e lec tro n o id s  an d  o f  th e ir  space q u a n ta  w ith in  th e  
p r o to n  a re  inverse ly  p ro p o rtio n a l to  th e  ra d ii. W hile  p ro to n  ro ta te s  one  tim es , 
th e  e le c tro n o id  ro ta te s  s ix  tim e s , th e  space  q u a n tu m  6 x 4  =  24 -tim es. T he 
p e r ip h e ra l  speed  of th e  la y e rs  in  w h ich  th e  co m ponen t is  found  a re  a d d e d  to  
th e  a n g u la r  velocities o f  th e  co m p o n en ts . T h e  p e rip h e ra l speed o f  th e  e le c tro ­
n o id  sp h e ric a l shells u n d e rly in g  each  o th e r  an d  co -ro ta tin g  w ith  th e  p ro to n
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decrease  d ire c tly  p ro p o rtio n a lly  w ith  th e  ra d ii  o f th e  shells. As co m p ared  to  
th e  u n i t  v e lo c ity  o f th e  p ro to n  th e  p e rip h e ra l speed o f th e  s ix  shells are 
(F ig . 7) V 1 =  0.17, V 2 =  0 .33, V 3 =  0.50, V 4 =  0.67, Vs =  0 .83 a n d  F„ =  
=  1.0. I n  th e  cen tres  o f th e  shells, re sp . o f th e  e lec trono ids th e  v e lo c itie s  are  

tq  -  0 .08, v2 — 0.25, v 3 =  0.41, v4 =  0.58, vs =  0.75 an d  r e =  0.91. T he 
v e lo c ity  increases, resp . decreases in  th e  n o rm a l, resp . opposite  ro ta t in g  phases 
o f  th e  e lec trono id -edges (F ig . 6 ). In  each  shell th e  i>, average  v e lo c itie s , resp . 
th e  p ro p o rtio n a l p a th w a y s  o f  th e  e lec tro n o id s  a re  g iven  b y  th e

dj =  (я г , +  2 r,) +  (яг,- — 2 г,-)

re la tio n sh ip , w here rf =  v jn .  In  th is  w ay , each  g iven  p o in t o f th e  e lec trono id - 
edges describes an  a sy m m etric  w ave-cu rve  in  th e  th re e  e x te rn a l shells, resp . 
a sy m m etric  sp ira l in  th e  in te rn a l th re e  shells be ing  p a ra lle l w ith  th e  shells 
w ith in  th e  p ro to n . W ith in  one shell th e  w ave, re sp . sp ira l curves o f  th e  e lec tro ­
no ids ro ta t in g  in  d iffe ren t w ay  are  th e  h a lf-d isp laced  im ages o f  each  o th e r.

T h e  to ta l  p ro p a g a tio n  o f  one c ircu m fe ren tia l p o in t o f th e  e lec tro n o id  in  
th e  shell is , to o :

Dj =  (я г , +  2 Tj) +  (я г , — 2 r,) =  2 г ,я .

C onsequen tly , th e  th re e  e x te rn a l shells d iffer from  th e  th re e  in te rn a l  
ones: on th e  one h a n d , in  th e  shape  o f p a th  o f  th e  e lec trono id -edges (w ave- 
c u rv e , re sp . sp iral-like), a n d  in  th e  p ro p a g a tio n  v e lo c ity  o f e lec tro n o id  c ircu m ­
ferences, on  th e  o th e r. In  th e  th re e  e x te rn a l shells th e  elec trono id  c ircum ferences 
p ro p a g a te  co n tin u o u sly  fo rw ard  to g e th e r  w ith  th e  shell, in  th e  th re e  in te rn a l 
ones, how ever, th e se  possess b a c k w a rd  p ro p a g a tin g  sections, to o .

T h e  ro ta tio n  o f th e  th re e  e x te rn a l an d  th re e  in te rn a l e lec tro n o id  shell 
p ro d u ces oppo site  e lec tric  charge . A ccord ing  to  th e  cycle v iew , th e  e lec tric  
ch a rg e  is th e  a ttra c tin g , re sp . repe lling  in te ra c tio n  o f  th e  p ara lle l, re sp . oppo site  
ro ta t io n  o f  th e  p ro to n  a n d  e lec tro n . Such in te ra c tio n  occurs also w ith in  th e  
p ro to n  co n sisting  o f e lec tro n o id s . In  th e  th re e  e x te rn a l shells p o s itiv e  ch a rg e  is 
p ro d u ced  b y  th e  p a ra lle l p ro p a g a tio n  d irec tio n  o f  th e  p ro to n  an d  o f  th e  e le c tro ­
no ids w hile th e  p a r t ly  o p p o site  p ro p a g a tio n  d irec tio n  o f th e  e lec tro n o id s  in  th e  
th re e  in te rn a l shells g en era tes  n e g a tiv e  charge . T h e  in te rly in g  leve l se p a ra tin g  
th e se  is a  seco n d ary  su rface  o f  zero ch arg e  w hich  is s im ilar to  th e  m o s t e x te rn a l 
p r im a rily  zero -charged  e lec tro n o id  shell rep re sen tin g  th e  p ro to n  su rface . T he 
m ag n itu d es  o f  charges a re  d e te rm in ed  b y  th e  a fo re -m en tioned  V ± . . . V e c ir­
cu m fe ren tia l velocities o f  each  shell (F ig . 7). T h u s , th e  follow ing ch a rg e  values 
are  o b ta in e d : th e  level o f  0.17 v e lo c ity  rep re sen ts  ■—1/3 charge as co m p a re d  to  
th e  seco n d ary  zero -su rface ; th e  level o f 0.33 rep re sen ts  —1/3 charge  as c o m p ared  
to  th e  p r im a ry  one; th e  leve l o f  0.67 is + 2 /3  as co m p ared  to  th e  p r im a ry  one; 
w hile th e  level o f  0.83 re p re se n ts  + 5 /6  charge as com pared  to  th e  p r im a ry  one,
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re sp . w ith in  th e  tw o  zero -su rfaces  + 2 /3  ch a rg e . O b v iously  th e  th re e  low er 
lev e ls  co m p en sa te  each  o th e r  ( + 2 /3  +  (— 1/3) +  (— 1/3) =  0). T he leve l o f  5/6 
c h a rg e  re p re se n ts  a s e p a ra te  u n it .

T h e  sy stem  o f th e  in te rn a l  shells o f one + 2 /3  a n d  tw o — 1/3 ch arg e  m ay  
c o rre sp o n d  to  th e  basic  q u a rk  deduced  b y  G ell M ann  an d  also ch a rac te rized  
b y  SL!(3) sy m m etry , w hile  th e  ex te rn a l shell o f  + 5 /6  charge  m ay  he co rre la ted  
to  t h e  so-called  c h a rm in g -q u a rk  o f SU(2) s y m m e try . I t  is possible th u s  t h a t

Fig. 7. Velocities an d  charges of the electronoid  shells of proton

th e  e lec tro n o id  shells a re  in  d ire c t con n ec tio n  w ith  o r rep re sen t th e  d iffe ren t 
ty p e s  o f  q u a rk s .

T h e  sine-line o f  th e  e le c tro n  ro ta tio n  a t  th e  p ro to n ’s m arg in  p roduces 
12 X 4 4  =  528 f lu c tu a tio n s  p e t 10~23s. A cco rd ing  to  C h ap te r  IV . th is  is consid­
e re d  as th e  source o f  g ra v ita tio n .

A ccord ing  to  th e  q u a rk  m odel, th e  m esons a re  b u il t  up  b y  one q u a rk  an d  
o n e  a n ti-q u a rk  w hich  in  h a rm o n y  w ith  o u r m o d e l c a n  be re la te d  to  th e  one­
d im e n s io n a l s tru c tu re  o f  th e  m esons. (W hen  in te rp re tin g  th e  re la tiv is tic a lly  
g ro w in g  m ass o f q u a rk s  b e in g  g rea te r  th a n  t h a t  o f  th e  p ro to n  i t  is to  be ta k e n  
in to  ac c o u n t th a t  in  o u r  m odel th e  re la tiv is tic  in c rea se  o f m ass occurs in  th e  
sp ace  q u a n tu m  o f l ig h t v e lo c ity  )

5. Jo in t direction o f  rotation. Proton-neutron iso-doublet. Matter and anti­
matter. O n th e  basis o f  th e  coup ling  ru les n o t o n ly  th e  sim ple p a rtic le s  b u t  also 
th e  s t ru c tu re  o f th e  atomic nuclei can  be  d e d u ced  (F ig . 8 ). T he s tru c tu re s  
o b ta in e d  in  th is  m a n n e r  re f le c t n o t on ly  th e  s ta b i l i ty  o f  nuclei, th e  iso b a r ru le  
o f  th e  p a ire d , resp . im p a ire d  m ass n u m b ers , i.e . th e  cosm ic freq u en cy  o f ele­
m e n ts  as w ell as th e ir  m ag ic  n u m b ers , b u t  also  in te rp rè te  th e  schem es o f th e  
re la te d  e lec tro n  shells. I n  th e  fig u re  th e  d o u b le  o f  th e  w id th  o f th e  d eu te ro n  
n u c le u s  is d e m o n s tra te d  as longer d iam e te rs . T h e  d iag ram  ex ten d s  up  to  th e
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Fig. 8. Models of a tom ic nuclei
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F e -m a ss  nu m b er. O ver th is  ra n g e  th e  s tru c tu re  c a n n o t be  d e m o n s tra te d  in  
p la n e ,  s p a tia l  m odel w o u ld  b e  requ ired .

T h e  fo rm atio n  o f  th e  n e u tr o n  and  th e  co u p lin g  o f  n e u tro n  and  p ro to n  in  
th e  co m p lex  nucleons fo llow s d irec tly  from  th e  cycle  v iew . Two p ro to n s  
—  r o ta t in g  necessarily  in  t h e  sam e  d irec tions, th u s  rep e llin g  each  o th e r  —  
c a n  jo in  to  a com plex n u c le o n  (e.g. d eu te riu m ) fo rm in g  a space q u a n tu m  
w h irl b e tw een  th em , w h ich  r o ta te s  in  th e  o p p o site  d ire c tio n  and  have  o p p o site  
c h a rg e . A lready  N  =  (8 3) sp a c e  q u a n ta , i.e. th e  e le c tro n  is su ffic ien t to  co m ­
p e n s a te  th e  charge o f one o f  t h e  p ro to n s  w hich is so tra n s fo rm e d  in to  a n e u tro n . 
A ll co m p lex  nucleons o f  h ig h e r  a tom ic  n u m b er c o n ta in s  such  p ro to n —n e u tro n  
p a ir s ,  ab o v e  th e  a to m ic  n u m b e r  40 even m ore  e lec tro n ized  n eu tro n s  th a n  
p ro to n s .  A ccording to  th e  d e fo rm a b ility  of th e  e le c tro n , i t  m ay  form  an  e q u a ­
to r ia l  b e l t  a round  th e  n e u tro n iz e d  p ro ton  (F ig . 9). T h e  circum ference o f  th e  
e q u a to r  is 300 space q u a n tu m  lo n g , th e  d iam ete r o f  th e  p ro to n  is 12 e lec tro n o id , 
i.e . 12 .8  space q u a n tu m  lo n g . T h is  is 40 space q u a n ta  m ore  th a n  th e  pea rl-lik e  
e lo n g a te d  n eu tron iz ing  e le c tro n  (512 : 2 =  256) p lu s  th e  likew ise e lo n g a ted  
n e u tr in o  (8 : 2). (13 .8%  d iffe ren ce  by  th e  im p erfecn ess  o f th e  pea rl-lik e  
s tru c tu re ? )

I f  th e  n eu tro n  o f  a  s im ila r  s tru c tu re  e n te rs  n u c le a r  reac tio n  b y  collision, 
i t s  v e lo c ity  w ill t r a n s i t io n a l ly  decrease to  zero , th e  space q u a n ta  o f  th e  
b a la n c in g  ring  d ep a rt a n d  a re  coupled  to  th e  co rre sp o n d in g  equ ilib rium  sy s­
te m s , i.e . one elec tron  a n d  n e u tr in o , th e  n e u tro n  its e lf  tran sfo rm in g  in to  a 
ch a rg e -b ea rin g  p ro to n . T h is  is  th e  w ell-know n n —>■ p + e~ v re ac tio n .

T h e  p ion and  from  i t  t h e  m y o n  are fo rm ed  m a in ly  in  th e  eq u a to ria l p lan e  
o f  th e  p ro to n -n eu tro n  iso -d o u b le t, thus also th e s e  a re  o f lam ella r sh ap e .

T h e  jo in t ro ta tio n  does n o t  rep resen t en e rg y  su rp lu s , b u t  is th e  re s u lta n t 
o f  r o ta t io n  energies o f  e v e ry  second  space q u a n tu m  o f  th e  sam e d irec tio n . A t 
th e  sam e  tim e, th e  ro ta t io n  o f  th e  space q u a n ta  o f  o p p o s ite  ro ta tio n  also ex is ts . 
D u e  to  th e  uniform  en v iro n s , how ever, only one ro ta t io n  d irec tio n  is m an ife s ted  
o u tw a rd s  in  our w orld , n a m e ly  w hich p roduces th e  n eg a tiv e  charge o f  th e  
e le c tro n  and  th e  p ositive  c h a rg e  o f the  p ro to n . T h e  p a rtic le s  of opposite  r o ta ­
t io n ,  i.e . th e  positron  (a n tie le c tro n )  and th e  a n t ip ro to n  can  be p roduced  on ly  
a r tif ic ia lly . F rom  th e  tw o  k in d s  o f ro ta tio n  d ire c tio n  o f  th e  p a rtic le s , th e

Deuteron
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d u a lity  as well as th e  ch arg e  p a r ity  an d  charge  co n ju g a tio n  o f  th e  p a rtic le  and 
a n ti-p a rtic le , i.e. o f  th e  m a tte r  an d  a n t i—m a tte r  can  be d ire c tly  deduced .

B o th  possible ro ta t io n  d irec tio n  o f  th e  w hole o f  th e  p a r tic le  rep resen t 
n e a r ly  equ ilib rium  s ta te , th u s  th e  ro ta tio n  a n d  rev o lu tio n  o f  th e  su rround ing  
space  q u a n ta  can  be tra n s fo rm e d  in to  th e  oppo site  w ith o u t re s is ta n c e , depend­
in g  on th e  e n v iro n m e n t.

T he re la tio n  b e tw een  th e  ro ta tio n  o f  th e  p a rtic le  as a w hole an d  th a t  of 
i ts  in d iv id u a l space q u a n ta  can  he in te rp re te d  in  tw o w ays. I t  is m o st simple 
to  assum e th a t  th e  v e lo c ity  o f space q u a n ta  o f sam e d irec tio n  is a d d ed  to  the  
to ta l  ro ta tio n  o f lig h t v e lo c ity . B u t in  th is  case th e  v e lo c ity  o f  th e  m arginal 
space  q u a n ta  w ould  he  2c, i.e. i t  w ould  exceed th e  lig h t v e lo c ity 8. (T he assum p­
tio n  o f velocities g re a te r  th a n  th e  lig h t v e lo c ity  w as m ade in  cosm ology  several 
tim es  a fte r  E in s t e in .). F u r th e r  i t  can  be  assum ed  th a t  th e  v e lo c ity  o f  th e  space 
q u a n ta  o f pa rtic le s  decrease  to w ard s  th e  m arg in s  in  such  an  e x te n t  th a t  the  
su m  o f th e  jo in t an d  eigen  velocities eq u a ls  alw ays th e  lig h t v e lo c ity , i.e. the  
eigen  velocity  o f th e  m arg in a l space q u a n ta  is zero.

T he d irec tio n  o f  ro ta t io n  (a p p a re n tly )  becom es o p p o site  ev en  ro ta tin g  
th e  ro ta tio n  axis b y  180°. T h u s, th e  p o sitio n  o f th e  n o r th e rn  o r  so u th e rn  pole 
o f  th e  ro ta tio n  axis sh o u ld  also he g iven , accord ing  to  th e  D ir a c  quad rup le  
m a tr ix  [ |  I H----- ] rep lac in g  th e  double  m a tr ix  o f  Sc h r ö d in g e r  —P a u l i.

6 . Remote effects : atom and molecule. Sum m ary o f the coupling. Decomposi­
tion o f particles. E n e rg e tic a lly  th e  fo rm a tio n  o f th e  a to m  can  he  fo llow ed in  the  
s im p les t case, i.e. in  th e  co n d itio n s o f th e  o rb it  o f  one m ain  q u a n tu m  num ber, 
i.e . o f th e  o rb it o f  1— 2 e lec tro n s. I n  th e  space  q u a n ta  o f  th e  v a c u u m  volum e 
o f th e  a to m  a  sim ple p ro to n  or d e u te ro n  g en era tes  a re v o lu tio n  b e in g  of the  
sam e  d irec tio n  as i ts  ow n ro ta t io n  d ire c tio n  a t  le a s t up  to  th e  f i r s t  e le c tro n  shell, 
th e  v < [ c v e loc ity  o f  w h ich  decreases from  th e  e q u a to ria l p la n e  to w a rd s  th e  
po les. T he d irec tio n  o f ro ta t io n  o f  th e  e lo n g a ted  e lec tro n  m ov ing  in  th e  e lectron  
o rb i t  de lim iting  th e  rev o lv in g  space q u a n tu m  sy stem  is opp o site  to  th e  ro ta tio n  
d ire c tio n  of th e  n u c leu s. T h u s , th e  tru e  sy m m e tric  coupling  is v a lid  also  in  th e  
s im p le s t a tom ic  s tru c tu re , h o w erer in  correspondence  w ith  th e  g re a te r  d is­
ta n c e  only  to  decreased  e x te n t. T h e  ro ta t io n  d irec tio n  c h a ra c te r iz in g  th e  posi­
t iv e  charge of th e  p ro to n  is oppo site  to  th e  ro ta t io n  d ire c tio n  d e te rm in in g  th e  
n eg a tiv e  charge o f th e  e lec tro n . A ccord ing  to  o u r m odel, in  th e  a n t im a t te r  th ese  
d irec tio n s o f ro ta tio n  are  o pposite .

C onsequently , th e  e lec tric  charge is th e  in te ra c tio n  o f sy s tem s  consisting  
o f  ro ta tin g  partic les  an d  ac tin g  th ro u g h  th e  revo lv ing  or o sc illa tin g  space 
q u a n ta . A ccording to  th e  ru le  o f  sy m m etric  ro ta tio n , w ith in  th e  revolv ing  
a to m ic  system  th e  p a rtic le s  o f  opposite  ro ta t io n  d irec tio n  a t t r a c t ,  th o se  o f  th e  
sam e  ro ta tio n  d irec tio n  rep e l each  o th e r. I f  th e  ro ta tio n  d irec tio n  o f  th e  nucleus

8 This double ligh t velocity  seems to  be apparen t since velocities are  alw ays relative, 
m easured by the differences to  th e  neighbouring systems.
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is c a lle d  p o s itiv e , th e  charge  o f  th e  p a r ts  ro ta tin g  in  o p p o site  d irec tio n  w ill be 
n e g a tiv e . I f  th e  ro ta tio n  ax is  w o u ld  be opposite , th e  ro ta t io n  d irec tio n  w ould  
also  t u r n  to  opposite . N e v e rth e le ss , accord ing  to  th e  sp in  in e r tia  th e  re la tio n  o f 
r o ta t io n  ax es  is stab le  w ith in  th e  sy s te m  even if  th e  sy s te m  as a w hole is ro ta te d  
in  a n y  d ire c tio n .

N o w , le t  us sum m arize  t h e  s tru c tu ra l  effects o f  space  q u a n tu m  coupling . 
I n  a ll  c a se s  1. th e  fu n d a m e n ta l p h en o m en o n  is th e  sy m m e tric  coup ling  b o u n d  
to  p a ra l le l  ro ta tio n  axes. I n  g e n e ra l, th is  p roduces la m e lla r  s tru c tu re s  coupled  
in  th e  jo in t  eq u a to ria l p la n e . 2 . D u e  to  th e  sm alle r s t r e n g th  of th e  lam e lla r 
fo rm  a s  co m p ared  to  th e  is o m e tr ic  one, th e  re s t  m asses o f th e  sm allest s tru c ­
tu re s  (n e u tr in o , electron) e n d u r in g  a  specific e n v iro n m e n ta l effect a re  s ta b le  
o n ly  i f  th e  sym m etric  c o u p lin g  o f  ro ta tio n  is acco m p an ied  b y  th e  co lu m n ar 
c o u p lin g  e lo n g a tin g  th e  r o ta t io n  a x is  w hich tra n s fo rm s  th e  lam ellae  to  (nearly ) 
is o m e tr ic  s tru c tu re s . P re s u m a b ly , in  th e  case o f  n u c leo n s also som e k in d  of 
c o m p lic a te d  co lum nar c o u p lin g  is  acting . 3. I n  case o f  s tro n g ly  o rien ted  
f ie ld  o f  fo rc e  th e  sy m m etric  r o ta t io n  coupling is tra n s fo rm e d  to  lin e a r  cou­
p lin g . I n  ex trem e  case in s te a d  o f  th e  sym m etric  r o ta t io n  re tu rn in g  in to  i ts e lf  
b y  s p a c e  q u a n ta , a  flow  u n d u la t in g  th ro u g h  th e  sp ace  q u a n ta  develops, e.g. 
in  ca se  o f  th e  electrons o f h ig h  v e lo c ity  (Fig. 3.) a n d  in  th e  e x te rn a l shells o f 
th e  e lec tro n o id s  of th e  p ro to n  (F ig . 6 ), as w ell in  th e  e q u a to r ia l p lan e  o f  th e  
n e u tro n .

U n am b ig u o u s c o rre la tio n  c a n  be  p resum ed b e tw e e n  s tru c tu re s  o f  pa rtic le s  
o f  th e  sp a c e  q u an tu m  m odel a n d  th e  decom position  o f  th e  p a rtic le s . T h e  p a r ­
t ic le s  o f  sh o rte r  life tim e a r e  a lre a d y  d eco m p o sitio n  p ro d u c ts  a n d  derive  
g e n e ra lly  from  nucleons. B y  m e a n s  of release o f  one o r  m ore p a rtic le  com po­
n e n ts  th e  re la tiv e ly  s tab le  a n d  b e t te r  resoning s tru c tu re s  a re  decom posed  to  
p io n s  a n d  to  several sm alle r b a ry o n s  (e.g. to  nuc leons again ). I n  a second s tep  
th e s e  p a r tic le s , resp. th e  o r ig in a lly  sm aller ones decom pose  to  m yons an d  fin a lly  
th r o u g h  th e se  or in d irec tly  to  th e  sm allest p a rtic le s , i.e . e lec trons an d  n e u tr i-  
n o es , re s p . n e u tre tto . T he w e a k ly  reson ing  s tru c tu re s , i.e . o f zero elec tric  charge  
a n d  c o n s is tin g  of tw o o p p o s ite  ro ta tin g  e lem en ts , e .g . th e  zero-pions, th e  
r?-m esons o f  [(1 +  1)8°] s t r u c tu r e  an d  th e  p a r ts  o f  o p p o site  ro ta tio n  o f th e  E°- 
h y p e ro n s  d estro y  each  o th e r  a n d  are decom posed  p a r t ly  o r to ta lly  to  “ y”  
p a r t ic le s , pho tons.

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

T h e  q u an tu m  th e o ry  c h a ra c te riz e s  th e  p a r tic le s  b y  physica l q u a n titie s  
d e te rm in e d  b y  (p a rtly  c o n v e n tio n a l)  in teger n u m b e rs . M ost o f th e m  h av e  been  
m e n tio n e d  earlier. N ow  th e i r  in te rp re ta t io n  acco rd in g  to  th e  space q u a n tu m  
m o d e l (cycle view) w ill be  su m m a riz e d  in  a s im p lified  fo rm .
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T hese in te rp re ta tio n s  c an n o t be a lw ay s  free o f c o n tra d ic tio n s  since 
n e ith e r  th e  q u a n tu m  th e o ry  n o r th e  in te rp re ta t io n  accord ing  to  th e  cycle  view  
a re  com plete ly  e la b o ra te d  a n d  th e ir  re su lt  d iffe r in  some asp ec t.

In  b o th  view s th e  m a in  s ta r t in g  p o in ts  a re  th e  m ass a n d  th e  electric  
ch arg e . H av in g  d iscussed  th e m  i t  is su p e rflu o u s  to  analyze th e se  tw o  p a ra m ­
e te rs . O nly  one fa c t  w ill he m en tio n ed , n a m e ly  th a t  th e  electric  ch a rg e  (Q) is in  
re la tio n sh ip  to  th e  b a ry o n -ch a rg e  (B),  to  th e  sca rc ity  (S) an d  to  th e  isosp in  
co m p o n en t ( I 3) h u t  is n o t  in te rp re te d  h i th e r to  b y  th e  space q u a n tu m  m o d e l.

Q =  h  +
в + s

O ne o f th e  fu n d a m e n ta l n o tio n  in  q u a n tu m  th e o ry  is th e  sp in . T h is  is th e  
im p u lse  m o m en tu m  o f th e  p a rtic le  w h ich  expresses th e  fac t t h a t  i t  b e h a v e s  
“ as i f ”  i t  ro ta te d  a ro u n d  its  ax is. T h u s, in  q u a n tu m  m echanics th e  o rig in  o f  
th e  im pulse m o m en tu m  is u n k now n . A cco rd in g  to  th e  cycle v iew , h o w ever, 
th is  ro ta tio n  is an  o b jec tiv e  re a lity . T h e  p o s itiv e  or negative  v a lu e  o f  th e  sp in  
in d ic a te s  p ara lle l or oppo site  o r ie n ta tio n  as re la te d  to  th e  e x te rn a l f ie ld . In

th e  cycle view  th e  d e te rm in a tio n  o f th e  sp in  b y  th e  expression h =  d eno tes
2 л:

th e  v a lu e  o f  energy  q u a n tu m  b y  one ro ta t io n , re sp . oscillation  d u rin g  one  tim e  
q u a n tu m . Since

К  1 О - 2 3  Ч Р С
h -  E J v  =  E o(1 0 -M sec), th u s  h =  - ° - .

T he m o m en t o f  m o m e n tu m  o f th e  p a r t ic le s — i.e. th e  J  sp in  —  ex p re sse s

th e  en erg y  p er f req u en cy  b y  th e  P la n c k -c o n s ta n t h p e r 360°

d im en sio n s o f th e  en e rg y  p e r  freq u en cy  an d  th e  m om en t o f m o m e n tu m  are  
th e  sam e, e.g. in  th e  cgs sy s tem  J  [g c m 2/s ] . T h e  v alue  1/2 o r o f  i t  in te g e r 
m u ltip le x  o f the ferm ions, i.e . o f  th e  “ a to m fo rm in g ”  partic les c h a ra c te r iz e d  b y  
d e f in ite  p lace -co o rd in a tes  w ith in  th e  a to m  —  corresponds to  th e  one h a l f  o f  th e  
tw o  k in d s  o f  p a rtic le s  fo rm in g  th e  a to m ic  u n it .  T h e  d is tr ib u tio n s  o f th e  fe rm ­
ion s d esc rib ed  b y  th e  F e rm i— D irac  s ta tis t ic s  is  v a lid  also fo r th e  r ig id  s ta te  
w ith  s im ila rly  d e fin ite  p lace -co o rd in a tes . O n th e  c o n tra ry  th e  bosons, e.g. 
p h o to n s , p ions, a lp h a -p a rtic le s  w ith o u t d e f in ite  p lace-coo rd inates in  th e  p h ase  
f ie ld  a re  c h a rac te rized  b y  th e  6p in  u n i ty  (:p h o to n ) or b y  ze ro -sp in  (sh o rt 
l iv in g  m esons), re sp . 2 , 3, 4 . . . sp in  (m esons m a in ly  of g rea te r m asses). T h e ir  
B o se— E in s te in  s ta tis t ic s  is v a lid  also fo r th e  gas-like d is tr ib u tio n  o f  p a r tic le s , 
b e in g  s im ila r to  th e  in d e fin ite  p lace -co o rd in a tes  o f  th e  bosons.

T he lim it v a lu e  o f  th e  zero-sp in  m esons an d  half-sp in  baryons is re p re se n te d  
b y  th e  (4 • 8e) c ritica l s tru c tu re . T he c r itic a l tim e  needed to  th e  co m p le te  
ro ta t io n  o f  th is  s tru c tu re  o f  a b o u t 8 • 1 0 -13  cm  circum ference is 8 • 1 0 ~ 23 sec.
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T his t im e  sep ara tes  th e  re a l  p a rtic le s  from  th e  n u m e ro u s  e lem en tary  resonances 
w h ich  w ill n o t be d e a lt  w ith  here .

Q u a n tu m  m echan ics expresses th e  d ifferences b e tw een  th e  b a ry o n  an d  
m eson  b y  th e  + 1  re sp . — 1 b a ry o n  n u m b er o f  th e  b a ry o n s  and  b y  th e  b a ry o n  
n u m b e r o f  zero (B  — 0) o f  th e  m esons .B aryons a n d  an ti-b a ry o n s  are c h a ra c te r ­
ized  b y  th e  В  =  + 1  re sp . В  =  —1. T he b a ry o n  n u m b e r is conserved , i.e . in  
p h y s ica l processes th e  d iffe ren ce  o f th e  n u m b e r o f  b a ry o n s  and  a n ti-b a ry o n s  is 
c o n s ta n t. T h is can  be d e d u c e d  from  th e  fa c t t h a t  th e  ro ta tio n  d irec tio n  o f  th e  
b a ry o n  p a rtic le s  ro ta t in g  b y  a b o u t lig h t v e lo c ity  ca n  be  changed on ly  s im u lta ­
n eo u sly . M eson does n o t  possess b a ry o n -ch arg e  since  fo r its  com ponen ts th e  
tw o  o p p o site  sp in -o r ie n ta tio n , resp . ro ta tio n  d ire c tio n s  are equally  p ro v id ed , 
th u s  th e  change o f th e  r o ta t io n  d irection  c a n n o t p ro d u ce  change, e ith e r .

T h e  lep to n s c h a ra c te r iz e d  b y  th e  zero -sp in , fo rm  also a pecu lia r sy s te m , 
i.e . a  specia l le p to n  c h a rg e  does ex ist. T he le p to n  n u m b er is also co nserved  
th is  co n se rv a tio n  o f  th e  le p to n  charge m ean s  t h a t  in  case of t ra n s fo rm a ­
tio n  o f  th e  p a rtic le  th e  d iffe ren ce  of th e  n u m b e r o f  le p to n s  is c o n s ta n t a n d  th is  
su g g ests  th e  s im u lta n e o u s  fo rm a tio n  of le p to n  a n d  an ti-lep to n s.

S ca rc ity  (S ) is a v a lu e  occurring  in  th e  jo in t  g en era tio n  o f p a rtic le s , th e  
p a r tic le  ta k e s  S -values d iffe rin g  from  zero in  th e se  processes. T hese p a rtic le s  
o f  non -zero  sca rc ity  are  ca lled  scarce p a rtic le s , su c h  are  th e  kaons a n d  th e  
h y p e ro n s  b a ryons. T h e  sc a rc ity  is also a co n se rv ed  v alue  n o t only  in  case o f 
s tro n g  b u t  also in  case o f  th e  e lec trom agnetic  in te ra c tio n  w hich acco rd ing  
to  th e  space  q u a n tu m  m o d e l, resp . to  th e  cycle v iew  expresses th a t  d u rin g  th ese  
in te ra c tio n s  th e  m  )> 4 (m  86) s tru c tu re s  a re  c o n s ta n t  an d  are stab ilized  b y  th e  
sy m m e tric  ro ta tio n  co u p lin g . T he S  sca rc ity  is r e la te d  to  th e  electric  ch a rg e , to  
b a ry o n  an d  to  th e  th i r d  co m p o n en t o f th e  iso sp in  as i t  has been  m en tio n ed
h a v in g  discussed th e  e lec tric  charge. I t s  n u m e ric a l value changes p a ra lle l
w ith  th e  increasing  m -v a lu e  o f  th e  (m 8e) s t ru c tu re :

Л  an d  27 b a ry o n s  o f  4 • 8e s tru c tu re : S  =  — 1
27 b a ry o n s o f 5 • 86 s tru c tu re : S  —  — 2
Q  b a ry o n s o f  6  • 86 s tru c tu re : S  =  —3

T h a t  is, th e  sc a rc ity  o f  b a ry o n  is in v e rse ly  p ro p o rtio n a l to  th e  m ass, i.e. 
to  th e  n u m b e r o f  c o m p o n en ts .

T he v alue  o f  iso sp in  (I) gives th e  n u m b e r  o f  m odifications o f  d iffe ren t 
e le c tr ic  charge o ccu rrin g  in  th e  iso m u ltip le tts  o f  n e a rly  th e  sam e m ass. 1 = 1  
m ean s th a t  th e  iso m u ltip le t  consists o f th r e e  p a rtic le s , i.e. o f +-, 0  and. — 
ch a rg e , i.e . i t  is o f  t r ip le t  ch a ra c te r . In  case o f  I  =  1/2 th e  iso m u ltip le t is o f 
iso d o u b le t c h a ra c te r , i.e . i t  possesses tw o e le c tr ic a lly  d ifferen t m o d ifica tio n s; 
in  case o f /  =  0 i t  h a s  one m odifica tion  w ith  s in g u le t ch a rac te r. T h u s , th e  
v a lu e  o f  th e  (2 1 + 1 )  fo rm u la  is 3, 2 and  1 in  th e s e  cases. (The k ao n  consists  o f  
tw o  iso d oub le ts , K+  a n d  K ~ , resp. Kg  an d  K°L, th u s  in  b o th  cases I  =  1/2.)
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I t  follows u n am b ig u o u sly  from  th e  space  q u a n tu m  m odel o f th e  p a r tic le s  (Fig. 
5) th a t  th e  tw o p ossib le  ro ta tio n  d irec tio n s  o f  th e  d if fe re d  co m p o n en ts  o f  s tru c ­
tu re s  m ay  p ro d u ce  th re e  re su lta n ts  w ith  th e  jo in  ro ta tio n  d ire c tio n , i.e. th e  
p ro to n -d irec tio n a l ( + ) ,  th e  e lec tro n -d irec tio n a l (—) and  th e  (0 ) iso sp in  ro ta ­
tio n  e lim in a tin g  each  o th e r.

Isosp in  is a  p e c u lia r ity  being p re se rv e d  o n ly  in  s tro n g  in te ra c tio n , th u s  
i t  is ch a ra c te ris tic  o f  th e  vecto r-like p a r tic le s , i.e . m esons and  b a ry o n s  ( to g e th e r 
h ad ro n s  or w arm  p a rtic le s )  ta k in g  p a r t  o n ly  in  s tro n g  in te ra c tio n s . T h e  th ird  
iso sp in  co m p o n en t ex p ress  th e  d ifference  o f  th e  electric  charge  a n d  th e  h a lf

h y p er-ch arg e h  =  Q -  Y 12 =  Q
В  +  S

W ith in  th e  fram e  de te rm ined  b y  th e  Y  =  2(Q — J 3) h y p e r-c h a rg e  th e  
I 3 va lu e  o f th e  iso sp in  changes p ro p o r tio n a lly  to  th e  elec tric  c h a rg e : a t  0 
h y p er-ch arg e  J 3 =  Q; a t  -)-l h y p er-ch arg e  J 3 =  Q — 1/2; a t —1 h y p er-ch arg e  
(i.e. a t  th e  re la tiv e ly  sm all m ass o f th e  b a ry io n )  h  =  Q +  1/2 .

S im ilarly  to  th e  positive  an d  n e g a tiv e  e lec tric  charges, th e  m a t te r  and  
a n tim a tte r  are  th e  re s u lt  o f  tw o opposite  ro ta tio n s . N evertheless, m a tte r -a n ti-  
m a t te r  an d  p o sitiv e -n eg a tiv e  charges a re  n o t  synonym ous n o tio n  p a irs . The 
elec tric  charge is a  sca la r  q u a n tity  re la te d  to  th e  g rea t n u m b er o f  d iffe ren tly  
o rien ted  pa rtic le s  w hile  th e  m a tte r -a n tim a tte r  charge  reflec tion  co n cern in g  th e  
g iven  p a rtic le  is a v e c to r ia l value. In  a d d i t io n  to  th is  th e re  is a  zero  e lec tric  
charge , to o , w h ich  is  g en era ted  in  th e  s im p le s t case b y  a  p a rtic le  co u p led  by  
tw o  p a rtic le  co m p o n en ts  o f -(- and  —  r o ta t io n  d irections a long  th e  eq u a ­
to r ia l  p lane.

P a r i ty  ( P  ow n p a r i ty )  expresses th e  p re se rv a tio n  of th e  m ir ro r  sym ­
m e try  o f  th e  p a r tic le :  i t  changes to  o p p o site  th e  sign of th e  space  co o rd in a tes  
b u t  does n o t a ffec t th e  sign  o f  charges. T h is  is th e  sy m m etry  o f  th e  s tro n g  and  
e lec tro m ag n etic  in te ra c tio n s , i.e. th a t  o f th e  u n ch an g ed  partic les. I t  is ca lled  a l­
so w eak  space re f le c tio n . T h e  -f- p a r i ty  m ean s t h a t  th e  sign o f th e  w av e  fu n c tio n  
does n o t change i f  th e  d irec tio n  o f c o o rd in a te  axes is changed to  th e  o p p o site ; 
th is  occurs e.g. in  case o f  p ro to n  an d  n e u tro n , an d  o f th e  b a ry o n s , in  general. 
O n th e  c o n tra ry , th e  v a lu e  o f  p a r ity  is — 1 w h e n  th e  w ave fu n c tio n  chan g es its  
sign; th is  is c h a ra c te r is tic  o f  th e  л  an d  o th e r  m esons, i.e. u su a lly  th e  s tru c tu re s  
o f  zero-spin . T h u s, a t  th e  fo rm ation  o f m eso n s th e  change o f sp ins is accom ­
p an ied  b y  th e  ch an g e  o f  d irections. In  case  o f  th e  electric b e ta -d e c a y  an d  in 
g enera l o f  w eak in te ra c tio n , i.e. d u rin g  th e  in tra -n u c le a r  tra n s fo rm a tio n  th e  
(own) p a r ity  is n o t  p rese rv ed .

Charge p a r i ty  (C) is th e  o p era to r w h ich  carries ou t th e  ch arg e  re flec tio n  
(charge co n ju g a tio n ), i.e . changes th e  sign o f  e lec tric  and  o th e r charges a n d  th e  
d irec tio n  of th e  fie ld s.

T he p ro d u c t o f  th e se  tw o parities , P  • C is th e  s trong  re f le c tio n  o r th e  
com bined  p a r ity  w h ich  changes b o th  th e  sp ace  coord inates an d  th e  sign  of
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charges a n d  is p reserved  also in  w eak  in te ra c tio n s  ex cep t th e  K° —► л  -)- n  
d ecay . C o n se q u e n tly , th e  p a r i ty  c h a ra c te r iz in g  th e  sy m m e try  o f w ave fu n c tio n ^  
o f th e  p a r t ic le s ,  circum scribes th e  sy m m etric  ro ta t io n  coupling o f th e  sp ace  
q u a n tu m  m o d e l, rcsp . its  r e la tio n  to  th e  o th e r tw o  couplings.

IV. S p ace-M atte r In te ra c tio n s

T h e  tra n s v e rs a l osc illa tions o f  th e  v a cu u m  space  q u a n ta , i.e. th e  e le c tro ­
m a g n e tic  o sc illa tio n s are  e m itte d  w h en  th e  a to m ic  e lec tro n s get to  a low er e n e rg y  
level. A c c o rd in g  to  our m odel, a n  e x te rn a l rin g  o f  space  q u a n ta  of th e  a to m ic  
space  is re le a se d  and  tra n sfo rm e d  to  tra n sv e rsa l o sc illa tio n . R evo lu tion  c a n n o t 
be c o n t in u e d  betw een  th e  r e la tiv e ly  fixed  sp ace  q u a n ta  th u s  th e  en e rg y  is 
t ra n s fo rm e d  in to  oscilla tion . In v e rse ly , w hen e lec tro m ag n e tic  energy is a b so rb e d  
th e  o s c i l la t io n  (photon) p e n e tra t in g  th e  a to m  rep e ls  th e  electrons to  a h ig h e r  
o rb it , g e n e ra t in g  b y  rev o lu tio n  a q u a n tif ie d  sp ace  q u a n tu m  ring . T he v e lo c ity  
d is t r ib u t io n  o f  revo lu tion  can  b e  co m p u ted  fro m  th e  p h o to n  energies.

O n  th e  basis o f th e  space  q u a n tu m  m odel th e  so-called “ a n n ih ila tio n ”  
e + -f- e~  —* у  as well as its  o p p o site , i .e . th e  e le c tro n  -(- p ositron  p a ir fo rm a tio n  
from  th e  p h o to n  can also be c ircu m scrib ed . T h e  p a ir  fo rm atio n  needs a p h o to n  
of su c h  a  la rg e  energy  E  =  hv, w h ich  exceeds th e  energy  of tw o e le c tro n s  
o f in d iv id u a l ly  N  =  521 space  q u a n tu m  n u m b e r, i.e . of 0.511 MeV re s t  m ass . 
T h is is  t h e  th re sh o ld  energy . I n  case o f p a ir  fo rm a tio n , d issim ila rly  o f  th e  
n o rm a l p ro p a g a tio n  o f th e  e lec tro m ag n e tic  o sc illa tio n , th e  space q u a n tu m  
series f ly in g  b ack  from  th e  p ro to n  h as  no su p p ly  from  th e  b a c k -sc a tte r in g  
p ro to n . T h e  su p p ly  of th is  “ la c k  o f space q u a n ta ”  is ca rried  ou t from  la te r a l  
d ir e c t io n , f ro m  th e  space q u a n ta  in  tra n s v e rs a l o sc illa tio n  by  m eans o f  th e i r  
g ra d u a l  w h irlin g . This is p ro m o te d  also b y  th e  la te ra l m ovem ent o f  th e  
n e ig h b o u r in g  space q u a n ta . W h e n  th e  p h o to n -o sc illa tio n  gets to  th e  o p ­
p o s ite  p h a s e ,  i.e. th e  o sc illa tin g  space q u a n ta  m o v e  tow ards th e ir  o rig in a l 
p o s it io n , e a c h  space q u a n tu m  o f th e  g e n e ra te d  n e ig h b o u rin g  ro ta tio n  sy s te m  
g e ts  s e p a r a te ly  a ro ta tio n  o f  l ig h t  v e lo c ity  b y  m ean s of th e  new  co llision . 
S ince e a c h  space  q u a n tu m  h a s  8 cross sec tio n  n e ig h b o u rs , a ro u n d  th e  o sc il­
la t in g  p h o to n  also e ig h t r o ta t in g  space q u a n tu m  co lum n w ill be g e n e ra te d . 
In  c a se  o f  su ffic ien t p h o to n  e n e rg y  an d  co rresp o n d in g  to  th e  ru le  o f  u p p e r  
h a rm o n ic s  th e  len g th  o f th e  co lu m n  series eq u a ls  8 space q u a n ta , to o . In  
th is  m a n n e r  th e  f irs t  e ig h t ro ta t in g  space q u a n tu m  colum ns of th e  e le c tro n  
s e p a ra te d  b y  a cen tra l ch an n e l a re  gen era ted . D u e  to  th e  p h o ton  energy  ex ceed ­
in g  th e  th re s h o ld  energy each  o f  th e  colum ns g en e ra te s  th e  ro ta tio n  o f  fu r th e r  
e ig h t c o lu m n s  w hen ro ta t in g  in  th e  loosing sp ace  th u s  i t  form s th e  e q u ilib ­
r iu m  e le c tro n  s tru c tu re  o f N  —  8 3 =  512 as w ell as i ts  an tisy m m etric  p a ir ,  th e  
p o s itro n . D epend ing  up o n  th e  re la tiv e  p o sitio n  o f  th e  ro ta tin g  p ro to n  a n d  on 
th e  p h o to n -e n e rg y  these  are  e je c te d  from  th e  re a c tio n  space.
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T h e  in te rp re ta tio n  o f  gravity  acco rd ing  to  th e  cycle  v iew  shou ld  he 
b r ie f ly  to u ch ed . Since th e  e lastic  sp ace  q u a n ta  are  in  d if fe re n t in te rac tio n s  
w ith  one a n o th e r, th e  sh ap e  an d  vo lu m e o f ro ta tin g  sp ace  q u a n ta  an d  of 
th e ir  revo lv ing  su rro u n d in g s  re p re se n te d  m o s tly  b y  p ro to n s  a n d  n e u tro n s  are 
in  an  eq u ilib ra ted  ch an g e . T h e  nu c leo n s a re  f lu c tu a tin g  acc o rd in g  to  th e  1023 
H z freq u en cy  o f space  q u a n ta . T h e  f lu c tu a tin g  space q u a n tu m  groups of 
n u c leo n s  g enera te  lo n g itu d in a l o sc illa tio n  o f  512 X Ю23 H z  in  th e  vacuum . 
T h e  in te n s ity  o f th is  lo n g itu d in a l o sc illa tio n  is d irec tly  p ro p o r t io n a l  to  the  
n u m b e r o f ro ta tin g  sp ace  q u a n ta , i.e . to  th e  m ass an d  in v e rse ly  to  th e  square 
o f  d is ta n c e . The sy n ch ro n o u s  an d  n o n -iso la ted  system  of th e  o sc illa tio n s  deriv ­
in g  from  m asses ly in g  a t  d iffe re n t d is ta n c e s  tr ie s  to  ap p ro a c h  th e s e  m asses. 
T h ere fo re , i t  m ay  be a d m itte d  th a t  th is  lo n g itu d in a l o sc illa tio n  re p re s e n ts  the  
g ra v ity  oscilla tion . T h e  p rogress o f th e  lo n g itu d in a l o sc illa tio n  is  d u e  to  the  
en e rg y  o f its  fo rw ard  m ov ing  co m p o n en t, th e  g ra v ity  a t t r a c t io n  to  t h a t  o f the  
b a c k w a rd  com ponen t. (See also th e  p a p e r  b y  MÁrfö ld i in  th is  volum e.)

T h e  question  m a y  arise  w h e th e r  v a c u u m  can  be c o n v e rte d  to  m a tte r , in  
o th e r  w ords, th e  e lec tro m ag n etic  o sc illa tions m ay  be c o n v e rte d  to  p ro to n , resp. 
a to m  an d  v ica  v e rsa . T h e  in v e s tig a tio n  o f th e  v e ry  low te m p e ra tu re  supra- 
l iq u id  su p ra -c o n d u c tiv ity  a n d  th e  v e ry  h ig h  te m p e ra tu re  p ro cesses  is sug­
g e s te d  fo r so lu tio n  o f th is  p ro b lem .

Since th e  s ta tic  in te rp re ta t io n  o f  th e  e lec tric  and  o th e r  ch a rg e s  is replaced 
b y  a d y n am ic  process in  th e  space q u a n tu m  m odel, th e  s ta b i l i ty  o f  th e  “ ho­
m ogeneous” , i.e. self-repelling  ch a rg e  d is tr ib u tio n  does n o t cau se  a n y  tro u b le . 
C harge is n o t a s ta tic  fe a tu re  he re , b u t  i t  is  a  s ta te  o f ro ta t io n  w h ich  repels 
th e  p a rtic le s  o f th e  sam e ro ta t io n  d ire c tio n  an d  a t tr a c ts  th o s e  o f  opposite  
ro ta t io n  d irec tion .

T h e  space q u a n tu m  m odel is a k in d  o f  a “ re su rrec tio n ”  o f  th e  th e o ry  p ro ­
posed  b y  Ma x  A braham  w h ich  w as s tro n g ly  opposed  b y  n u c le a r  physic ists  
a n d  re je c te d  in  its  o rig inal fo rm . A cco rd in g  to  th is  th e  e le c tro n  w ou ld  be a 
“ ch arg e  p a t te rn ”  g en e ra tin g  e lec tric  (an d  d u rin g  m otion  also  m a g n e tic )  field 
a ro u n d  i t ,  in  w hich th e  me2 r e s t  en e rg y  eq u a ls  th e  e2/2 r 0 e le c tro s ta t ic  energy. 
T h u s , r 0 is  a  fin ite  v a lu e , th e  classica l ra d iu s  o f th e  e lec tro n  r 0 =  e 2/2m c2 =  
=  1.4 • 10 -13 cm . T h u s , acco rd ing  to  A b rah am , th e  w hole o b se rv e d  me m ass 
o f  th e  e lec tro n  sh o u ld  be tra c e d  b a c k  to  th e  e lec tro m ag n etic  m a ss  w ith o u t 
a ssu m in g  a  special m ech an ica l m ass.

T h e  th e o ry  o f  A b ra h a m  w as re je c te d  since i t  v io la te  th e  re la tiv is tic  
in v a r ia n c y ; th e  im pulse  a n d  en erg y  o f  th e  e lec tro m ag n etic  f ie ld  do es n o t form  
a q u a d ru p le -v e c to r ,9 i t  c a n n o t eq u a l th e  q u a d ru p le  im pu lse  o f  th e  partic les. 
I n  a d d itio n  to  th is , th e  “ sp h erica l e le c tro n ”  is n o t cohered  b y  th e  repelling

9 Mass vector is a quadruple vector w ith  three врасе-like and one tim e-like com ponents. 
T he space-like com ponents are the  im pulse vectors, th e  time-like com ponent is the energy 
vecto r.
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C o u lom b-fo rce . C o n seq u en tly , in s te a d  of th e  A b ra h a m -m o d e l o th e r b u t  also 
q u e s tio n a b le  models h a v e  b e e n  in tro d u ced : th e  e le c tro n  h as  been reg a rd ed  to  
be  p o in t- l ik e  and th e  in f in i te  la rg e  own energy o b ta in e d  in  th is  m an n e r w as 
t r ie d  to  b e  com pensated  b y  in f in ite  “ n eg a tiv e”  m ech an ica l m ass( !). This 
a s s u m p tio n , how ever, p ro d u c e  new  d ifficulties b e in g  unso lved  so fa r.

T h e se  difficulties a re  e l im in a te d  by  th e  p rin c ip le s  o f  ro ta tio n a l coupling  
d isc u sse d  above accord ing  to  w h ich  th e  e lec tron  is  co h ered  b y  th e  m u ltip le  
sy m m e tr ic  coupling g re a te r  t h a n  th e  Coulom b-force a n d  th e  elec tron  is n o t 
p o in t- l ik e  b u t  sim ilarly  to  t h e  A b rah am -th eo ry  a s t ru c tu re  possessing e x te n ­
sion , t h e  e lec tro sta tic  a t t r a c t io n  a n d  repelling is n o t  s e p a ra te  m a tte r  and  n e ith e r  
a  “ c h a rg e  p a tte rn ”  b u t  i t  is  th e  dynam ic e ffec t co rresp o n d in g  to  th e  tw o  
p o ss ib le  d irec tio n s of th e  r o ta t io n .

O n  th e  basis o f th e  re la tio n sh ip  betw een  th e  m ass  an d  th e  n u m b e r o f 
r o ta t in g  space  q u a n ta  th e  c o m p u ta tio n  of th e  im p u lse s  an d  energies is s im p li­
fied . I f  th e  energy o f th e  sp a c e  q u a n tu m  ro ta tin g  w ith  l ig h t velocity  is co n sid ­
e red  to  b e  th e  u n it (E 0 —  1 ) in  th e  g rea ter p a r tic le s , th e n  th e  im pulse o f th e  
p a r t ic le  o f  V tra n s la tio n  v e lo c ity  and N  space q u a n tu m  n u m b er w ill be

I N = v N r  while its en erg y  w ill be  E N =  — (N E 0) v2.
2

T h u s , progressing o n  t h e  b as is  of th e  space  q u a n tu m  p o stu la te  a  graphic- 
m o d e l m a y  he c o n s tru c te d  w i th o u t  any  m a th e m a tic a l fo rm alism  w hich  de­
sc r ib e s  o u r  know ledge on  t h e  sp ace -m a tte r r e la t io n s  un ifo rm ly  and  (so far) 
w i th o u t  con trad ic tio n s.

T h is  m odel is, th u s ,  a n  a t t e m p t  to  fo rm u la te  th e  “ o cu la r d e m o n s tra tio n ” 
o f th e  sp a c e -m a tte r  re la tio n , a t  th e  sam e tim e also som e fu n d a m e n ta l p ro b lem s of 
q u a n tu m  m echanics. I n  n u m e ro u s  item s i t  leads to  th e  sam e resu lts  as q u a n tu m  
m e c h a n ic s  b u t  differs f ro m  i t  ju s t  in  some d e b a te d  s ta te m e n ts . A ccording to  
o u r  m o d e l, th e  p e rm an en t n u c le a r  forces are d e d u ced  fro m  th e  coupling o f th e  
d ir e c t ly  co n tac ting  space  q u a n ta  ro ta tin g  w ith  g r e a t  v e lo c ity  while th e  pion- 
p ro to n  rep lacem en t is c o n s id e re d  to  be valid  o n ly  in  th e  con tinuous tra n s itio n a l 
r a p id  ch an g es  of th e  p ro to n  a n d  n eu tro n  b o u n d  in  th e  nucleus. T h ere  is  a 
d iffe re n c e  also in  th e  in te r p r e ta t io n  of p h o tons.

I n  th e  space q u a n tu m  m o d e l, th e  d is tin c tio n  b e tw e e n  space and  m a tte r  as 
tw o  se p a ra te  principles as w e ll  as th e  a rtific ia l th e o re tic a l co n stru c tio n , e.g. 
th e  “ e th e r ic  w ind”  b ecom e su p e rflu o u s . E .g . th e  m a tte r-sp a c e  concep t o f  th e  
p h y s ic a l v acu u m  an d  th e  z e ro -p o in t oscillation  o b ta in  a  d irec t sense.

A ccord ing  to  th e  n ew  m o d e l th e  physical q u a n ti t ie s  de te rm ined  b y  q u a n ­
tu m  m echan ics as decisive v a lu e s  (spin, charge, p a r i ty ,  m ass, scarc ity , w hirling , 
c h ir a l i ty ,  etc.) are s im p ly  th e  fu n d am en ta l fe a tu re s  o f  th e  ro ta tin g  space 
q u a n tu m  groups. C o n se q u e n tly , m an y  basic p rin c ip le s  o f  th e  q u a n tu m  th e o ry  
c a n  b e  deduced  also fro m  th e  space q u an tu m  m o d e l a n d  th e  q u a n tu m  m e­
c h a n ic a l no tions of th e  p a r t ic le s  are  geom etrica lly  in te rp re te d . M oreover, th e
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new m odel p ro v id es  a g rap h ic  p ic tu re  on  th e  s tru c tu re  of th e  p a r tic le s , on  th e ir  
m ake-up  in  d e ta il, on  th e  m orphological p ecu lia ritie s , i.e. on such  c h a ra c te r­
istics w hich  could  n o t he  a p p ro x im a ted  so fa r . A p a rtic u la r  “ b e a u ty ”  o f th is 
m odel is th a t  in  c o n tra s t  to  th e  a t te m p ts  o f  th e  p a s t w hich red u ced  th e  p a r­
tic les to  m ore ty p e s  o f  p artic les , i t  red u ces th e  p artic les to  o n ly  one “ fin a l” 
or “ p r im a ry ”  c o m p o n en t, i.e. to  th e  space  q u a n tu m  while i t  p reserv es  som e 
m arvellous re su lts  o f  th e  deductions o f  th re e  or m ore p a rtic le s , re sp . o f th e  
q u a rk s . P ro b a b ly , i t  is  also ad v an tag eo u s  in  th is  m odel t h a t  i t  av o id s  som e 
la b y r in th s  o f th e  th e o re tic a l physics b a se d  on m a th e m a tic a l sp ecu la tio n s.

T h is p a p e r  is th e  f ir s t  rough  a p p ro x im a tio n  req u irin g  co rrec tio n s  and  
su p p lem en ts .
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CYCLE PARAMETERS AND SYSTEM THEORY

B y

E .  S zAd e c z k y - K a r d o s s

LABORATORY FOR GEOCHEMICAL RESEARCH OF THE HUNGARIAN ACADEMYJOF SCIENCES, BUDAPEST

1. Cycle m otion generates system s. T he system  in everyday sense are  th e  products 
o f th e  cyclic m otion of the  two in te rm ed ia te  form s of motion, i.e. of th e  s trip s В  and  C.

2. To describe th e  physical cycles 6 pairs o f param eters are needed characterizing 
the substan tia l and  th e  functional pecularities o f th e  hierarchic levels an d  d ispersity  of the 
system . F our param eters denote th e  own an d  th e  n ex t lower h ierarchy level: th e  space 
and  tim e param eter of th e  cycle (r and  t), th e  num ber of the different cycle elem ents, i.e. 
system  elem ents (re +  u +  . . . ) and  th e ir  site coordinates (qn +  4u +  • • • )• The de­
pendence of th e  cycle on the in ternal level is characterized by the den sity  (on -f- pu -)- 
+  . .  . ) and tem peratu re  (zn -(- r„) of th e  elem ents. In  systems belonging to low  hierar­
chic levels th e  param eter p characterizing th e  low est (re — x) level refers a lready  to  the 
atom s, thus to  th e  th e  chemical constitu tion .

Four param eters describe th e  re lationsh ip  of the cycle w ith th e  ex te rna l higher 
hierarchy levels: th e  relative velocity of th e  system  (translation, D ), th e  num ber of 
system s being in  direct con tac t w ith the system  in question (JV), the age o f th e  system , 
i.e. th e  num ber of cycle ro tations (R), and  th e  exchange of m atter and  energy w ith  the 
environm ent (input, i and ou tpu t, o). F inally , th e  dispersity of the system  is characterized 
b y  th e  free volum e of the dispersing m edium  (#) and  the forced stren g th  (ct) exerced by 
the  particles of the m atter.

Substantial param eters are described by  spatia l coordinates, functional ones by 
tim e coordinates (Fig. 1):

Hierarchy level Substantial
parameter

Functional
parameter

Strip  A  and D & a

( n + 1 ) N D
between (n +  1) and n (*. °) R
D r t
( n - l ) ( n - f  u +  . . . ) (Чл +  4u +  • • • )
(n  -  x) e T

log R

3. By m eans of the  cycle param eters all physical notions can be  expressed, e.g_ 

volume V  r3 4, mass M  ~  H p, k inetic energy f?kin ~  ~  r^p en tro p y  S  <

chemical po ten tia l p  ~  у  , etc.

4. Among th e  system s grades can he  distinguished according to  th e  degree of 
com plexity, in  which th e  physical cycle param eters are gradually transfo rm ed . In  this 
paper the following grades are discussed: electrom agnetic oscillations (s trip  A ), inorganic 
system s of strip  B ; inorganic system s o f s tr ip  C; biological individuals; anim al 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 param eters m ay serve as a basis to  
create  th e  m utually  recom putable netw ork of notions. T h is possibility m ay  realize a 
w idespread quantified su rvey  of knowledges.

I t  is possible to  trace  back all cycles and rh y th m s to  the two param eters o f th e  
m otion: space and tim e. In  th is way principally th e  qu an tita tiv e  projection of all 
phenom ena is enabled.

A . T h e  12 Cycle P a ra m e te rs

T h e  sh o rte s t w ay  to  th e  m u ltid isc ip lin a ry  jo in  o f  n a tu ra l and  social sci­
ences b y  th e  cyclic ity  co n c e p t leads th ro u g h  th e  h ie ra rc h y  o f  system s, as d iscussed  
in  th e  f i r s t  p ap e r o f  th is  v o lu m e . A ccording to  th e  fo u n d e r o f system  th e o ry , 
L . B e r t a l a n f f y : “ sy s te m  is  a se t o f e lem en ts s ta n d in g  in  in te rre la tio n s” . 
“ U n ity  o f  sciences is g ra n te d  n o t b y  u to p ian  d e d u c tio n s  o f all sciences to  p h y s ­
ics a n d  ch em istry , h u t  b y  th e  s tru c tu ra l u n ifo rm itie s  o f  th e  d ifferen t levels o f  
re a l i ty ” . A  consequence o f  th e  existence o f  g en e ra l sy s tem  p ro p erties  is th e  
a p p e a ra n c e  o f structural sim ilarities or isomorphism  in  d ifferen t fie ld s. — A n 
e x p e rim e n ta l law  o f g ro w th s  applies to  ce rta in  b a c te r ia l  cells, to  p o p u la tio n s  o f 
b a c te r ia  o f  an im als, m en , b o o k s are  co m ple te ly  d if fe re n t an d  so are th e  cau sa l 
m ech an ism s invo lved . N ev erth e less  th e  m a th e m a tic a l law  is th e  sam e” . “ T h e  
u n ify in g  p rincip le  is t h a t  w e f in d  o rg an iza tion  a t  a ll levels” .

T h e  m eth o d  o f B e r t a l a n f f y  is e sse n tia lly  em pirica l and  in d u c tiv e . 
A n o th e r  m e th o d  e la b o ra te d  b y  A shby  1958 a n d  1962 is deductive. I t  s ta te s  a 
n u m b e r  o f  system  p rin c ip les  such  as w holeness, su m , cen tra liza tio n , d iffe ren ­
t ia t io n , lead ing  p a r t ,  c lo sed  an d  open sy s tem , f in a l i ty ,  eq u ifin a lity  (i.e. th e  
re a c h in g  o f  f in a l s ta te  o f  th e  open  system  fro m  d iffe re n t in tia l cond itions an d  
in  d iffe re n t w ays), g ro w th  in  tim e , re la tiv e  g ro w th , co m petition . T h e  fu n d a ­
m e n ta l  co n cep t o f A sh b y  is th e  “ m achine w ith  in p u t”  th e  in te rn a l s ta te  o f  
w h ich  a n d  o f its  su rro u n d in g s  defin ing  u n iq u e ly  th e  n e x t  s ta te . I t  is su p p la n te d  
b y  th e  cy b ern e tic  m odel, i.e . a system  o pen  to  in fo rm a tio n  b u t closed w ith  
re sp e c t to  e n tro p y  tra n s fe r . T h is  led to  “ sy stem s o rg an iz in g  them selves b y  w ay  
o f p ro g ressiv e  d iffe re n tia tio n , evolving from  s ta te s  o f  low er to  s ta te s  o f  h ig h e r 
c o m p le x ity ” . S ystem  th e o ry  found  in tro d u c tio n  a lre a d y  in  m any  sciences, 
e .g . b io lo g y , lin gu istics, p sy c h ia try , b eh av io u ra l sc ience , dem ography , socio logy, 
econom ics, po litica l sc ien ce , h is to ry  an d  o th e r  soc ia l sciences, p h ilo so p h y .

A tte m p ts  to  u n ite  sciences b y  e.g. th e  g en e ra l sy s tem  th eo ry  w ere b ased  
o n  th e  red u c tio n  o f  co m p lex  te rm s to  sim p le  ones. A ccording to  R u s s e l l  
A c k o f f  an d  o th e rs , th is  is erroneus since co m p lex  te rm s  are  n o t sy n th e tiz e d  
fro m  sim ple  ones, on  th e  c o n tra ry  sim ple te rm s  a re  a b s tra c te d  from  th e  com ­
p le x  ones.

T h is  prob lem  is n o  m o re  re lev an t. B y  th e  d isco v e ry  o f th e  com m on q u a n ­
t i t a t iv e  gen era tin g  p rocess o f  phenom ena th e  u n if ic a tio n  of sciences m u s t be 
b a se d  c n  th e  h ie ra rch y  o f  cycle processes. T h e  p ro b le m  is now to  fin d  th e  f in a l
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ch a rac te ris tic s  o f  th e  g en e ra tin g  process, i.e . o f th e  cy c lic -rh y th m ic  m otions, 
an d  to  deduce from  th e se  th e  sc ien tific  te rm s.

T he m ost im p o r ta n t  ad d itio n  o f  th e  cy c lic ity  re la tio n  to  th e  sy s tem  th eo ry  
is th e  s ta te m e n t t h a t  sy stem s are  form ed b y  cyclic m o tio n s. T h is allows to  
d e te c t new genera l a n d  p a r tic u la r  p ro p ertie s  o f  sy stem s, an d  to  follow  th e  
d eve lopm en t o f sy s tem  fro m  th e  p rim itiv e  an o rg an ic  g rades to  th e  com plex 
social ones. C yclic ity  allow s to  fin d  isom orph ism  an d  h id d e n  p ecu la ritie s  a t 
d iffe ren t levels o f  sy s tem s, too .

In  th e  fo rm er a n d  th e  n e x t  p ap ers  of th is  vo lum e th e  m icro- a n d  m ega-sys­
tem s o f th e  U niverse  w ere d iscussed. In  th e  h u m a n  p ra c tic e , how ever, b o th  
g roups o f ex trem e  m easu res  are  n o t considered  as o b jec ts  o f  th e  system  
th e o ry . S ystem  th e o ry  in  p rac tice  d e a lt w ith  social an d  re la te d  te r re s tr ia l  sys­
tem s o f ab o u t h u m a n  m easures an d  of d ire c t h u m a n  in te re s t . T he p resen t 
p a p e r  discusses m a in ly  th e  basic  re la tions o f  th e  system s in  o rd e r to  fu r th e r  
th e  m o st com m on genera lized  in te rd isc ip lin a ry  researches.

O ne o f th e  m o st fa r  reach in g  p ecu lia rity  o f  th e  cycle m o tio n  is its  system  
gen era tin g  fu n c tio n . Cycle m o tio n  tran sfo rm s u n o rd e red  se ts  in to  o rdered  
sy stem s.

T he h igh ly  s im p lified  schem e o f th is  process is as follow s. T h e  elem ents o f 
an  u n o rd ered  se t a re  o rd e red  b y  th e  cyclic m o tio n  in to  q u as i-co n cen tric  belts 
accord ing  to  th e ir  den sitie s , d im ensions, v iscosities an d  o th e r  pecu liarities. 
T h e  d ifferences b e tw een  b e lts  an d  realm s re p re se n t th e  g rad ien ts  o f  th e  
in ten se  fac to rs in tro d u c in g  reg u la r  an d  p e rm a n e n t m echan ica l an d /o r th e rm a l, 
chem ical, e lectric  an d  o th e r  in te rac tio n s , m o stly  flow s an d  d iffusions. Flows 
sensu  la to  p roduce  th e  ac tiv e  s tru c tu ra l p a tte rn ,  c h a ra c te r is tic  fo r th e  system s.

T he u n iv e rsa l m o tio n  d iag ram  (Fig. 1 a n d  4 o f  th e  f irs t  p a p e r  o f th is  
vo lum e) sum m arizes q u a n ti ta t iv e ly  th e  fu n d a m e n ta l p ecu lia ritie s  an d  r e la t i ­
ons o f  th e  sy stem s, b y  d e m o n s tra tin g  th e  ty p e s  an d  k in d s  o f  cyclic and 
rh y th m ic  m otions a n d  b y  th is  th e  sy stem  o f sy s tem s, to o . S ince sy stem s are 
d e te rm in ed  — like  a ll p h en o m en a  o f  th e  U n iverse  — b y  d iffe ren t m o tio n s, th e  
decisive com m on p ecu lia ritie s  o f  th e  system s a re  to  be  d educed  from  th is  d iag ram .

T he m ain  fe a tu re s  o f  th e  system -like  p h en o m en a  are th e ir  tim e  an d  space 
p a ra m e te rs  (r an d  t) o r th e  q u o tie n t o f th e se  p a ra m e te rs  i.e . th e  velocity  
(F ig . 1). The d iffe ren t k in d s  o f th e  system -e lem en ts are c h a ra c te riz e d  b y  th e  
n u m b e r n  -j- it, an d  b y  th e ir  s ite  co o rd ina tes (qn -|- qu) an d  den sitie s  (pn +  Gu)- 
N u m b er n  deno tes th e  iso m etric  and  u th e  an iso m etric  e lem en ts. T h e  d en sity  
depends a lread y  on  th e  “ elem ents o f  th e  e lem en ts” , i.e . o n  th e  p a rtic le s  in  
th e  low est cycle level. S im ila rly  th e  te m p e ra tu re  x rep re sen tin g  th e  oscilla ting  
an d  ro ta tin g  im pulses o f  th e  p a rtic le s , e.g. av e rag e  v e lo c ity  o f  th e  m olecules, 
depends also on  low er h ie ra rch ic  levels.

T he system  d ep en d s, how ever, on  th e  h ig h er h ie ra rch ic  levels o f  th e  sys­
te m s  to  w hich i t  b e longs, to o . T he d escrip tion  o f  a sy stem  th u s  req u ire s  also th e

5* Acta Geologica Academiae Scicntiarum  Hungaricac 23, 1980
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c h a ra c te r iz a t io n  o f th e  re la t io n  b e tw een  th e  sy stem s a n d  th e  sequence  o f  th e  
h ig h e r  h ie ra rch ic  levels. T h e  s y s te m  being p ra c tic a lly  a lw ays o pen  in  som e 
m e a su re s  receives e lem ents (“ p ro d u c ts ” ) from  an d  gives to  o th e r  sy s tem s: in p u t 
a n d  o u tp u t  (i +  o). T he s y s te m  tra n s la te s  (m oves) w ith  a re la tiv e  v e lo c ity  D  in  
th e  h ig h e r  level and  i te ra te s  i t s  cycle  m o tion  R  tim es  since i ts  ex is ten ce  as a

Fig. 1. T he 12 cycle param eters of the systems

n ew  s y s te m . In  a g iven t im e  i t  co n tac ts  w ith  N  n u m b e r  o f  sy stem s o f  th e  
h ig h e r  lev e l. I t  is in flu en ced  b y  th e  forces o f its  a n d  b y  fa r th e r  sy stem s : forced 
s t r e n g th s  a. The free p lace , e .g . v a cu u m  (#) is a com m on  p a ra m e te r  o f  th e  
d if fe re n t  h ierarch ica l levels . F re e  p lace b an d  th e  fo rced  s tre n g th s  a  describe 
th e  d is p e rs i ty  of th e  sy s te m .

I n  th is  w ay th e  sy s te m  is ch a rac te rized  b y  tw o  p a ra m e te rs  (p a n d  r )  of 
th e  lo w e s t, b y  th e  p a ra m e te rs  (n  -j- it), q o f th e  n e ig h b o u rin g  level, b y  th e  own 
p a ra m e te r s  r, i, and  b y  th e  s ix  p a ra m e te rs  $ , D, R , N , a , a n d  (i  +  о) describ ­
in g  i t s  re la tio n s  to  th e  h ig h e r  leve ls . T hus a  to ta l  o f  12 g roups o f  p a ra m e te rs  
a re  r e q u ir e d  for th e  e x a c t q u a n t i ta t iv e  d escrip tion  o f  a  sy s tem . T h e  12 p a ra m e ­
te r s  fo rm  6 pairs, from  w h ic h  one  rep resen ts  a lw ays a s u b s ta n tia l ,  th e  o th e r 
a fu n c tio n a l  pecu lia rity  (F ig . 1, see also th e  ta b le  o f  th e  a b s tra c t) .

I t  is  possible to  u se  in s te a d  o f  th e  e n u m e ra te d  p a ra m e te rs  som e o th e r 
on es fo r  th e  descrip tion  (e .g . m ass  in s tead  o f  d e n s ity  a n d  vo lum e) b u t  th e  
n u m b e r  12  o f th e  in d e p e n d e n t p a ra m e te rs  w ill n o t  change.

L e t  us describe m ore  e x a c t ly  th e  above 12 p a ra m e te rs .
I n  case of an iso m e tric  b o d ies  th ree  space p a ra m e te rs  rx >  r 2 >  r 3 are 

d is tin g u ish e d . The vo lum e o f  th e  sy stem  is d e te rm in e d  in  f i r s t  ap p ro x im a tio n

b y  th e  v a lu e  (r2)3, or b y
r i  +  r2 +  r?

A c ta  Geologica Academiae Scientiarum H ungaricae 23, 1980
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T h e rec ip rocal va lues o f th e  tim e  p a ra m e te r  t is frequency . T h e  ch an g es in  
tim e  p a ra m e te r , i.e. in  cycle ve lo c ity  d u e  m a in ly  to  ex te rn a l fo rces (forced 
s tre n g th s  a) is m o stly  period ica l, too .

F o u r  fu n d a m e n ta l k inds o f  sy stem  elements o f  n u m b er n  m a y  h e  d is tin ­
gu ished  in  th e  chem ical in d u s try :

— en erg y  sources (ng)
— ano rg an ic  substances (n
— organ ic , even  liv ing  (and  m o s tly  cycle  contro lling) e le m e n ts  (nu) 

consisting  m a in ly  o f  u n id im en sio n a l m olecules
— too ls (n ,), rem ain in g  re la tiv e ly  u n c h a n g e d  d u ring  th e  cy c le  a c tiv ity .

T h e  c u rre n t s ta te  o f  m o tio n  o f th e  su b sy s te m s , resp . sy s tem  e lem en ts  is 
d esc rib ed  b y  th e  change o f  th e  qv  qv  q3 . . . v e c to ria l s ite -co o rd in a tes . T h ey  
exp ress flow  d irec tions o r p a th s  o f  elem ents a n d  a t  th e  sam e tim e  th e  sequence  
o f  m o tio n , th e  a lg o rith m  o f i t .  E lem en ts  a n d  subsystem s are  c o n n e c te d  b y  
th e se  p a th s , w hich  fo rw ard  th e  in fo rm a tio n , to o . O ften  th e y  b re a k  th ro u g h  
th e  th e o re tic a l r in g s tru c tu re  o f  th e  sy s te m  fo rm in g  p a th  sh o rte n in g s .1

T h e  d e n s ity  an d  th e  energy  d e n s ity  o f  th e  elem ents g  is re q u ire d  o ften  
to  b e  d iffe re n tia ted  fo r th e  d iffe ren t e lem en ts  b y  d a ta  gt , g2, g3 . . . T h e  m ass 
M  o f  th e  sy s tem  is obv iously  M  g(nr)3.

T h e  m o tio n  o f  th e  f in a l partic les  is re p re se n te d  b y  th e  th e rm a l o sc illa tio n
M v2

d e te rm in e d  b y  r  te m p e ra tu re , (гг = --------, w h ere  M  is th e  m o lecu la r w eigh t
3 kL

d ep en d in g  on  g  o f a one-a tom ic  gas, v2 is th e  m e a n  v alue  o f th e  v e lo c ity  sq u a re  
o f  th e  in d iv id u a l m olecules an d  kL  is th e  p ro d u c t  o f  th e  B o ltzm an n — c o n s ta n t 
an d  L o sch m id t-n u m b er, i.e . th e  u n iv e rsa l gas c o n s ta n t.)

T h e  p a ra m e te rs  т  an d  q accom plish  e sse n tia lly  th e  tra n s fo rm a tio n  p ro ­
cess in  th e  sy s tem , i.e. th e  tra n s fo rm a tio n  o f  in p u t  in to  o u tp u t.

T h e  m o m e n ta ry  s ta te  o f  th e  (w hole) s y s te m  is described  b y  th e  ro ta t io n  
n u m b e r  (R ) p ro v id in g  th e  degree o f m a tu r i ty  o f  th e  system .

T h e  v e lo c ity  an d  d irec tio n  o f  th e  cycle  w ith in  th e  su rro u n d in g  h ig h e r 
leve l cycle  as co m p ared  w ith  th e  ow n v e lo c ity  a n d  d irec tio n  is g iv en  b y  th e  D 
v e c to r ia l v a lu e  o f  tra n s la tio n .

T h e  n u m b e r o f th e  o th e r cycles jo in in g  th e  cycle an d  in f lu e n c in g  i t  
d ire c tly  is g iven  b y  N . T he  iV-value describes th e  equ ilib rium  c o n d itio n s  an d  
degree o f  ho m o g en e ity  o f  th e  cycle and  i ts  e n v iro n m e n t in  th e  p la n a r  (su rfic ia l) 
cycle  sy s te m  (e.g. a co u n try ). E ach  cycle h a s  f iv e  to  six  neighbours a t  le a s t  i f  
th e  cycles are  o f  th e  sam e size. I f  a  cycle is g re a te r  th a n  th e  n e ig h b o u rin g  ones,

1 The im pulse coordinates (me) do no t figure as independen t cycle param eter as i t  m ay
described by th e  param eters r3, Q and r/t. The r/i velocity  being a vectorial value, requ ire  th e  da ta
of th e  direction, too, which is induced in param eters g„  q2, q3. For m ost “ hum an”  system s th e  
d irection is an  angle w ithin th e  E a rth ’s surface, depending on the E a rth ’s ro ta tion  axis.
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th a n  N  f>  6 , i f  i t  is sm a lle r t h a n  N  <" 6 . T h u s  IV is a rough  in d ic a to r  o f  th e  
sp a c e  d im e n s io n  o f th e  n e ig h b o u rs  re la tiv e  to  th e  ow n dim ension r.

T h e  m a te r ia l  an d  e n e rg y  q u a n titie s  ex ch a n g e d  b y  th e  cycles a re  d e te r ­
m in ed  b y  th e  in p u t an d  o u tp u t  (i an d  o) v a lu es . U se fu l (u) and  h a rm fu l (p : p o llu ­
tio n - lik e )  o u tp u t  shou ld  be  d is tin g u ish ed  (ou a n d  op). T h e  i : о analysis p ro m o te s  
th e  d e te rm in a tio n  o f th e  g -values (black-box m e th o d ) . T he sw itch  o f  th e  о o u t­
p u t  to  th e  i  in p u t signal m e a n s  th e  basis o f  c o n tro l, i.e . th e  feed-back.

T h e  freedom  o f th e  s y s te m  is d epend ing  f i r s t  o f  a ll on th e  vo lum e o f  th e  
free  p la c e s  (e.g. v acu u m 1 2) b e tw e e n  th e  e lem en ts . T h e  forced  s tre n g th  a  ex e rced  
b y  th e  p a r tic le s  o f th e  m a t te r ,  decreases th e  deg ree  o f  freedom  o f th e  sy s tem .

A n y  fe a tu re  o f th e  cycles i.e . o f th e  sy s te m s  can  be reduced  to  th e se  12 
p a ra m e te rs .  L e t us e n u m e ra te  som e m o st c o m m o n  physica l n o tio n s b y  th e  
p ro p o se d  12 p a ra m e te rs . V o lu m e: V  ^  r3; M ass: M  ~  r3^; K in e tic  e n e rg y :

( V — &)
2; F o rce : F  =  m r t -2 ; V iscosity : rjrtl =  1 +  k -— —----

(w h ere  к  is d iffe ren t c o n s ta n t  to  th e  liophile a n d  lio p h o b e  system s); F re q u e n c y :

?k!n - V2 mt>2 = y r3e

T h e  th re e  in ten s iv e  a n d  th re e  ex ten siv e  fa c to rs  o f th e rm o d y n am ics , p  
p re s s u re ,  x  te m p e ra tu re , p  chem ical p o te n tia l a n d  V  vo lum e, S  e n tro p y  an d  
m  m a ss , a s  w ell as th e ir  p ro d u c ts , i.e. th e  P  ■ V  m ech an ica l, th e  x • S  th e rm a l 
a n d  p  • S  chem ical energ ies can  be  exp ressed  as cycle  p a ra m e te rs  as fo llow s:

Intensive factors 

p ressu re : p  ~  hgg 

te m p e ra tu re : x r a r
3 k b

chem ical p o te n tia l :  p

Extensive factors 

vo lu m e: V  ~  r3
1

e n tro p y : S

V - 0
log R

m ass: m r3g .

I n  f i r s t  a p p ro x im a tio n  p ressu re  depends o n  th e  h dep th , q d e n s ity  a n d  g  

g ra v i ta t io n . The chem ica l p o te n tia l  d ep en d s m o s tly  on th e  — =  — ——

c o n c e n tra t io n  w hich ex p resses  a p p ro x im a te ly  a lso  th e  degree o f d isp e rs ity .

1 T heoretically  vacuum  occurs w ithin th e  atom s an d  molecules, too, but th is  k ind  of 
th e  free  places appears in th e  te rm  density  o, thus i t  is disregarded in th e  p a ram ete r &. The
value  & refers to the density  of th e  system , in con trast to  q w hich represents th e  density  of its 
e lem en ts in  th e  lowest level. B o th  values are determ ined  b y  th e  distance of th e ir projection  
p o in ts  from  th e  rim  of strips В  or C. W ith  increasing & it  is sh ifted  towards strip  A .

O n th e  contrary, th e  forced streng th  о m ostly  decreases th e  speed of ro ta tio n , shifting 
th e  sy s tem  tow ards the opposite side of th e  strip В  or C, i.e . in  th e  direction of strip  D . If, how­
ever, fo rced  strength  increases th e  m otion of th e  system , th is  means stim ulation and  shifts th e  
sy s tem  tow ards strip  A ,  like th e  increasing of Û.
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S y m m etry  re p re se n tin g  th e  oppo site  d irec tions of ro ta t io n  o f  th e  elem ents 
c a n  be  described  b y  th e  v alues —J— a n d  — v o f  velocities.

In  th is  w ay  a w ide ran g e  o f  n o tio n s  can  be deduced f ro m  th e  6  pa irs of 
cycle  p a ram e te rs . H ow ever, th e  n e tw o rk  o f  un ifo rm  no tions does n o t  m ean  the 
re a liz a tio n  o f  a sole u n ifo rm  science th o u g h  th e  succesful in i t ia t io n s  o f e.g. 
O n sa g e r , P r ig o c in e  a n d  Ca r n a p .

T he w ide ran g e  o f  a  co m p a ra tiv e  n e tw o rk  o f  no tions o f  d if fe re n t sciences 
p ro v id es  a too l fo r som e u n ifo rm  sy s te m a tic  rev iew  of m an y  kno w led g es.

T he sy stem  co n cep t d educed  g en e tica lly  from  th e  c y c lic ity  re la tions 
seem s to  be su itab le  b y  th e  12 cy c le -p a ram e te rs  to  e luc ida te  n e w  connections 
b e tw een  law s o f  m o tio n s , th e rm o d y n a m ic s , b io logy  and  socia l p h en o m en a  — 
ev en  m icro- an d  m egaw orld . In  th e  fo llow ings i t  w ill be tr ie d  to  e s ta b lish  some 
basic  m ethodo log ical q u estio n s to  th is  a im .

B. Grades of Systems

L e t us t r y  to  ch a rac te rize  th e  m utual features of p h y s ic a l sy stem s and 
cycles b y  th e  tw elw e cycle p a ra m e te rs . T h e  cycle p a ram e te rs  w ere  d istingu ished  
on  doub le  basis : b y  th e  analysis o f  th e  cycle  d iag ram  an d  b y  th e  m odel of a 
sim plified  (idealized) m echan ica l sy s tem  belong ing  th eo re tica lly  to  th e  s tr ip  B. 
T his m odel g rad u a lly  leads th ro u g h  su b se q u e n t q u a lita tiv e  leap s to  th e  te rre s tr ia l 
ino rg an ic , th e n  b io logical an d  f in a lly  to  th e  social and  h u m a n -m a d e  artific ia l 
sy stem s. I n  th is  w ay  th e  analogies o f  th e  tw elw e cycle p a ra m e te rs  w as found 
also in  o th e r system s b y  “ period ica lly  g ra d u a l”  increase in  c o m p le x ity . This 
m e th o d  is su p p o rted  also  b y  th e  fa c t th a t  th e o re tic a lly  all sy s tem s a re  genera ted  
in  th e  sam e w ay , i.e . b y  th e  cyclic m o tio n  m echanism .

T he m ain  phases  a n d  cycle p a ra m e te rs  o f  th e  series a re  as fo llow s:
1. To ch a ra c te riz e  strip A  m o stly  th e  p a ram e te rs  r, t a n d  D  a re  needed: 

4 r  =  A, an d  r/D  ~  a m p litu d e . T he v e lo c ity  o f  s tr ip  A ,  i.e . th e  l ig h t  ve lo c ity  c 
is o b ta in e d  d irec tly  fro m  th e  space- a n d  tim e -q u a n tu m  p a ra m e te rs :  c =  r0/t0. 
S trip  A  rep re sen tin g  th e  rea lm  o f e lec tro m ag n etic  oscillations do es n o t  include 
sy stem s sensu s tr ic to  d u e  to  cycle ro ta tio n . Y e t, th e  period ic ity  a n d  th e  existence 
o f  a k in d  o f h ie ra rch ic  su p erp o sitio n s in  th is  rea lm , too , p ro v id e  so m e re la tions 
w ith  th e  fo rm a tio n  o f  system s.

2. In  th e  inorganic grades o f  strip В  th e  tw elve  cycle p a ra m e te rs  can  be 
ap p lied  in  u n ch an g ed  fo rm . A t th e  b eg in n in g  o f  th e  cycle p ro cess , a t  th e  fo rm a­
tio n  o f  th e  sy s tem  th e  q d isp lacem en t o f  th e  m ateria l m ean s a rran g em en ts  
acco rd ing  to  d en sity , g rain -size  an d /o r v isco s ity . L a te r  in  th e  e v o lv ed  system  
m a in ly  th e  processes c h a rac te rized  b y  th e  e n tro p y  step  fo rw ard , th e re fo re  the  
eq u a liza tio n  of co n cen tra tio n s  and  h ea t-ex ch an g es becom e p re -d o m in a tin g .
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T h ese  p rocesses rep re sen t a lr e a d y  a p rim itiv e  fo rm  o f “ com m u n ica tio n ’* 
b e tw e e n  th e  system  an d  i ts  e n v iro n m e n t, resp . b e tw e e n  th e  system  an d  i ts  
e le m e n ts .

3. I n  th e  inorganic grade o f  strip C com plex th re e -  o r  m ore phase d isp e r­
sion  a p p e a r  in stead  o f th e  s im p le  tw o-phase d isp e rs io n  in  s tr ip  B. T h u s in  th e  
fo rm a tio n  o f strip  C, p r a c t ic a l ly  in  the  n ea r-su rface  sy stem s o f th e  E a r th  
th e  l iq u id  H 20  — w hich is e s se n tia lly  a sim ple tw o -p h a se  d ispersion  o f  H  a n d  
О io n s in  th e  in te rm o lecu la r a n d  in te ra to m ic  q u a s i-v a c u u m  — dissolves o th e r  ion s 
a n d  m o lecu les m oving b y  d iffu s io n  w ith  a ve lo c ity  c o n s id e ra b ly  low er th a n  th e  
w a te r ’s flo w . The d iffusion se n su  la to  velocity  low er b y  a b o u t te n  orders o f m ag ­
n i tu d e  in  average th a n  th e  f lo w  velocities o f s tr ip  В  is a m ain  c h a ra c te ris tic  
o f  s t r ip  C. I t  is an a d d itiv e  p h e n o m e n a  to  th e  cyclic  m o tio n  types o f  s tr ip  В  
a n d  b eco m es also cyclic b e in g  a c tu a lly  a su b sy stem  o f  th e  s tr ip  B. In  th e  sy s ­
te m  o f  s tr ip  C th e  n u m b e r o f  e lem en ts  increases acc o rd in g  to  th e  n u m b e r o f  
sp ec ies  o f  th e  dissolved ions. B y  m eans of diffusion  a n d  re la te d  chem ical t r a n s ­
p o r t  p h en o m e n a  th e  in te n s i ty  o f  “ com m unication”  is som ew hat w idened  in  
s t r ip  C.

4 . T h e  ind iv iduals o f  t h e  biological grade m a y  a lre a d y  d is tin g u ish  a n d  
ch o o se  b e tw een  in p u t m a te r ia ls  a n d  energies. B y  m e a n s  o f  w ork and  w ith  th e  
a id  o f  co d e , resp . m em ory  th e  h ig h e s t  biological g ra d e , m a n  p roduce consum ab le  
o b je c ts  a n d  phenom ena, i.e . values. The value is re p re se n te d  in  th is  g rade  b y  
th e  u s e fu l in p u t (iu) n eed ed  to  m a in ta in  the  ow n cy c le , i.e . th e  life o f th e  in d i­
v id u a l  a n d  o f  th e  species. W h e n  m ak ing  d is tin c tio n  b e tw e e n  th e  useful (iu) a n d  
h a rm fu l l  ip in p u ts  c e r ta in  p r im itiv e  “ critics”  is d ev e lo p ed  a lread y  in  th e  
lo w e r b io logical grades.

I n  th e  biological sy s te m s  th e  tran s itio n  o f  th e  fo rm e r  p rim itiv e  co m m u n i­
c a t io n  p rocessing  in to  a feed-back information system  is a  new  fea tu re . In fo rm a ­
t io n  a lso  m akes th e  e n tro p y  S  decrease an d  d e p e n d s  ex p o n en tia lly  b u t  in  
in v e rse  ra tio  on th e  R  n u m b e r  o f the  sy s tem  c re a tin g  cycle ro ta t io n s :  
S  =  1 /log .R .

T h e  accuracy  o f th e  e in fo rm a tio n  increases p a ra lle l  w ith  th e  n u m b e r o f 
th e  o b se rv e d  rep e titio n s R ',  b u t  decreases w ith  th e  A  d ifference  of th e  ex tre m e

v a lu e s  o f  th e  space an d  tim e  p a ra m e te rs :  e =  R ’ — , w h e re  A — (rmax — rmin)

+  (*max — *min). The I  in te n s i ty  (significance) o f th e  in fo rm a tio n  depends o n  its  
a c c u ra c y , ra te  and  U u n e x p e c te d n e s s , increasing  p a ra lle l  w ith  th e  n u m b e r o f

r o ta t io n s :  I t =  sUv =  2 R  |— J Uv.

T h e  E t in te n s ity  o f  in fo rm a tio n  and  a t th e  sam e  t im e  th e  m easure of in fo r­
m a tio n  c o n te n t is also c o n n e c te d  to  the e n tro p y  S , to  th e  W v  W 2, W 3, . . . 
th e rm o d y n a m ic  p ro b ab ilitie s  o f  th e  system ’s d if fe re n t possible s ta te s :  S  =  
=  k h x W  (k is th e  B o ltz m a n n -c o n s ta n t) . A ccord ingly , E ( =  W \ +  W \ -j- . . . +
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n
-)- W 3 * * * * * =  W { (O n ic e s CU, 1966), or in  te rm s  o f  th e  cycle p a ra m e te rs :

l

E,

In fo rm a tio n  m ak es possible th e  c o n tro l, i.e . th e  feed -b ack  o f  th e  in p u t 
o f  m etab o lism  m a in ta in in g  th e  biological s y s te m .3

5. T he anim al “ society”  (co rrec tly : fam ily ) , e.g. th e  s ta te s  o f  a n ts  an d  
bees, an d  th e  population  rep resen t th e  h ig h e r  leve l o f th e  b io log ica l h ie ra rch y  
sy stem  overly in g  th e  level o f in d iv id u a ls . H e re  th e  in d iv id u a l becom es su b ­
system , i.e. one и  e le m e n t o f  th e  an im al fa m ily , re sp . p o p u la tio n . T h e  an im al 
“ so c ie ty ”  is a social race-p reserv in g  sy s te m  o f m u tu a l aid . I n  th e se  o rg an iza ­
tio n s co -ex istence is co n tro lled  b y  habits. H a b i t  is a p re fe rred  fo rm  o f  m o tio n , 
th e  basis o f a t t i tu d e  sy stem s w hich can  b e  ex p ressed  b y  th e  m u tu a l a n d  con­
v e n tio n a l s ite  co o rd in a te s  o f  th e  in d iv id u a ls  a n d  p o p u la tio n s (qa, qb, qc . . ., e.g 
p a th , tra c k ) . (See also th e  p a p e r b y  T . J e r m y  in  th is  vo lum e.)

6 . The psychological cycle loca ted  m a in ly  in  th e  nervous sy s te m  rep re sen ts  
th e  g rea t leap  b e tw een  th e  inorganic  a n d  th e  b io logical w o rld . I t  m eans th e  
ap p earan ce  o f  th e  re f le c tio n  o f en v iro n m en t b y  th e  fo rm a tio n  o f  th e  sy s tem  o f 
in fo rm atio n . T h e  d ev e lo p m en t o f i t  is d u e  to  th e  increased  m e tab o lic  an d  co n ­
d u c tiv e  (nervous) v e lo c itie s , i.e. to  th e  e x te n d e d  space an d  tim e  resonance  
betw een  th e  b io logical sy s tem  an d  th e  s tr ip s  A , B , an d  C. In te ra c tio n s  b e tw een  
th e  ow n h ie ra rch ic  levels — i.e. be tw een  th e  cycle p a ram e te rs  o f  th e  b io logical 
sy s tem  — are  also  in c rea sed  b y  th e  e x te n d e d  resonances.

T e n ta tiv e ly  th e  id e n tif ic a tio n  of th e  h u m a n  psychological cycle p a ra m ­
e te rs  w ill be in v e s tig a te d  below  in  a f ir s t  a p p ro x im a tio n . T he space  p a ra m e te r  r 
o f  th e  nervous sy s te m  depends on th e  d im en sio n  o f  th e  body . T h e  tim e  p a ra m ­
e te r  t o f i t  is a  fu n c tio n  o f th e  sum  o f i r r i ta t io n s .  T he (n -f- u) n u m b e r  o f  th e  
sy s tem  elem ents is d e te rm in e d  b y  th e  a b o u t 109— 1010 neu rons a n d  th e ir  sy n ­
apses. T h ey  re p re se n t th e  fix ed  track s  o f  th e  b ioe lec tric  c u rre n ts  p ro d u ced  b y  
th e  ir r ita tio n s  a n d  m easu red  b y  th e  v e lo c ity  o f  th e  a c tiv ity  p o te n tia ls . (M axi­
m u m  ve lo c ity  in  th e  p rim itiv e  v e r te b ra te s  2 5 — 30 m/s an d  100 m /s in  th e

3 The response started  by the inform ation is e lu cidated  b y  the operon-theory o f  J acob and
M onod  elaborated a t the lev e l o f  bacteria. According to  th is, in  case o f the appearance o f nutri­
m ent (lactose) a section  o f  th e  D N A  m olecule o f  th e  chrom osom e consisting o f  several parts
becom es activated. The inductor produced due to  th e  nutrim ent’s effect provisionally  joins the
continuously present inh ib itory repressor-protein, and bonds it. Thus, the reproducing m echan­
ism  o f the R N A  m olecules is released and by m eans o f  the operator and structure genes the
form ation of a new  R N A  m olecules is started. E xpressed in  term s o f cycle param eters th is m eans 
th a t the i system  elem ent o f  th e  input nutrim ent sw itches o ff the function o f  th e  u inhibitory
system  elem ent and a t th e  sam e tim e it initiates the production  m echanism  o f  the usefu l o„ o u t­
put.
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m a m m a ls . T h e  velocities a re  p o s itiv e ly  c o rre la ted  w ith  th e  th ick n ess  o f  th e  
m y e lin -c o v e r  o f th e  neu ro n s.) T h e  b io e lec tric  c u rre n ts  th u s  rep re sen t th e  cycle 
m o tio n s , i .e . th e  q space c o o rd in a te s  o f  th e  e lem en ts.

T h e  n u m b e r  o f th e  e x te rn a l  ie a n d  in te rn a l irritations it m ed ia ted  b y  th e  
se n so r a n d  a ffe ren t sy stem  re p re s e n ts  th e  in p u t, w h ile  th e  decisions a n d  ac tio n s  
p ro d u c e d  b y  th e  ir r ita tio n s  a n d  m e d ia te d  b y  th e  m o to ric  a ffe ren t sy s te m  
c o r re s p o n d  to  th e  о o u tp u t .4 A cco rd in g  to  th e  so -ca lled  “ n o th in g  o r a ll”  p r in ­
cip le  o f  th e  irr ita tio n s  (s tim u lu s  th re sh o ld  !), th e  N  n u m b e r  o f  th e  e x te rn a l  
im p u lse s  is  a lw ays g rea te r t h a n  ie. T h e  in te n s ity  o f  im pulses below  th e  s tim u lu s  
th r e s h o ld  m easu red  b y  th e  c h ro n a x ia  n u m b e r co rresponds to  th e  cycle p a ra m ­
e te r  D  ( tra n s la tio n ) . T he n u m b e r  o f  th e  re ite ra tio n s  o f  th e  ir r ita tio n s  decisive 
fo r t h e  m em ory  and  learning5 is  ex p ressed  in  th e  cycle sy stem  b y  th e  R  cycle 
r o ta t io n  v a lu e . The com plex  p a t t e r n  o f im ita tio n s  a n d  b eh av io u r — in flu e n c e d  
b y  c u s to m s , fashions, p e rsu a s io n , ad v e rtis in g , p ro p a g a n d a , co n v in c in g  an d  
t im e - s p i r i t  — represen ts th e  fo rc e d  s tre n g th  a in  th e  psychological sy s tem s . 
A t t h e  b e g in n in g  i t  is an  eco n o m ic  su p p o rt fo r th e  in fo rm a tio n  sy s te m . O n 
th e  c o n t r a r y ,  th e  d e lib e ra tio n s a n d  free choices b e tw een  d ifferen t possib ilities  
r e p r e s e n t  th e  freedom  o f th e  p sy cho log ica l sy s tem . I t  co rresponds to  th e  •& 
v o lu m e  o f  free  places in  th e  p h y s ic a l sy stem s. T h e  psychological freed o m  d e ­
p e n d s  o n  th e  know ledge a n d  w e a lth  o f th e  in d iv id u a l. (S im ilarly  th e  freed o m  
o f th e  s t a te s  is m ain ly  also th e  fu n c tio n  o f i ts  te c h n ic a l know ledge a n d  w e a lth .)  
B o th  fo rc e d  s tre n g th  an d  fre e d o m  a re  co rre la ted  w ith  i, о an d  R ,  b u t  re p re se n ts  
c h a n g e  in  d isp e rs ity  and  n o t  e x ch an g e  o f  m a te ria ls . — A ccord ing  to  th e  h ig h  
h ie ra rc h ic  leve l o f th e  p sy ch o lo g ica l sy s tem , th e  p a ra m e te rs  g d e n s ity  a n d  r  
te m p e r a tu r e  describ ing th e  lo w e s t h ie ra rch ic  levels are  no m ore s ig n if ic a n t fo r 
th e  n e rv o u s  system .

A c c o rd in g  to  th e  en g ra m -m o d e l o f R . S enon new  experiences “ f ix e d ”  a& 
re m e m b ra n c e s  do n o t p ro d u ce  n ew  s tru c tu re s , new  n erv o u s cells. (The n e rv o u s  
s y s te m  n e tw o rk  is co m p le ted  in  m a n  e ssen tia lly  a lre a d y  a t  th e  age o f  th re e  
y e a rs ) . N e w  ex cita tions o n ly  d e e p e n  th e  s tru c tu re  o f  th e  n eu ro n  n e tw o rk . T h e  
r e p e t i t io n ,  th e  learn ing  m ak e  ea s ie r  to  ru n  ag a in  e x c ita tio n s .

T h e  nervous system  o p e ra te s  b y  ac tiv e  se lec tio n  an d  d iffe re n tia tio n . 
W h ile  in  th e  m etabolism  th e  n u tr im e n ts  a re  tra n s fo rm e d  chem ically  in to  su b ­

4 In  sleep ing the m etabolism  and its  reactions inside th e  b od y  prevail, w hile a t th e  w ak e­
fu ln ess th e  perception of the ou tsid e  w orld by the nervous system  predom inate. B y  electro­
en cep h a lo g ra p h y  low-frequence sleep in g  & (less than  7/sec) and high frequency w akefu l and  
a tte n t iv e  (m ore than 7/sec) a  and ß action  currents are d istinguished, representing presum ably  
th e  “ ech o ”  o f  the continuous and m any-sid ed  com m unication betw een the neurons.

5 T h e  reflex of orientation ( P a v lo v ) responding to the new  foreign stim uli is also learnt 
reaction  (G r a st y a n  et al., 1959). C onsequently , reflection is also the result o f learning. In tu itio n  
is n o t  th e  acceleration  of the process o f  consciousness (K a to n a , 1978), it  is rather the cond u ctive  
cou p lin g  o f  d istan t engrams. The appearance o f “ in tu itive  ideas”  is prom oted b y  sleep ing  
(“ d ream ” ) uncontrolled by the e v ery d a y  com m on processes (S e l l y e , 1967).
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stan ces  e v e r ap p ro ach in g  th e  D N A —R N A  n o rm s, th e  ex c ita tio n s  r u n  th ro u g h  
th e  n e rv o u s  system s a lm o st w ith o u t fo rm in g  new  chem ical c o m p o u n d s . In  
a d d itio n  to  th e  e lec tric  (physical) c o n d u c tio n , how ever, s im u lta n e o u s  chem ical 
e le c tro ly tic  processes occur, to o , c h a ra c te r iz e d  b y  oxygen c o n su m p tio n  and  
c o n c e n tra tio n  d ifferences o f th e  N a a n d  К  ions betw een  th e  n e rv o u s  cells and  
m em b ran e , oppo site  to  th e  com m on e lec tr ic  n e tw o rk  w hich o p e ra te s  b y  a flow  
o f o n ly  one  m a te ria l, i.e. o f  th e  e lec tro n s , th u s  is unab le  to  a c t iv e  selection . 
A ccord ing  to  th e  H o d g k in —H u x ley  m o d e l, th e  nervous c u rre n t in te n s i ty  Im 
is th e  su m  o f  th e  I c cap ac itiv e  c u rre n t in te n s i ty  an d  of th e  ion ic  c u r r e n t  cap ac­
i ty  d e p en d in g  f ir s t  o f  all on th e  ionic c u r re n ts  o f  N a and  K.

T h e  c lassifica tio n  b y  K a r l  P o p p e r  (1971) sp read ing  over t h e  w hole  U ni­
verse  co rresp o n d s essen tia lly  to  his p sy c h ic a l tr ip le  c la ss ific a tio n . P o pper  
m akes d is tin c tio n  b e tw een  th e  “ f irs t  w o rld ”  (physica l ob jects a n d  liv in g  c rea­
tu re s  as w ell as o f  th e  a rtif ic ia l o b jec ts  p ro d u c e d  b y  them ), th e  “ seco n d  w orld” 
(s ta te s  o f  m in d , experiences an d  “ su b je c tiv e  know ledge” ), a n d  th e  “ th ird  
w orld”  (“ o b jec tiv e  know ledge”  in c lu d in g  th e  m a te ria l carriers a n d  th e o re tic a l 
sy stem s o f  c u ltu ra l in h e ritan ce ). C. E ccles  (1975) tr ied  to  lo ca lize  th e  th ree  
w orlds in  th e  b ra in : th e  f ir s t  w orld  gets  in to  th e  cerebrum  th ro u g h  th e  recep ­
to rs  an d  sen so r c ru s ta l p a r ts . T his is tra n s fo rm e d  in to  th e  seco n d  w o rld  (self- 
consciousness) in  th e  dynam ic  h em isp h ere  o f  th e  b ra in , th e n  i t  is  tra n s fo rm e d  
in to  th e  th i r d  w orld  an d  in  th e  o u ts id e  w o rld  th ro u g h  th e  m o to r ic  nervous 
sy s tem  a n d  m uscles.

T h e  sy s te m  analysis b y  cycle p a ra m e te rs  gives a sim ple re p ly  to  th e  (ap ­
p a re n t)  c o n tra d ic tio n s  ra ised  in  th e  p h ilo so p h ica l d ispu te  w ith  r e g a rd  to  th e  
reflexion theory (L e o n t ie v , 1969; R u b in s t e in , 1969; T y k h t in , 1971 ; K ed ro v , 
1973, 1978; e tc ., K atona), e.g. “ th e  re f le c tin g  m ind  can n o t be  p ro d u c tiv e ” ). 
T h e  f i r s t  s te p  o f  re flex ion  is th e  im pu lse  sy s te m  o f d ifferen t c u r r e n t  d en sity  
in d ic a te d  b y  th e  in p u t ie in  th e  n eu rons, w h ich  during  th e  a r ra n g e m e n t q is 
tra n s fo rm e d  in to  consciousness and  a f te r  a ru n  o f  R  n u m b er i t  m a y  develop 
e v e n tu a lly  to  a p ro d u c tiv e  o u tp u t  o, to o .

7. A s a g a in s t th e  an im al fam ily -lik e  “ so c ie ty ”  th e  (h u m a n )  society is 
a t  p re se n t m ore  a  se lf-preserv ing , c o m p e tin g —fig h tin g  system  se rv in g  in d iv id u a l 
aim s. T o  re s tra in  th e  f ig h t an d  to  c o n tro l th e  co-existence th e  moral values 
a n d  th e  la w  h av e  developed , s t im u la te d  know ledge  (ordered in fo rm a tio n ) , by  
b e a u ty , a n d  seek fo r com fort. S im ilarly  to  h e a lth , in  f irs t a p p ro x im a tio n  th e

Jl -j- u
“ fo rm a l”  b e a u ty  (see below) can  be d esc rib ed  b y  th e  optimum relation  ----------.

3
In  th is  sense com fort is an  increased  e ffic ien cy , th e  possible m a x im u m  o f  th e  
q u o tie n t o f  th e  re su lt (or u sefu l ou o u tp u t)  a n d  o f  th e  (m rt~ 2) r3 in v e s te d  =  
=  m r , r 2 la b o u r:

———-------->- m a x  .
( m r ' r !)
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T h e  language an d  o th e r  k in d s  of c o m m u n ic a tio n  as well as th e  in te lle c ­
tu a l  e n e rg y  increasing  w ith  th e m  ta k e  m ain p a r t  in  th e  c rea tion  o f th e  h u m a n  
socia l sy s te m s . All th e se  r e s u l t  in  th e  d ev e lo p m en t o f  useful o u tp u t (ou), i.e . 
o f p ro d u c t io n  and  th e  c re a tio n  o f  artific ia l sy s tem s.

T h e  n eed  for in fo rm a tio n  aim ing a t th e  re c o g n itio n  and  a p p lic a tio n  o f  
new  cy c le s  is con sid erab ly  in c re a se d  and d if fe re n tia te d  in  the  h u m a n  so c ie ty . 
D esire  fo r  know ledges, c u r io u s ity , exc item en t fo r  s e n sa tio n  and even  th e  f a s h ­
io n  c a n  b e  tra c e d  b a c k  to  th e  increasing  n eed  o f  in fo rm a tio n  aim ing  a t  th e  
in te n s if ic a t io n  o f th e  ow n life  cycle .

A t  a  h u m a n  an d  soc ia l lev e l in fo rm atio n  is th e  o rd e red  sequence o f  s y m ­
bols a n d  co n v en tio n a l, p a r t ly  “ n u m eric”  signals s u ita b le  to  store  th e  in fo rm a ­
tio n . A t  th e  sam e tim e , fro m  th e  p o in t of view  o f  s y s te m  con tro l th e  in fo rm a tio n  
is a  s e le c te d , resp . v a lu a b le  f a c t ,  th e  raw  m a te r ia l o f  d a ta  processing, th e  p ro ­
cessed  a n d  researchab le  o u tp u t  o f p revious o u tp u ts .  T hus, its  schem e is: 
d a ta  —*• d a t a  processing —«- in fo rm a tio n .

8 . The artificial system  (e.g . p lan t, e n te rp r is e , s ta te  a p p a ra tu s )  d iffe rs  
fro m  th e  n a tu ra l  sy stem s in  i t s  consciousness, in  th e  o rgan ized  co n tro l to  d e f i­
n ite  a im s  b y  decisions, f u r th e r  in  th e  fo u n d a tio n s  t o  th e  nt tools ( im p lem en ts , 
e q u ip m e n ts , in s tru m e n ts  a n d  n t in p u t)  and to  th e  oa o u tp u ts  produced  b y  th e m . 
T h e  u n i t s  o f  h igher h ie ra rc h y  lev e l o f these sy s te m s  a n d  o rganizations o p e ra t­
in g  c o lle c tiv e ly  in  fa v o u r  o f  a  social aim  t r y  to  re a liz e  con tinuous p ro d u c tio n  
in  o rd e r  to  increase th e ir  e ffic ien cy  (p lan ts, c u ltu ra l  o rg an iza tio n s, e.g. l ib ra rie s , 
s p o r t  e s ta b lish m e n ts ) . T h e re fo re  th e  q site c o o rd in a te s  develop .to  tra f f ic  (ro a d , 
r a i lro a d , w a te r  w ays) a n d  to  in fo rm a tio n  n e tw o rk .

A rtif ic ia l  system s p ro m o te  th e  co n q u est o f  interzonal velocity ranges 
b e tw e e n  velocities o f  th e  s t r ip s  A , B, C an d  D . T h e  in d ire c t aim  o f a r t if ic ia l  
sy s te m s  is  th e  changing  o f  th e  n a tu re , while th e  d i r e c t  a im  is to  p ro d u ce  u se fu l 
o u tp u t .  T h e  useful o u tp u t ,  ou, i.e . ap p ro x im a te ly  t h e  b ru t to  p ro d u c tio n  is  th e  
p ro d u c t  o f  th e  w ork ing  h o u rs  needed  b y  p ro d u c tio n  (num ber o f  w o rk ers  и 
m u ltip l ie d  b y  th e  w o rk in g  p ro cess , и • R '), o f  t h e  accu racy  of know ledges

n e e d e d  b y  p ro d u c tio n (0  +  n +  u) and  o f th e  re q u ire d  m a te ria l su p p lie s

(n +  i ):

оU —-  (#  +  n - f  u) (u R ')  (n  +  i) . 
A

T h e  v a lu e  o f th e  n e t to  p ro d u c tio n  is o b ta in e d  in  f i r s t  ap p ro x im atio n  fro m  
th e  b r u t to  p ro d u c tio n  b y  s u b tra c tin g  th e  “ a c c id e n t” -like  D x  fac to r b e in g  c h a r ­
a c te r iz e d  m o stly  b y  e x tre m e  tra n s la tio n  valu es:

°u  netto • - J -  (#  +  n  + »  (uR') (n +  i) — D x .
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In  th e  a rtific ia l social sy stem s th e  u n if ie d  exchange v a lu e  o f  d iffe ren t 
p ro d u c ts , i.e. th e  money h as  developed . M oney is a s to ring  a n d  c o m p a ra tiv e  
v a lu e  rep re sen tin g  a к  “ c o n s ta n t’’-Кке m u ltip lie r  b y  m eans o f  w h ich  th e  social 
p ro d u c ts  m ay  be o rd e red  in to  re la tiv e ly  u n ifo rm  coord inate  sy s te m . I n  th is 
w ay  th e  nk +  -f- и n u m b e r o f  e lem en ts  a n d  th e  w orking process acco m p an y ­
in g  th e  changes b y  s ite  co o rd in a tes , as w ell as th e  useful in p u t  a n d  o u tp u t 
v a lu es  (i„, ou) can  be  m u tu a lly  c o n v e rte d  in  fo rm  o f equations.

As th e  m o n e ta ry  v a lu es  are  to o  in s ta b le  su b jec ts  o f  m a n ip u la tio n s , a  m ore 
s ta b le  u n i t  fo r th e  econom ic values is w a n te d  in  science. T he e x ch an g e  v a lu e  o f 
th e  m in im u m  su bsistence  (M ) m easu red  b y  a re a  seems to  r e p re s e n t  a  m ore 
o b jec tiv e  u n it  fo r th e  econom ic v a lu es .

T he tw o  k in d s o f  th e  usefu l in p u t  a n d  o u tp u t  value iu a n d  ou a re  re la te d  
to  tw o  k in d s  o f  econom ic ca tego ries, th e  demand  cha rac terized  m a in ly  b y  iu 
a n d  th e  supply  d epend ing  m ain ly  on  ou.

I n  a d d itio n  to  th e  m o n e ta ry  v a lu e  o f  th e  p ro d u c t, i.e. to  th e  price  i t  is 
re q u ire d  th e  d e te rm in a tio n  o f th e  d im ension -like  u n it, e.g. p iece, w e ig h t (m), 
v o lum e, e tc . to  w hich  th e  p rice  refe rs. T h u s , p rice  is th e  q u o tie n t o f  tw o  p a ­
ra m e te rs , i.e . o f th e  m o n e ta ry  va lu e  a n d  o f  th e  d im ension (k/d im ). N e v e rth e ­
less, in  th e  sy stem  o f cycle p a ra m e te rs  m o n ey  and  price do n o t  m ean  new  
p a ra m e te rs ; these  are  d e te rm in ed  also b y  th e  cycle p a ram ete rs , e.g .

I n  th e  d e te rm in a tio n  o f  o p tim a l fu n c tio n in g  o f th e  a rtif ic ia l sy s te m s , th e  
t r a n s p o r t  costs, th e  p rice  o f  q, i.e . th e  d is ta n c e  o f  subsystem s f ro m  ea c h  o th e r 
a n d  fro m  th e  in p u t source, as well as th e  # 2, # 3 free  places p lay  im p o r ta n t  role.

I n  th e  a rtific ia l econom ic sy s tem  a  new  o p tim u m  re la tio n , th e  m ax im a l 
p ro fit  ap p ears . In  f irs t  a p p ro x im a tio n  th e  p ro f i t  can  be describ ed  b y  th e  ex ­
p ression : (ou — i).

A rtific ia l sy s tem  differs from  th e  b io log ica l ones b y  th e  fa c t,  to o  t h a t  th e  
choice o f  in fo rm a tio n  is c a rried  o u t n o t  o n ly  b y  coded m olecules, b io log ica lly  
“ p re fa b ric a te d ”  nk sy stem -e lem en ts, b u t  in  th e  course o f p ro d u c tio n  th e  sys­
te m  p roduces new  nt e lem ents b y  m ean s o f  im provab le  tech n o lo g ies  a n d  of 
chan g in g  q site- coo rd ina tes. The tech n o lo g ica l o p tim u m  re la tio n  c a n  b e  ap p ro x ­

im a te d  b y  th e  expression : П ~  m ax . T he o p era tin g  co n tro l a n d  response

to  th e  dem ands is in flu en ced  also b y  fashion.® T he N  n u m b er o f  th e  e x te rn a l 
cycles rep resen ts  b y  th e ir  iA, iB, ic d em an d s  a n d  oA, oB, oc p ro d u c tio n s  th e  
m a rk e t an d  riv a lry . T he re la tiv e  ev o lu tio n  o f  th e m  is ex p ressed  b y  th e  D 8

8 Fashion is an externally controlled dem and influencing also the ou usefu l ou tp ut of 
econom ic plants.
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t r a n s la t io n  v a lu e . Theee as w ell as a fo rced  s t r e n g th  as ta x a tio n , cu sto m s, 
e m b a rg o , n eed  com plex in fo rm a tio n . Control is th e  g rad u a l rea liza tio n  o f  a 
d e f in ite  cycle  system  ex p re ssed  b y  th e  ro ta t io n  n u m b e r  R .

T h e  tim e  p a ra m e te r  t o f  a  p la n t re p re se n ts  th e  tra n s itio n  tim e  d u rin g  
w h ich  th e  in p u t becom es sa led  goods (ou). T he e ffic ien cy  o f p roduction  increases 
w ith  sh o rte n in g  t-tim e. T h e  sh o rte n in g  o f t m ean s th e  increase o f th e  v =  rjt 
p ro d u c tio n  velocity .

S im ila rly  to  o th e r  d u ra tio n s  o f life, th e  d u ra tio n  of a p la n t c a n  be 
d e te rm in e d  as p ro b a b ility  v a lu e s  based  on th e  p la n t  average curves. T h e  <R 
“ p ro b a b le  d u ra tio n ”  o f life is  in flu en ced  m o stly  b y  e x te rn a l fac to rs (i  a n d  o, 
D , N , a) a n d  can  be im p ro v e d  b y  m eans of sp ec ia liza tio n  o f a p lan t, re sp . b y  
ch an g e  o f  p ro d u c t s tru c tu re  as well as b y  th e  p a ra lle l  increase of th e  r-v a lu e  
b y  m e a n s  o f  fusion o f sev e ra l p la n t  u n its  to  a la rg e r  sy stem , e.g. t ru s t .

In a u g u ra to rs  o f econom ic  m a th em atics , A r r o w  an d  D e b r eu  a n d  o th e rs  
e la b o ra te d  a “ general eq u ilib r iu m  analysis”  a n d  a ssu m ed  th e  B en th am ’s hom o 
o eco n o m icu s, i.e. econom ic re n ta b il i ty . A critics o f  th is  w as given b y  K o r n a i.

9. The artistic and scientific productions a n d  o th e r  ab s trac ted  sy s tem s, 
— e .g . th e  sy stem  o f n u m e ra tio n , th a t  o f know ledges as well as th e  re lig ions 
m in g lin g  th e  early  know ledges o f  m ank ind  w ith  d u a lis tic  m ysticism  — re p re ­
se n t a lso  som e k ind  o f  a r t if ic ia l  in fo rm atio n  sy s te m s .

O u t o f  th e  system s o f  know ledges here  o n ly  th e  d istin c tio n  b e tw een  th e  
b asic  p sycho log ica l ty p e s  o f  know ledges is t r ie d  to  c a rry  ou t in  th e  spheres 
o f  c re a tio n , resp . recep tio n  o f  know ledges:

Sphere o f  creation. 1. T h e  re la tio n s o f c o n s ta n t  q u a n tita tiv e  d ifference- 
ty p e  re p e a te d  in  th e  sam e w a y  in  th e  ou tside  w o rld  th u s  runn ing  in  th e  sam e 
n e rv e  p a th  a re  fixed  in  th e  D N A  m olecule in  fo rm  o f  genes. These can  b e  p a r t ly  
in h e r i te d , th e re fo re , th e  p ro fessio n s based  on su ch  re la tio n s , e.g. acoustic  in te r ­
v a ls , re la tio n s  o f n u m b ers , a re  successfully  im p ro v a b le  a lready  in  y o u n g  ages 
(“ in f a n t  p ro d ig ies”  in  m usic  a n d  m a th em atics). I n  th is  field  th e  c re a tio n  is 
b o u n d  essen tia lly  to  th e  a n a ly tic  elem ents o f  q u a n t i ta t iv e  differences.

2 . T h e  p henom ena  ru n n in g  in  m ixed , i.e . in  d iffe re n t nerve p a th  sy s tem s 
an d  n o t  o r  h a rd ly  re p e a te d  in  th e  en v iro n m en t, a re  b a se d  m ain ly  on in d iv id u a l 
e x p e rien ces . Being n o t fix e d  in  genes, lead  to  know ledges w hich can n o t in h e rite d . 
To im p ro v e  th ese  a t a c re a tiv e  level needs m ore  m a tu r i ty ,  i.e. ever o ld e r ages. 
In  th is  case  th e  c rea tio n  is r a th e r  a synthesis.

Sphere o f  reception. 1. T h e  p ro d u c ts  o f f in e  a r ts  a n d  fic tion  concern  m o stly  
th e  m a n , th e  h u m an  sp h ere , i.e . ce rta in  p a r ts  o f  th e  bridge  betw een  th e  s tr ip  
C a n d  B . T h e  en jo y m en t in  su c h  p ro d u c ts  ru n s in  a ffe re n t nerve p a th s  o f  s o m a t­
ic  en d o g e n e  origin being  a c tiv e  also in  p h ysica l t ra n q u ill i ty . T heir p e rc e p tio n  
n eed s less th e  stress o f  p ro je c tio n  to  ex te rn a l n e rv e  reg ions, th u s  th e ir  p ro d u c ts  
a re  a t  le a s t  to  ce rta in  deg ree  easie r in tellig ib le  a n d  c a n  be “ consum ed”  in  fo rm  
o f  a  g e n e ra l re lax a tio n .
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2. T he sc ien tific  p ro d u c ts  deal w ith  d iffe re n t form s o f m o tio n  o f  th e  strips 
A , B , C and  D an d  ev en  in  case o f th e  b io lo g ica l m otion o f s tr ip  C th e se  can  he 
a p p ro ach ed  from  th e  o u ts id e  w orld . T h u s , th e  u n d erstan d in g  a n d  s tu d y  o f  such 
k in d s  o f  w orks need  g re a te r  ex c ita tio n , th e  c o n cen tra tio n  in  th e  e x te rn a l  regions 
o f  th e  nervous sy stem . T h e ir  rec rea tiv e  c h a ra c te r  is more re s tr ic te d .

T here  ex ist a u su a l aversion  to  th e  m easu rem en t of w orks o f  a r t ,  resp . of 
th e ir  va lue , e.g. o f  a e s th e tic s . V aluab le  r e s u lts  against th is  a v e rs io n  h a v e  been 
ach iev ed  e.g. b y  H a n k is s , E . I t  c an  be  h a rd ly  deb a ted  th a t  a  w o rk  o f  a r t  tries 
to  g ive d iffe ren t in fo rm a tio n . T h u s  th e  conciseness o f a w o rk  o f  a r t  is 
c h a ra c te riz e d  b y  th e  q u o tie n t o f  its  in fo rm a tio n  con ten t a n d  o f  th e  volum e 
( r3) re sp . tim e  d im ension  (t) o f th e  w o rk . A r ts  use countless k in d s  o f  periodic 
p h en o m en a  as w ell as sy m m e try  (in  th e  sy m m e tr ic  ro ta tio n  o f  cycles) to  ex­
p ress d iffe ren t aspects  o f  aesthetic values.

O ne o f th e  m o st im p o r ta n t  c a te g o ry  o f  th e  aesthetics is beauty  a n d  ugli­
ness. T h e  “ e le m e n ta ry ”  fo rm al b e a u ty  is in  co rre la tio n  w ith  th e  n  -\- и  elem ents 
o f  th e  com position  as w ell as w ith  th e  r a t io  o f  th e ir  spatia l an d  te m p o ra l  arran-

Jl -4- u
g em en t, i.e. w ith  t h a t  o f  th e  q s ite -c o o rd in a te s , i.e. w ith  th e  -----------o p tim um

re la tio n  (p ro p o rtio n a lity , re g u la r ity , r h y th m , sym m etry ). A t t h e  sam e  tim e, 
b e a u ty  rep resen ts  also a  v a lu e , th u s  i t  is co n n ec ted  to  the  iu a n d  ou p a ra m e te rs . 
D ecisive is th e  •& freedom , i.e . th e  possib le  la c k  o f  a forced s t r e n g th s  w h ich  can 
be  in te rp re te d  as a  h a rm o n y  based  on  th e  reco g n itio n  of th e  n a tu r a l  a n d  social 
re g u la ritie s : “ B e a u ty  is th e  sensuously  a p p e a rin g  freedom ”  (B a r n a  J .) .

One o f th e  m ost f re q u e n t top ics o f  l i te r a ry  w orks is th e  c o n f l ic t  o f  th e  ind i­
v id u a l o r co m m u n ity  p ro d u ced  b y  th e  s im u ltan eo u s c o n n e c tio n  to  several 
sy s tem s. T he in te n s ity  o f  th is  co n flic t, th e  d ra m a tic  ch a ra c te r  o f  th e  to p ic  is 
ex p ressed  b y  th e  su m  o f th e  m o stly  o p p o s ite  non-conform  fo rc e d  s tre n g th s , 
w ith o u t sign (i.e. th e ir  non -a lgeb ra ic  su m ):

E  — 0^ c 2 • • • 0n •

T h e style o f  th e  w o rk , th e  e x q u is ite  e legance  o f the  m o tio n  o f  th e  system  
o f  w o rk  o f a r t  o r its  h ea v y  ponderous m o n u m e n ta lity  are d e te rm in e d  m ain ly  
b y  th e  ra tio  q/ê. B e a u ty  is o f  h u m a n  d im en sio n . I f  i t  exceeds th i s  m easu re  it  
passes in to  th e  m a je s tic . T h u s , th e  space  d im en sio n , r, th e  tim e  d im e n s io n  t as 
w ell as th e  liv ing-6p a c e -te m p era tu re  d e te rm in e d  by  th e  a b s t r a c t  fo rm  o f т 
a re  also  assigned to  th e  concep t o f b e a u ty . B e a u ty , as an in fo rm a tio n , depends 
also o n  th e  en v iro n m en t, on  th e  n u m b e r N  d e te rm in in g  th e  r e la t iv e  dim ensions 
an d  in te rac tio n s  o f  th e  jo in in g  cycles a n d  on  th e  D t r a n s la t io n  velocities 
co m p ared  to  th e  cycle. T h e  m ore e x a c t ro le  o f  tran s la tio n  D  c a n  b e  in te r­
p re te d  b y  th e  chan g in g  d is tan ce  b e tw een  th e  a u th o r and th e  a u d ie n c e , and 
b e tw een  th e  a u th o r  an d  th e  described  cy c le , i.e . b y  the  viewpoint. T h e  view-
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p o in t  is  expressed b y  th e  r e la t io n  of the c o o rd in a te  sy stem s of th e  a u th o r , 
o f  th e  d esc rib ed  object a n d  o f  t h e  audience, i.e. b y  th e  D v  D 2 and  D 3 t r a n s la t io n  
v a lu e s .

T h u s , b eau ty  is a r a th e r  com plex  p h en o m en o n  b e in g  assigned to  a ll th e  
tw e lv e  cycle  p a ram e te rs : i t  is  th e  u n ity  of d iv e r s i ty ,  th e  to ta li ty  o f t r u th ,  
m o ra l b e n e f it , labour a n d  o f  o th e r  factors.

C. Outlook

T h e  sw ing-like rhythm s  occu rrin g  a t th e  s u r fa c e  o f  history h av e  b e e n  
s tu d ie d  since V ico  b y  n u m e ro u s  h istorians a n d  ph ilosophers (Sp e n g l e r , 
T o y n b e e , etc .). A ccord ing  t o  th e  recognition  o f  M a r x , in  th e  b a c k g ro u n d  
o f  th e s e  changes th e  p ro d u c t io n  cycle processes, d e te rm in in g  for th e  m o st p a r t  
th e  so c ia l system s, are  a c t iv e . B y  m eans of th e  cy c le  p a ra m e te rs  th e  fo rm a tio n  
a n d  d ecom position  o f th e se  s y s te m s  can be q u a n t i ta t iv e ly  in te rp re ted .

A t  a  higher level o f  c o m p le x ity  factors o ccu r w h ic h  canno t be p re d ic te d  
a t  lo w e r  levels. Thus, h is to r y  is  u sua lly  in te rp re te d  a s  a  stochastic  sy s te m  in ­
f lu e n c e d  m ostly  by  ra n d o m  e le m e n ts . H ow ever, g o v e rn in g  system s consciously  
s t a r t i n g  from  th e  co n cep t o f  v a lu e  of global c h a r a c te r  o f  laws, U N O , peace- 
o rg a n iz a tio n s , R om an C lu b , e tc .  are a lready  a c tiv e , e . g. in te rn a tio n a l code , 
to o . N o w , a concrete a n d  u n ifo rm  m ethod o f re s e a rc h  is needed w hich  ta k e s  
in to  a c c o u n t all th e  th e o re t ic a l ly  possible g roups o f  fa c to rs . The sy s tem  a n a l­
y s is  acco rd in g  to  th e  tw e lv e  cy c le  p aram eters tr ie s  t o  develop such a  m e th o d . 
I t s  a im s  are:

— to  prom ote th e  q u a n tif ic a t io n  of sy s tem s
— to  un ite  th e  sy s te m s  in to  a m utually  fe r tile  c o m p arab le  un iform  sy s te m
— to  d istinguish  th e  p a r t s  o f com plicated  sy s te m s
— to  contro l th e  e f f ic ie n c y
— to  create p ro g n o s tic s  o f  different k in d s
— to  m ake care fu l su g g es tio n s  to  p la n n in g , ex p erim en ts , s im u la tio n s , 

m o d e llin g , com puterized  a n d  au to m atized  s im u la tio n , algorithm , o p e ra tio n  
re s e a rc h , op tim aliza tio n  a n d  cho ice  the  p references

— to  prom ote th e  s y s te m a tic ,  rap id  a n d  o p t im a l  tran sfo rm a tio n  o f  p ro ­
d u c t io n  stru c tu res

— to  im prove th e  m o re  e x a c t  co n cep t-b u ild in g , to  disclose th e  h id d e n  
sen se  a n d  relations o f  w o rd s  (e.g . m etaphors), to  a p p ro a c h  to  each  o th e r  
th e  sc ie n tif ic  jargons a n d  to  m a k e  i t  more u n a m b ig u o u s

— an d  as a fa r th e r  a im  to  elaborate a  u n ifo rm ly  in te rp re te d  w ide  n e t ­
w o rk  o f  concepts.

W h e n  these aim s se e m  to  be  U topian  one h a s  to  rem em ber th a t  a lo t  o f 
id e a s  o f  th e  “ U to p ia”  b y  T h o m a s  Morus h a v e  a l r e a d y  been realized.
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In  fav o u r o f  th e  fu n d a m e n ta l e lu c id a tio n  o f  th e  possib le  m e th o d  here 
o n ly  a few sy s tem  ty p e s  w ere analyzed  in  f i r s t  a p p ro x im a tio n  n eg lec tin g  con­
sc io u sly  th e  d e ta ils . A  m ore  ex ac t in te rp re ta t io n  needs w ide an d  in te rd isc ip li­
n a ry  coopera tion  o f  d iffe re n t professions.
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П А Р А М Е Т Р Ы  Ц И К Л О В  И  Т Е О Р И Я  СИСТЕМ  

Э. САДЕЦКИ-КАРДОШШ

Р е з ю м е

1. Ц и кли чны е д в и ж е н и я  создаю т системы . В  повседневном  пон им ан ии  данны е 
системы  я в л я ю тс я  п р о д у ктам и  цикли чны х  дви ж ен и й  д в у х  пром еж уточн ы х  форм — полос 
В  и  С.

2. Д л я  однозначного оп и сан и я  физических ц и к л о в  необходимы  12 (р ядо в) парам е­
тров, которы е в  то ж е  в р ем я  я в л я ю т с я  общими х ар ак тер и сти к ам и  эти х  систем . Среди ни х  4 
обозначаю т собственны й у р о в ен ь  и ерархи и  ц и к л а : разм ер н о сть  п р о стр ан ства  и  времени 
(г и I) ц и кл а , число с гр у п п и р о в ан н ы х  по видам  элем ен тов (элем ентов систем ы ) ц и кл а  
(п +  и  +  . . . )  и их  ко о р ди н аты  м естонахож дения (qn +  qu +  ■ ..) .  З ав и си м о сть  циклов 
от внутренней и внеш ней среды  х арактери зую т п арам етры , относящ иеся к  двум  соседним 
у р о вн ям  иерархи и . В н у тр ен н и е  парам етры  п р ед став л яю т  собою  густо ту  элем ентов (о п +  
+  Qu +  • • •) и тем п ер ату р у  (т„  +  т и + ___). С оответствую щ ие этим 6  пар ам етр ам  д ал ьн ей ­
ш ие 6  парам етров с о д ер ж а т  с в я з ь  циклов с  внеш ним и, более вы соким и у р о вн и ям и  и ер ар ­
хи и : относительную  с к о р о с т ь  системы  (тр ан сл я ц и я , D ), долговечность систем ы  (число R  
ротаци й  ци кла), коли чество  по видам полученны х от ср ед ы  и переданны х обратно элем ен­
тов (вход I и вы ход о), кол и чество  д руги х  систем , н ах о д я щ и х ся  в  непосредственной к о н ­
такте  с  данной системой ( N ) ,  свободны й объем ди спергирую щ ей среды  (&) и (внеш ние) п р и ­
нудительны е силы  ( F '  — в н еш н яя  при нудительная си л а  — тем п ер ату р а!).

6 Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



82 S Z Ä D E C Z K Y -K A R D O S S , E .

С т р у к т у р у  систем дает  с в я з ь  3  г р у п п , состоящ их  из четы рех  п арам етров  ц и к л а : 

У р о в е н ь  иер ар х и и

D R F & К i/0
I I „  I I II 1 I I I I
r I I  * l 9 n

п - 1  \ * 1 е /

\ /
3 . Д л я  парам етров ц и к л а  м о ж н о  т а к ж е  вы рази ть  и  ф изическое со д ер ж ан и е  (н а -

1 / Г
п р и м е р , объем  V  ~  г3, м асса М  ~  г ' д ,  ки н ети ческ ая  эн ер ги я  Екин ~ у г3? 1 т )  » эн тр о п и я

в 1 К - & .S  ~  - R  , химический п о тен ц и ал  ц  ~  — - — ).

4 . С реди систем согласно  к о м п л ексн о сти  м огут  бы ть вы делены  р азр яд ы , в  кото р ы х  
с в о й с т в а  12 физических п а р ам е тр о в  ц и к л а  абстр аги р у ю тся  постепенно. Д а н н а я  работа 
в ы д е л я е т  следую щ ие р азряды : эл ек тр о м агн и тн ы е  к о л еб ан и я  полосы  А ;  н еорган и ч ески е  
си стем ы  полосы  В;  неорганические  систем ы  полосы  С; системы  биологических  индивидов; 
си стем ы  ж ивотн ого  мира, п с и х о л о ги ч е ск и х  ц и клов , (гум анн ы х) общ ественны х, экон ом и­
ч е с к и х  и искусствоведческих  н а у к .

5 . Ф о р м а  12 парам етров ц и к л а , и зм еняю щ ихся по р азр я д ам , м о ж ет  с л у ж и т ь  основой 
д л я  с о з д а н и я  единой взаимно пересчи ты ваем ой  системы п он ятий , вместе с тем д л я  ш и р о ко ­
го  к в ан ти р о в а н н о го  обзора зн а н и й . Ч тобы  разобраться  в  х ао се  пон ятий  и зн ан и й , во зр о с ­
ш и х  в  п о то к е  информации и в за и м о св я зей  наш его врем ени, необходим такой  обзор. Х а о с  
п р и в о д и т  к  формированию  новой си стем ы  циклов, смене эп о х , где тео р и я  п р ео б р азо ван и я  
ц и к л о в  м о ж е т  дать информацию .
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CYCLE VIEW AND COSMOLOGY

B y

E . SzjCd ec zk y -K ardoss

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

The v e loc ity  o f the four basic m otion  typ es are logarithm ically doubled when  
m oving  from  the strip D  toward strip A : Юд/Uß ~  1 0 \  Vgivç ~  10'°, vc/vq ~  1020 thus 
VA^D  FV 1010. This relation is interpreted as a resonance of the cyclic  m o tio n  phenom ­
ena.

The structure o f the cycle diagram is correlated w ith the universal constan ts. The 
extension  o f  the space: tim e diagram , how ever, increases according to  th e  dilatation  
o f th e  Universe. This is possible if  the gra v ity  constant changes as a fu n ctio n  o f tim e  
and the m ass o f the m atter was smaller a t the B ig-B ang.

The spherical surface o f the U niverse m easured by the H ubble-radius m a y  be just  
covered by 1080 protons. This is the num ber o f  the protons in the U niverse com puted  by  
Jordan. Thus it  is assum ed that the m atter  — m ainly the protons — are generated  at 
the H ubble boundary-surfaces o f the expand ing  world, when the oscillating a c tiv e  space  
quanta o f th is world collide w ith  the in active  ones outside the expanding w orld. Space  
quanta get rotating b y  the collision thus are jo ined  to particles (m ainly protons) b y  a 
m echanism  principially sim ilar to the electron-positron pair-forming generated b y  high  
energy photons or other typ es o f collision described in  a preceding paper o f  this 
volum e.

This m odel is supported b y  the assum ption o f DinAC concerning the parallel genera­
tion  o f  space and m atter. N o t only the difference of the sm allest and greatest velocities  
b u t — according to D ir a c  — the proportion o f  the electrom agnetic and g rav ita tive  ener­
gies, and the age o f the Universe expressed in atom ic units are o f the order o f  1039— 1040. 
Since th is is the square root o f the num ber o f  the protons 1078—1080, m ass m a y  increase 
proportionally w ith the square o f the lifetim e o f  the Universe.

T h e cycle view  concerns fu n d a m e n ta lly  th e  “ re a l”  fac ts  o f  th e  p re se n t 
w orld  w h ich  can  be d ire c tly  observed . I t  looks p rim arily  fo r th e  u n ifo rm  q u a n ­
t i ta t iv e  bases o f  n a tu ra l  an d  social re la tio n sh ip s . I ts  in te re s ts  a re  assigned  
p r im a r ily  to  th e  h u m a n  p rob lem s. N ev e rth e le ss , since th ese  sp re a d  over 
th e  w hole  U n iverse  th e  co n sid e ra tio n  o f  th e  re la tio n sh ip s  o f cycle  in v e s tig a ­
tio n s  c a n n o t be  avo ided  from  th e  p o in t o f  v iew  o f th e  n ow adays e x te n s iv e ly  
ev o lv in g  sp ecu la tiv e  b ran ch es o f sciences, i.e . o f  th e  sp ace -m a tte r  re la tio n sh ip s  
a n d  o f  cosm ology . T he second  p a p e r a n d  th is  one deal w ith  su c h  k in d s  o f 
p ro b lem s. T hese  sp ecu la tiv e  co n sid e ra tio n s a n d  th e ir  v a lid ity , h o w ev e r, are  
in d e p e n d e n t o f  th e  cycle v e lo c ity  re la tio n s .

In  th e  u p - to -d a te  cosm ology th e  th e o ry  o f  expansion  p re d o m in a te s . T he 
B ig -B an g -s ta te  before  1018 sec, m ore e x a c tly  1,6,109 y ea rs  an d  th e  p reced in g  
u n iv e rsa l b lack -h o le -s ta te  m ay  be in te rp re te d  b y  th e  q u an tu m -m e c h a n ica l tu n ­
n e l-e ffec t, th e  in itia lly  slow  p h o to n -d iss ip a tio n , th e n  b y  th e  a c c e le ra tin g  m a-
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te r ia l  f lo w  affec tin g  o th e r  p a r tic le s , and  f in a lly  b y  th e  B ig-B ang acco rd in g  to  
H a w k in g . T he  u n iv e rsa l cy c lic ity  re la tio n  s u p p o r t  th e  id ea  th a t  th e  g e n e ra tio n  
o f  th e  u n iv e rsa l b la c k  hole  is a  re su lt o f a fo rm e r c o n tra c tio n  co m p lem en tin g  
th e  e x p a n s io n  b u t  e ssen tia lly  oppo site  to  i t .

A c c o rd in g  to  F r ie d m a n  th e  m ass o f  th e  U n iv erse  m a y  be e s tim a te d  
to  1052 to n s  an d  th e  d u ra tio n  o f  ex p ansion  to  40  • 109 years (i.e. s till p lus 
24 • 109 y e a rs ) . I f , h o w ev e r, th e  m a te ria l q u a n t i ty  is considerab ly  less, th e  
g r a v i ta t io n  w ill be  to o  sm a ll to  p roduce  th e  re -c o n tra c tio n  o f th e  m a te r ia l .  
C o n se q u e n tly , th e  a s su m p tio n  o f an  e te rn a lly  e x p a n d in g  w orld , o p p o site  to  
p u ls a t io n  m u s t be  also co n sid e red . This p o s s ib ility  is in v e s tig a te d  b y  P a a l  in  
th is  v o lu m e .

A n y  m odel can  h a rd ly  av o id  th e  new  c o n c e p t o f  D irac  on  th e  p a ra lle l 
g e n e ra t io n  o f  space  a n d  m a t te r .  T he basis o f  th is  is p ro v id ed  b y  th e  p e c u lia r  
r e la t io n s h ip  b e tw een  th e  p ro p o rtio n  o f th e  e lec tro m ag n e tic  an d  g ra v ita tio n  
e n e rg y  o f  1039—1040 (su p p o r te d  also b y  th e  A —D  v e lo c ity  d ifference, see below ) 
a n d  th e  n u m b e r  o f p ro to n s  o f  1078—1080 b e in g  th e  sq u a re  o f th e  fo rm er va lu es .

D ir a c  p o in ted  o u t  t h a t  th e  ra tio  o f th e  e le c tr ic  force o f  e2/r2 an d  o f  th e  
g r a v i ta t io n  force o f  ym emp/r2 re su lts  in  e2lym emp ~  1039, an d  th a t  th e  a p p ro x ­
im a te  ag e  o f  th e  U n iverse  o f  a b o u t 20 • 109 y e a rs  is also 1039 exp ressed  in  
a to m ic  u n its .  A ssum ing  t h a t  th e  coincidence is n o t  acc id en ta l, p a ra lle l w ith  
th e  in c re a s in g  age o f  th e  U n iv e rse  th e  y -v a lu e  sh o u ld  also increase . S ince th e  
to t a l i t y  o f  m a tte r  in  th e  U n iv e rse  am o u n ts  to  a b o u t  1078 p ro to n  m ass w h ich  is 
ro u g h ly  sq u a re  o f th e  age o f  th e  U niverse  in  a to m ic  u n its , D irac  a ssu m ed  
t h a t  t h e  m ass increases p ro p o rtio n a lly  w ith  th e  sq u a re  o f  th e  life tim e . N ew  
p a r t ic le s  a re  p ro b a b ly  g e n e ra te d  w here m a t te r  a lre a d y  ex ists. W hen  m o d i­
fy in g  th e  D ir a c ’s a ssu m p tio n , i.e . th a t  th e  n u c le i o f  n o t  all th e  e lem en ts b u t  
o n ly  th o s e  o f  h y d ro g en  are  co nsidered  to  be  ab le  o f  m u ltip lica tio n  — th e  new  
e le m e n ts  o f  g re a te r  a to m ic  w e ig h t are  p ro d u c e d  b y  th e  jo in in g  o f  th e se  —, i t  
c a n  b e  u n d e rs to o d  th a t  in  th e  an c ien t m in era ls  no  tra c e s  o f p ro to n  fo rm a tio n  
ca n  b e  o b served .

T h e  re su lts  o f th e  u n iv e rsa l cycle re la tio n  s u p p o r t  th is  concep t. T h e  d if­
fe ren ce  b e tw een  th e  g re a te s t  an d  sm allest cycle  velocities is o f  1039— 1040 
o rd e rs  o f  m a g n itu d e : vA/vD ~  1040. This c o n fo rm ity  is n o t acc id en ta l: th e  elec­
t ro m a g n e t ic  o scilla tions are  re p re se n te d  b y  th e  s t r ip  A , w hile g ra v ita tio n  can  
b e  t r a c e d  b a c k  to  th e  m o tio n  sy s tem  of th e  s tr ip  D  (to  th e  oscillation  o f  p a r t ic ­
les, see p . 61. o f th is  v o lu m e). T hus, th e  d iffe ren ce  o f  1039—1040 ex is ts  n o t 
o n ly  b e tw e e n  th e  e lec tro m ag n e tic  an d  g ra v ita t io n  energies, b u t  also b e tw een  
th e  co rre sp o n d in g  v e lo c ity  v a lu es .

K e la tio n sh ip  can  be d e te rm in e d  n o t o n ly  b e tw e e n  th e  tw o ex trem e  v e lo c ­
it ie s  b u t  also be tw een  th e  ve loc ities o f th e  fo u r  b a s ic  cyclic ty p es  o f  m o tio n . 
A c c o rd in g ly , th e  su b se q u e n t ve loc ities can  be lo g a rith m ic a lly  halv ed  o r in  o th e r  
w o rd s  w h e n  m oving  fro m  th e  s tr ip  D  to w ard s  s t r ip  A  th e  values o f  ve lo c ities
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a re  lo g a rith m ica lly  d o u b led :

v a I v b  ~  1Q5’ v b Iv с ~ Ю 10, v c / v d  ~  1020 .

T h e lo g arith m ic  h a lv in g  o f  velocities sh o u ld  he in te rp re te d  as a  reso­
n an ce-lik e  un iversa l h ie ra rch ic  phenom enon  re fle c tin g  th e  law  o f u p p e r  h a rm o n ­
ics o f  w av e-len g th ., resp . frequencies . T his re la tio n sh ip  inc ludes th e  energies, 
m o m en ts , d ispersities a n d  a  lo t  o f  o th e r  p h en o m en a  of th e  U n iv e rse . Con­
s id e rin g  th e  s tru c tu re  o f  p a rtic le s  a n d  o th e r  asp ec ts  th e  in tro d u c to ry  s tu d y  
d iscu ssed  th e  g enera l p ro b le m s o f th e  re so n an ce .

T h e  s tu d y  o f B e n k Ő (se p a ra te  vo lum e) dea ls  w ith  th e  te m p o ra l a r ith m e tic  
d o u b lin g , resp . ha lv in g  o f  th e  geological a n d  galac tic  processes.

A ccord ing  to  th e  reco g n itio n  o f  P aál ( th is  volum e), in  case  o f  ce lestia l 
b od ies a n d  system s o f ce lestia l bodies th e  lo g a rith m ic  doub ling  (h a lv in g ) also 
a p p e a rs . H av in g  h a lv ed  lo g a rith m ica lly  th e  p ro to n  m ass o f  a b o u t  1078— 1080 
o f  th e  U niverse , resp . th e  A — D  v e lo c ity  o f 1039— 1040, th e  lo g a rith m ic  ha lv in g  
c a n  be  co n tin u ed  in  d e ta ils  in  th e  n e x t lo g a rith m ic  doubling . A t  th e  1058S 
p ro to n  v a lu e  th e  m ass o f  th e  g re a te s t s ta r  is o b ta in ed , th e  su b se q u e n t loga­
r ith m ic  h a lv in g  p roduces th e  m ass o f  th e  g re a te s t  ga laxy  a t  1068'5 p ro to n  m ass, 
a n d  th e  m ass o f th e  g re a te s t  su p er-g a lax y  a t  1073 p ro to n  m ass.

P a a l ’s p ro to n -s ta r-g a lax y -m ass  re la tio n sh ip  expresses th e  m u tu a l  q u a n ­
t i t a t iv e  d e te rm in a tio n  o f  th e  h ie ra rch ic  sy s tem s o f s tr ip  B. C o n seq u en tly , th e  
B ig -B an g  explosion is an  o sc illa tion -like  en e rg y  effect w hich can  b e  described  
b y  w av e  eq ua tions.

T h u s , accord ing  to  th e  cycle v iew  th e  U n iverse  can be co n s id e re d  as an  
u n b ro k e n  system  o f rh y th m ic -o sc illa tin g  a n d  cyclic-revolv ing  m o tio n s  w hich 
c a n  b e  essen tia lly  described  b y  w ave eq u a tio n s .

T h e  cycle d iag ram  in te rp re te d  in  sense o f  th e  u p p er h a rm o n ic s  p ro v id es  
fu n d a m e n ta l in fo rm a tio n  o n  th e  prob lem s o f u n iv e rsa l co n stan ts . T h e  s tru c tu re  
o f  th e  cycle d iag ram  (F ig . 1 in  th e  f ir s t  p a p e r  o f  th is  volum e) re f le c ts  som e 
u n iv e rsa l co n stan ts . T he s tr ip  D  is d isp laced  to w a rd s  th e  r ig h t- in c re a s in g  tim e  
p a ra m e te rs  in  th e  course o f  th e  ex p ansion  o f  th e  U niverse. T his re s u lts  in  th e  
in c rea se  o f  th e  cycle d ia g ra m  in  p ro p o rtio n  w ith  tim e , b u t  th e  d is ta n c e s  be­
tw e e n  th e  s trip s  does n o t  in crease . T h is is possib le  if  ce rta in  u n iv e rsa l con­
s ta n ts ,  f i r s t  o f all th e  g ra v ity  c o n s ta n t ch an g e  as a func tion  o f  th e  t im e . In  
th is  case, a t  th e  beg inn ing  a ll th e  ce lestia l bod ies an d  system s o f c e le s tia l bodies 
w ere  o f  sm aller m ass an d  h a v e  increased  p a ra lle l w ith  th e  e x p a n s io n  ( D i h AC).

I n  th e  chang ing  U n iverse  m a n y  d im ensionless values re m a in  u n ch an g ed  
b u t  th e  basic  u n its  o u tside  th e  s tr ip  A  w ill ch an g e , i.e. th e  abso lu te  q u a n ti t ie s  of 
th e  m a t te r  an d  energy  w ill also a lte r . A ccord ing  to  th e  u p p e r-h a rm o n ic  h ie r­
a rc h y  s tru c tu re , th e  c o n se rv a tio n  o f  m a tte r  a n d  energy  m eans n o t  th e  co n se r­
v a tio n  o f  th e ir  ab so lu te  v a lu e , b u t  th e  c o n se rv a tio n  o f  th e ir  lo g a rith m ic  ra tio s  
a n d  som e basic  re la tio n sh ip s . T he m easu rem en t produces th e  c o n s ta n t  v a lu e ,
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th e  s u m  w hen s ta r tin g  f ro m  a  co n stan t. I n  f a c t ,  i t  is n o t  th e  ab so lu te  va lu es  
a n d  co n se rv a tio n  o f th e  m a t t e r  and  energy w h a t is  m easu red  h u t  th e  co n ser­
v a t io n  o f  th e ir  ra tio . A c c o rd in g  to  th is  in te rp re ta t io n , th e  abso lu te  v a lu es  o f 
th e  m a t te r ’s q u a n tity  in c re a s e  in  th e  e x p an d in g  w o rld , th u s th e  p ro p o rtio n s  
o f  v e lo c itie s  and  d isp e rs itie s  a re  changing, in  th e  sense t h a t  th e y  becom e 
d if fe re n tia te d . This m a y  b e  show n b y  th e  te m p o ra l  increase of th e  u n its  o f 
sp a c e -  a n d  tim e axes o f  t h e  cycle  d iagram .

T h e  lig h t v e lo c ity , i .e .  t h e  vacuum  c h a ra c te r  o f  s tr ip  A  shou ld  b e , how ­
e v e r , considered  to  be u n c h a n g e d . M oving b a c k w a rd s  in  tim e th e  v e lo c itie s  of 
s t r ip s  В  an d  C ap p ro ach  th e  A  l ig h t ve loc ity , i.e . t h e y  increase. F in a lly  (in  th e  
o b v io u s ly  unrealizab le  e x tre m e  case), only one  v e lo c ity , th e  lig h t v e lo c ity  an d  
th e  co rrespond ing  one D  n u c leo n  would re m a in  as  th e  a b s tra c te d  s ta r t in g  
p o in t  o f  th e  B ig-B ang. T h u s , th e  in itia l n u c leo n -p o o r s ta te  is c h a ra c te riz e d  by  
a  m in im u m -d en sity  v a c u u m  ra t io , i.e. b y  an  e x tre m e  q/& degree o f  d ispersion , 
(see  th e  fo rm er p a p e r  o f  t h i s  volum e) i.e. g re a t  v e lo c ity  app roach ing  th e  lig h t 
v e lo c ity .

T h e  typ es o f d isp e rs io n  (an d  no t th e  a b so lu te  va lues) o f th e  m a t te r  im ­
b e d d e d  in  vacuum  a re  u n c h a n g e d . The basic  sch em e  o f  th e  cycle d ia g ra m  an d  
th e  in v o lv ed  n a tu ra l la w s  a re  unchanged.

T h e  constancy  o f  a ll u n iv e rsa l co n stan ts  c a n  be  assum ed o n ly  i f  th e  law  
o f  u p p e r  harm onics w o u ld  n o t  ex ten d  also o v e r th e  s tr ip  D. In  th is  case, p a ra l­
le l w ith  th e  tem p o ra l d isp la c e m e n t to  th e  r ig h t  o f  th e  s tr ip  D  on ly  th e  g re a t­
d im e n s io n a l p a r t  o f th e  s t r ip s  A  and  В  w ould  be  e lo n g a te d  w ith o u t th e  change 
o f  th e  d istance  b e tw een  s t r ip s  A , В  and  C, re sp . o f  th e  abso lu te  v a lu e  o f  th e ir  
v e lo c ity .

T h e  princip le o f  u p p e r  harm onics shou ld  be  re f le c te d  also b y  th e  te m p o ra l 
c h a ra c te r  o f th e  p rocesses. I t  is im p o rtan t, h o w e v e r , th a t  as a fu n c tio n  o f  th e  
h isto ric -geo log ica l tim es  th e  u p p e r  harm onics a p p e a r  n o t in  lo g arith m ic  b u t  in  
n e a r ly  a rith m etic  u n its  th o u g h  slightly  a c c e le ra tin g  in  tim e . T his fo llow s from  
th e  re la tio n  th a t  t im e  is  one-d im ensional, sp ace  is  th ree -d im en sio n a l.

T h e  cycle r e la tio n  a llow s to  in te rp re t th e  d iffe rence  o f v e loc ities, resp . 
e n e rg ie s  o f 1039—1040 o rd e r  o f  m agn itude , re sp . i ts  re la tio n sh ip  w ith  th e  p ro to n  
n u m b e r  o f 1078—1080. I t  h a s  b een  found th a t  th e  p ro to n s  of ab o u t 1080 n u m b e r 
w o u ld  cover th e  sp h e ric a l su rface  o f H u b b le -ra d iu s  as a  u n is tra ta l  envelop .

T h e  np p ro to n  n u m b e r  is  a linear fu n c tio n  o f  th e  expansion  a n d  is in  p ro ­
p o r t io n  w ith  th e  sum  o f  th e  circle section su rface  o f  th e  p artic les n, f i r s t  o f  all 
o f  th e  p ro to n s of r  ra d iu s  o f  th e  prevailing  H u b b le  sp h e rica l surface o f  R  ra d iu s : 
T h e  n u m b e r n(p+X) o f  th e  p ro to n s  and  o th e r  p r im a ry  p a rtic le s  w ill be  d e te r ­
m in e d  b y  the  e q u a tio n : ( r  a n d  R  in  cm -s):

4 R 2
n (p+ x)  —  T~ 

TP

( 4 ^  =  4 .1 0 " .  
(10-13)2
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T he Л(/)+Х)П и тЬ ег in c lu d in g  o th e r p a rtic le s  m ay  be g re a te r  b y  a b o u t tw o 
o rd e r o f  m a g n itu d e  th a n  th e  np p ro to n  n u m b e r. T h u s  th e  a b o u t 1078— 1080 
p ro to n  n u m b er c o m p u te d  b y  J ordan  a n d  o th e rs  su ffic ien tly  co rresponds to  
th e  th e o re tic a lly  c a lc u la te d  v a lue . B e tte r  a g re e m e n t is fo u n d  w h en  in s te a d  o f 
th e  1080 p ro to n s  =  1.67 • 1050 to n s  m a tte r  th e  m o st u p - to -d a te  va lu e  o f  105* 
to n s  o f  H e r b e r t  is ta k e n  in to  accoun t.

A ccording to  th is  new  re la tio n sh ip  in  th e  U n iverse , th e re  is a  m a te ria l 
m ass (essen tia lly  p ro to n )  w hich  ju s t  cover th e  H u b b le -su rface . T h is re la tio n sh ip  
also su p p o rts  th e  cosm ology  o f D irac  an d  th e  en la rg e m e n t o f  th e  m o d ified  conser­
v a tio n  theses. A cco rd ing ly , th e  sp a c e /m a tte r  r a t io , as well as th e  d e n s ity  o f  th e  
U niverse , fu r th e r  th e  ra t io  o f  th e  e lec tro m ag n etic  a n d  g ra v ita tio n  forces are  
c o n s ta n t, b u t  th e  q u a n t i ty  o f  m a tte r  an d  am o n g  o th e rs  th e  va lu e  o f  th e  
g ra v ity  c o n s ta n t is ch an g in g , i.e. increasing .

T h is re la tio n sh ip  is v a lid  in d e p e n d e n tly  o f  th e  cycle v iew  an d  o f  th e  
in te rp re ta tio n  o f  th e  sp ace -q u an tu m  m odel a n d  su p p o rts  th e  in te rp re ta tio n  
o f  th e  g en era tio n  o f  p a rtic le s  m ostly  as a su rfic ia l f ro n ta l  p rocess co nnec ted  
w ith  th e  ex p an sio n .

A ccord ing  to  th is  connection , i t  m a y  be  assu m ed  t h a t  p ro to n s  are  
g en e ra ted  a t  th e  p re v a ilin g  H u b b le -b o u n d a ry  o f  th e  e x p an d in g  w orld  and  
p roceeds a t  th is  su rface . H ere  th e  ac tiv e  space  q u a n ta  o f  th e  ex p an d in g  w orld  
collide w ith  th e  in a c tiv e  space q u a n ta  o u ts id e  th e  H u b b le -v o lu m e . T h e  h e reb y  
ro ta t in g  space q u a n ta  a re  jo in te d  to  p a rtic le s . T h e  sine w aves o f  th e  osc illa ting  
space q u a n ta  w h irlin g  b ack w ard s  p roduce  th e  ro ta t io n . T h is process is s im ilar 
to  th e  p a ir  fo rm ing  m echan ism  o f th e  p h o to n -p ro to n  collision described  in  th e  
second p a p e r o f  th is  vo lum e (p. 60.).

H ow ever th e  process a t  th e  H u b b le -su rface  d iffers fro m  th e  com m on 
p a ir-fo rm a tio n  t h a t  n o t  th e  p h o tons o f  g re a t v e lo c ity  b u t  on th e  c o n tra ry , p a r ­
tic les o f g rea t v e lo c ity  collide w ith  re la tiv e ly  in a c tiv e  space q u a n ta . E ach  p a r t ­
icle p roduces in  f ro n t o f  i t  sy m m etrica lly  ro ta t in g  space q u a n tu m  g ro u p s w hich  
jo in  th e ir  n e ighbours o f  opposite  ro ta tio n  a n d  p ro d u ce  s tab le  p a rtic le s . T hus, 
th e  q u a n ti ty  o f  th e  g en e ra ted  p artic les is p ro p o r tio n a l to  th e  p rev a ilin g  va lu e  
o f  expansion  a t  th e  H u b b le -su rface .

T he pa rtic le s  g en e ra tin g  a t  th e  H u b b le -su rface  lag  ev er b e h in d  th e  fro n t 
ex p an d in g  w ith  l ig h t v e lo c ity  as a re su lt o f  th e i r  in e r t ia  an d  th e ir  in itia l A - 
ve lo c ity  decreases to  Л -velocity . In  th e  course  o f  dec reasin g  te m p e ra tu re  th e  
in itia lly  un ifo rm ly  d is tr ib u te d  p artic les a re  jo in e d  to  a to m s a n d  m olecule g roups, 
th e n  b y  m eans o f  g ra v ita tio n  to  ce lestia l b o d ies .

As a re su lt o f  th e  ap p ea ran ce  o f p a rtic le s  in  th e  ex p an sio n  fro n t a m ag n e t­
ic  fie ld  affec ting  th e  m o tio n  o f  partic les  w ill occu r.

In  th is  w ay  th e  m odelling  o f  th e  p u lsa tin g  U n iv e rse  seem s to  be possib le .
P a ra lle l w ith  th e  fu r th e r  decrease o f  en e rg y  th e  v a cu u m  te m p e ra tu re  

(2.7 K) o f th e  U n iv e rse  ap p ro ach in g  th e  ab so lu te  zero , th e  eq u ilib riu m  b e tw een
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th e  e x p a n s io n , and  p ro to n  fo rm a tio n  w ill be  b ro k e n  a n d  a m a rg in a l p ro to n  
a c c u m u la tio n  w ith  th e  in c re a se  o f  g ra v ita tio n  w ill b eg in . T h u s  e x p a n s io n  is 
r e p la c e d  b y  co n trac tio n .
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Ц И К Л И Ч Н Ы Й  П О Д Х О Д  И КОСМ ОЛОГИЯ

Э. САДЕЦКИ-КАРДОШШ

Р е з ю м е

С к о р о с ти  четырех основны х ти п о в  д в и ж ен и я  л огариф м и чески  у д в аи в аю тся , если  
п р о д в и га ю т с я  от полосы D  в с то р о н у  п о л о су  A :  vA/vB ~  105, vB/vc  ~  Ю10, vc/ vd  ~  Ю20 и 
va / vd  ~  1040. Эта зависим ость т о л к у е т с я  к а к  резонанс  я в л ен и я  ци кли чного  д в и ж е н и я . 
С т р у к т у р а  диаграм м ы  циклов о т р а ж а е т  у н и вер сал ьн ы е  к онстанты . П р о тя ж ен н о сть  д и аг ­
р ам м ы  п р о стр ан ств о ; врем я, о д н ак о , у в ел и ч и в ается  согл асн о  ди латац и и  к о см о са . Это 
в о зм о ж н о  п р и  условии, если  к о н с т а н т а  гр ав и тац и и  и зм еняется  в  ф ункц ии  врем ени  и 
м асса  м а т е р и и  бы ла бы меньш е п р и  Б и г  Б енге.

Сферическая поверхность Вселенной, измеряемая радиусом Хаббла, покрывается 
как раз 1080 протонами. Это — количество протонов во Вселенной, вычисленное Джорда­
ном. Таким образом, можно допустить, что материя — главным образом протоны — созда­
ются поверхностями границы Хоббла растягивающегося мира тогда, когда осциллиру­
ющиеся активные пространственные кванты этого мира столкиваются с неактивными про­
странственными квантами, находящимися за пределами растягивающегося мира. Таким об­
разом, пространственные кванты, введенные во вращение в результате столкновения кван­
тов, присоединяются к частицам (главным образом — протонам), посредством механизма, 
в основном аналогичного фотонам высокой энергии, образующим электроно-позитроновые 
пары или других типов столкновения, описанных в предыдущей стате.

Эту модель поддерживает предположение Дирака относительно параллельного об­
разования пространства и вещества. Не только разница наименьших и наибольших ско­
ростей, но — по мнению Дирака — также и электромагнитная и гравитационная энергии и 
даже возраст космоса выраженный атомными единицами, имеют величину порядка 10гэ— 
1040. Поскольку это квадратичный корень числа протонов 1078—1080, масса изменяется, 
по-видимому, пропорционально квадрату ее продолжительности существования.
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FUNCTION RELATIONS AND CONFIDENCE 
INTERVALS OF CYCLIC RELATIONSHIPS

By

F . B e n k 6

DEPARTMENT OF GEOLOGY, EÖTVÖS LORÄND UNIVERSITY, BUDAPEST

The shape and confidence lim its of th e  functions expressing th e  velocity  relations 
of th e  electrom agnetic (strip A ), cosmogonic and  mechanical cosmogonic (s trip  B )  and 
of th e  chem ical, biological and geological (s trip  C) motions lying in  th ree  paralle l strips 
in  th e  diagram  of universal cyclicity re la tion  of S z á d e c z k y -K a r d o s s . T he confidence in­
te rva ls  of th e  functions are taken  as ± 1 /2 , ± 1  and  ± 2  orders of m agnitude.

The in terac tion  of strips is assum ed to  he one-sided: the m otion of g rea te r velocity 
affects th a t  o f lower velocity h u t inversely th is  is n o t true.

W hen m oving from  the strip  A  tow ards strip  C the m otion cycles are  repeated 
sim ilarly b u t less regularly th an  ever. T hus, to  more obvious characteriza tion  of the 
cycles of biological and geological character in  strip  C the logarithm ic spiral is suggested. 
In s tead  of th e  life-tim e of the individual, th e  tim e necessary for rep roduction  (i.e. for 
sexual m a tu rity ) is suggested to  describe th e  biological cycle.

To investigate  the  social and economic cycles is troublesome and  is caused by  the 
fac t th a t  th e  num ber of repetitions is sm all while the factors influencing th e  cycle are 
num erous and  the ir interaction is n o t alw ays cleared.

A ccord ing  to  th e  ever p rog ressing  a n d  advancing  u n iv e rsa l cyclic ity  
re la tio n sh ip  e s ta b lish e d  b y  E . Szá d ec zk y -K ardoss  in  1975 th e  cy c lic  n a tu ra l 
p h en o m en a  k n o w n  so fa r  p lo tte d  in  a re c ta n g u la r  d iag ram m  (on  th e  basis  of 
th e ir  space  a n d  tim e  p a ram e te rs )  are  th e  e lec trom agnetic , m e c h a n ic a l and 
ch em ical, o r r a th e r  b iochem ical an d  b io lo g ica l cycles of m o tio n . T h ese  ap p ear 
a rran g ed  along  th re e  p a ra lle l s tra ig h t  lines (A , B , C). T he re c o g n itio n  o f  th is  
re g u la r  a rra n g e m e n t w as possible th a n k s  to  th e  necessary  an d  lo g ica l m ode of 
re p re se n ta tio n  w h ich  d em o n stra ted  th e  p a ra m e te rs  in  question  in  lo g a rith m ic  
scale  ju s t  due  to  th e ir  w ide range  o f  o rd e rs  o f  m agn itude  [10  1 1 , 1 2 ].

T h e  fa c t t h a t  th e  num eric  re la tio n sh ip  o f  d a ta  was tra n s fo rm e d  in to  a 
lo g a rith m ic  one h a s  th e  ad v an tag e , in  a d d itio n  to  th e  suggestive  g ra p h s , th a t  
th e  reco g n itio n  o f  re la tio n sh ip s  as well as th e i r  m a th em a tica l-g eo m e tric  t r e a t ­
m e n t becam e easier.

1. E x p ressio n  of th e  U niversa l Cyclicity R elationsh ip  in  F o rm  
of F u n c tio n  R e la tio n e

In  th e  sp ace -tim e  d iag ram  th e  a r ra n g e m e n t o f po in ts  is n o  s trik in g ly  
re g u la r  t h a t  i t  n e a rly  com pels to  express th e  in te rre la tio n s  b e tw e e n  th e  in d i­
v id u a l fac to rs  in  fo rm  o f functions. M oreover, i t  is desirable in  a ll cases and
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e ffo rts  w ill be  m ade to  ex p re ss  th e  re la tions b e tw e e n  p h en o m en a  m ost s im p ly ,
i.e . p o s s ib ly  in  form  o f  a  fu n c tio n  re la tio n . T h is  re q u ire m e n t can ea s ily  be  
s a t is f ie d  j u s t  due to  th e  d o u b le  lo g arithm ic  p lo tt in g .

1.1 F u n ctio n  Forms o f the S tr ip s

1 11 . T h e  re la tio n sh ip  b e tw e e n  th e  lo g a rith m s  o f  th e  p lo tte d  v a lu es  c a n  
be  c o n s id e re d  num erica l b e c a u se  o f  th e  lin ea r a r ra n g e m e n t an d  can  b e  s im p ly  
e x p re s s e d  b y  th e  eq u a tio n  o f  th e  s tra ig h t line.

A ssu m in g  th a t  th e  co rresp o n d in g  v a lu e  p a ir s  a re  obviously  in  a close 
c o r re la t io n  w ith  each o th e r  (w h ich  is m ade p ro b a b le  b y  th e  a rran g em en t o f  th e  
e m p iric  d a ta  in  th e  fig u re  a n d  b y  th e  stud ies o f  d iffe re n t b ranches o f  science) 
th e  re la tio n sh ip s  can  be  ex p re ssed  by  th e  fo llo w in g  logarithmic functions:

log  y  a  =  log  xA +  log  3 • 1010 

log  У в  =  log  х в  +  log  105 

log Ус =  log  xc +  log  10-7

w h e re  у  =  cm ; x  =  sec
1 .12 . T he th ree  p a ra lle l s tra ig h t  lines m a rk e d  b y  A , В  and  C in  th e  f ig u re  

a re , in  f a c t ,  n o t p a ra lle l w ith  each  an o th e r. T h is  becom es ev id en t w h e n  th e  
f u n c t io n  re la tio n s  re p re se n te d  b y  th e  th ree  s tr ip s  d esign ing  th e  o rder o f  cyclic  
m o tio n  are expressed in  d e lo g arith m ized  fo rm , i.e . numerically. In  th is  case :

У A =  I» 10 • *A 

У в  =  Ю5 • хв

Ус 10-7 • х г  = х с
107

W h e n  expressing  th e  th r e e  lines n u m e ric a lly , also s tra ig h t lines re s u lt ,  
b u t  th e s e  a re  n o t p a ra lle l w ith  each  o th e r a n d  s ta r t in g  from  th e  origo th e y  a re  
e x tr e m e ly  d ivergen t. T he lin e s  A  an d  В  are  v e ry  s te e p  as th is  is in d ic a te d  b y  
th e i r  r is e :  1010 resp . 105, w h ile  th e  line C is v e ry  f l a t ,  i ts  rise is 10-7. T h u s , th e  
lin es  A  a n d  В  can  be co n sid e red  to  be v e rtic a l a n d  th e  line C to  be p ra c tic a lly  
h o r iz o n ta l .  In  th is  w ay  th e  re la tio n sh ip s  m a y  lose one  o f  th e ir  m ost im p o r ta n t  
a d v a n ta g e ,  i.e. th e ir  su g g estiv n ess . On th e  o th e r  h a n d , p lo ttin g  re q u ire s  a 
lo g a r i th m ic  scale due to  p ra c tic a l  reasons, as w ell.

1 .2 . T h e  function relations ou tlined  above  are valid  n o t be tw een  in f in i te  
l im its . T h is  can  be d educed  also  from  th e  fig u re . T h e y  are  valid  in  th e  ra n g e s  
d e te rm in e d  b y  lim its b a sed  o n  rea l d a ta  a n d  som e th eo re tica l co n sid e ra tio n s . 
T h e se  c a n  be d e te rm in ed  acco rd in g  to  tw o a s su m p tio n s :
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— th e  s tra ig h t  lines A , В  an d  C re f le c t re a l co rre la tions;
— th e  H u b b le -lim it is va lid  fo r all th e  th re e  cyclic m o tio n s .
1.21. T he low er lim it  o f  the line  “ ^4”  w as fixed  b y  E . S zádeczky - 

K ardoss  a t  2 • 10 ~ 14 cm  as deduced  fro m  th e  P la n c k ’s en e rg y  v a lu e s  o f the 
v ib ra tio n  q u a n tu m s assigned  to  th is  ra n g e  (11). This u n a m b ig u o u s ly  d e te r­
m ines th e  co rrespond ing  tim e  v a lu e , as w ell.

I n  th e  figu re  th e  origo is 1 0 - ls  sec fo r x ,  an d  1 0 _2S cm  fo r y .
T hough  th e  choice o f  origo o f  th e  co o rd in a te  system  is a rb i t r a ry ,  the  

v a lu e  chosen (being  less b y  an  o rd e r o f  m a g n itu d e  th a n  th a t  d e d u c e d  th e o re t­
ically ) seem s to  be  w ell founded . T h e  m in im u m  o f space p a ra m e te r ,  1 0 -15 cm, 
is less b y  th ree  o rders o f  m a g n itu d e  th a n  t h a t  o f  electron , b u t  is  g re a te r  th a n  
th a t  o f  th e  zero-m assed  p a rtic le s , i.e. p h o to n , e lec tro n -n eu trin o , m y o n -n eu tr in o , 
re sp . th e ir  a n ti-n e u tr in o  an d  g rav ito n .

O n th e  basis  o f  th e  a ssu m p tio n  o f G y . P A jÍ l  [ 8 ] ,  i.e. t h a t  as d e d u ced  from 
th e  th e o ry  of r e la t iv i ty  th e  u p p e r lim it lies a t  a b o u t 1010 p a rse c  ( =  3.1 • 1028 
cm ), th is  va lu e , 1028 cm  h as b een  ac c e p ted  b y  E . SzI d ec zk y -K a r d o ss  [11]. 
T h e  co rrespond ing  tim e  p a ra m e te r , i.e . 1018 sec coincides w ith  th e  H u b b le -tim e . 
T h is m ig h t be th e  “ B ig -B an g ”  cycle o f  th e  (know n) un iverse  [8 ] . T h e  upper 
lim it o f  th e  tim e  p a ra m e te r  w ould  co rresp o n d  to  0.98 • 1011 y e a rs . T h is is in 
good co rre la tio n  w ith  th e  cycle tim e  o f a b o u t 0 .86  • 1011 y e a rs  co n c lu d ed  by  
F r id m a n n  to  th e  ex p a n s io n -c o n tra c tio n  cycles o f th e  U n iv e rse . T h u s , th is 
w ould  correspond  to  th e  s ta b il i ty  lim it o f  th e  U niverse b u t  w o u ld  n o t  m ean 
th e  b o u n d a ry  o f  i t ,  o n ly  th e  b o u n d a ry  o f  m a tte r  be ing  c a p a b le  o f  stab le  
m o tio n . C onsequen tly , th is  does n o t m ean  th e  en d  o f th e  U n iv e rse  b u t  m eans 
th e  space an d  tim e  lim its  o f  m a tte r  in  cyclic  m o tio n  [9].

1.22. T he u p p e r  lim it o f the function  В  expressing  th e  cycles o f  th e  me­
ch an ica l m o tion  o f m a t te r  m a y  su rp ass  in  no  case th e  ran g e  v a lid  fo r  A .  I t  is 
v e ry  lik e ly  even  less b y  a n  o rd er o f  m a g n itu d e  a t  least. T h u s x BmlkI 1017 sec 
th is  is som ew hat less th a n  th e  v a lu e  in  th e  fig u re .

To de te rm ine  th e  low er lim it seem s to  be som ew hat m o re  p ro b lem a tic . 
O n th e  figu re  th e  low er lim it p o in t o f  th e  s tr a ig h t  line is in d ic a te d  a t  x  =  10 -13 
sec, an d  from  here  th e  line  is co nnec ted  w ith  th e  origo, i.e . w ith  th e  s ta r tin g  
p o in t o f A .  In  th is  case th e  low er lim it w o u ld  be  de te rm in ed  b o th  fo r  у  as well 
as fo r  th e  u p p e r v a lu e  o f  x.

I t  is to  be considered , how ever, w h e th e r  is i t  necessary  to  d e r iv e  th e  tw o 
lines from  th e  sam e s ta r t in g  p o in t. I n  la c k  o f  concrete  d a ta , re s p . know ledges 
on  a p u re ly  th e o re tic a l basis a specu la tiv e  m odel can  be m ade u p  w h ich  derives 
th e  s ta r t  o f line В  n o t fro m  th a t  o f A ,  b u t  fro m  elsew here a n d  c o n n e c ts  th e m  in 
a n o th e r  m anner. T h e  low er lim it v a lu e  o f  th e  line В  can  be a p p ro a c h e d  also as 
follow s:

B ased  on  th e  fig u re , th e  у  =  1 0 ~ 8 sp ace  d im ension c o rre sp o n d in g  to  the  
e lec tro n  shell o f h y d ro g en  does n o t fa ll to  th e  line B. T hus, th is  p o in t  c an  be
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c o n s id e re d  as a tra n s it io n  to  t h e  cu rve  A . To ta k e  th is  v a lu e  as th e  low er lim it 
o f  th e  s tr a ig h t  section  is , o f  c o u rse , a rb itra ry . N e v e rth e le ss , th is  expresses th e  
p r in c ip le  t h a t  m a tte r  c a n  p a s s  from  e lec tro m ag n etic  to  m echanical m o tio n , 
re s p . t o  e x e r t  m echan ical o r  m o re  exactly  such  m o tio n  w h ich  can  be  d esc rib ed  
b y  th e  N e w t o n ’s ax iom s, o n ly  a f te r  hav ing  a t ta in e d  a  ce rta in  o rd er o f m a g n i­
tu d e .

A ssum ing  th a t  in  e n d  cases  th e  tra n s itio n  f ro m  one curve  in to  th e  o th e r  
is a b r u p t ,  th is  is in d ic a te d  in  th e  figure by  h o r iz o n ta l, resp . v e rtica l d isp lace­
m e n t. I n  th e  v a rie ty  o f  th e  d ia g ra m  m odified in  th is  m a n n e r (Fig. 1) th e  f in a l 
se c tio n s  o f  th e  curves a re  w i th o u t  rounding  in  o rd e r  to  em phasize th e  a b ru p t  
c h a ra c te r  o f  th e  tra n s it io n . T h is , how ever, does n o t  ex c lu d e  tran s itio n s  o f  o th e r  
k in d , e .g . in c id en ta lly  n o n -h o r iz o n ta l joining.

log cm

F ig . 1. Functions, lim its and  ranges of validity of th e  cyclic relationships. 1. Lines of cyclic 
functions; 2. validity  lim its; 3. in te rv a ls  ranges; 4. possible (probable) transitions betw een the

strips

It is to be noted that according to Gy . Paál the motions falling to the up­
per end zone of strip В  leave the strip at the tim e dimension of 1014 sec, and 
tend to  join the final point o f strip A  along an ever rising line and reach it in a 
distance of about 1015 light-year, i.e. of about 1023 cm.
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1.23. T h e  u p p e r  lim it o f strip C w as d e te rm in ed  b y  E . S z a d e c z k y -K a r - 
d o s s  b y  th e  E a r th ’s d ia m e te r  (1.3 • 10® cm ) an d  b y  th e  co rresp o n d in g  tim e 
p a ra m e te r  (1014 sec). I f  th e  E a r th  cycle is considered  to  be  n o t  a n  ind iv idual 
phenom enon , th is  lim it c a n  be  so m ew h at e longa ted .

In  fa v o u r o f  a m ore e x a c t d e lim ita tio n  th e  fo llow ing  co n sid e ra tio n  is 
suggested . T he co n d itio n  shou ld  be v a lid  o f b o th  s tr ip s  C a n d  В  t h a t  th e ir  
u p p e r  lim it c an  n o t  exceed  th a t  o f  A ,  m oreover, lo g ica lly  t h a t  o f  s tr ip  C 
c a n n o t exceed th a t  o f  B.

T he age o f  th e  E a r th  as a geological o b jec t is 5 to  6 • 10® y ea rs  (i.e. 1.6 
to  1.9 • 1017 sec) as to  o u r re c e n t know ledge. C onsidered , h o w ev er, as a geo­
logical o b jec t possessing  also b io logical cycles, i t  m u s t b e  y o u n g e r. Since th e  
difference does n o t  exceed  50 p e r c en t o f th e  w hole age, m ore  p ro b a b ly  i t  is only 
25 to  40 p er c en t o f  i t ,  th is  does n o t  cause change in  th e  o rd e r  o f  m agn itude . 
T h u s, th is  c an  be  n eg lec ted .

T he to ta l  tim e  in te rv a l o f  th e  E a r th  cycle is u n k n o w n . W h en , how ever, th e  
s tr in g e n t s ta te m e n t o f  th e  u n iv e rsa l cy c lic ity  re la tio n  is v a lid , t h a t  th e  space 
d im ension  o f th e  cycle d e te rm in es  also its  tim e  p a ra m e te r , in  possession  o f  the  
space p a ra m e te r  th is  c an  be  d e te rm in ed  in  th e  fig u re . F u r th e r ,  considering  th e  
re c e n t d im ension  o f  th e  cycle, th is  de te rm in es th e  re m a in in g  tim e  w ith  a high 
accu racy .

W hen  assu m in g  t h a t  th e  h a lf  o f  th e  cycles h a s  b een  re a c h e d , th is  would 
m ean  10 to  12 • 10® y ears , i.e . 3.15 to  3.78 • 1017 sec. I f  th e  le n g th  o f  th e  E a r th ’s 
to ta l  cycle w ould  be ta k e n  as 20  b illion  y ea rs , w hich  m a y  b e  h a rd ly  longer, th e  
u p p e r lim it w ould  be  o n ly  6.3 • 1017 sec an d  th is  is less b y  an  o rd e r  o f  m agn itude  
th a n  th a t  o f  A .  C o n seq u en tly , th e  cu rve  C w ould  pass th ro u g h  В  in to  A  a t 
a b o u t 1017 sec.

A  cycle lo n g er th a n  1017 sec m ay  be h a rd ly  assigned  to  th e  f ie ld  o f  geology. 
I t  seem s to  be  p ro b ab le  t h a t  th e  E a r th ’s cycles, especia lly  th e  bio logical ones 
are earlie r com ple ted  th a n  th o se  o f  th e  un iverse . C o n seq u en tly , th e  assum ption  
seem s to  be accep tab le  t h a t  th e  u p p e r lim it o f  th e  cycles c h a ra c te r iz e d  by  b io­
log ical m o tion  a re  o f  m in o r values.

I n  th e  orig inal f ig u re  [10] th e  low er lim it shou ld  b e  below  th e  dim ension 
d e te rm in ed  b y  th e  p o in t 9 in d ic a tin g  th e  b a c te r ia l cycle (10 ~ 4 cm ) b u t  above 
th e  m in im um  o f B . A fu r th e r  ap p ro x im a tio n  is p ro m o ted  b y  th e  d a ta  o f H. 
Morow itz  w ho, as to  th e  co m m u n ica tio n  o f  B. G ulyás [5] d e te rm in ed  th e  
sm alle st d im ension  on  th e rm o d y n a m ic  bases in  10  ~ 5 cm  w h ich  a  liv in g  organism  
shou ld  possess in  fa v o u r to  be able fo r th e  m in im al b io log ical fu n c tio n s  being 
qualified  as “ life” . W h en  n o t th e  to ta l i ty  o f  th e se  b io log ica l func tions b u t  
on ly  som e e lem en ts o f  th e m  are  ta k e n  in to  acco u n t, th e  m in im u m  o f space 
d im ension  w ould  be sm alle r, as well.

A ccord ingly , y Cm is th e  m a tte r  o f sm alle st d im en sio n  w h ich  preserves 
its  s ta b ility  a t  th e  g iven  v e lo c ity  an d  is able to  m ove acco rd in g  to  th e  s trip  C.
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1 .2 4 . B ased on th e  c o n s id e ra tio n s  exp la ined  p re v io u s ly  th e  v a lid ity  
f ie ld s  o f  t h e  functions e x p re ss in g  th e  th ree  strip s  o f  m o tio n  c a n  he  summarized  
as fo llo w s :

Strip
Time dimension 

( = * )
Space dimension 

<= У)
min. max. min. max.

A 1 0 -2S 1 0 “ 1 0 - u 1028

В 1 0 ” 13 10” 1 0 ” 8 1 0 «

c 10* (10°) 1 0 ”  (1 0 “ ) 1 0 - « ( 1 0 - 7) 10“  (108)

1 .3 . The confidence in terva l o f  the functions, i.e . th e  m ax im a l d ev ia tio n  
f ro m  t h e  ax es  of strips w ith in  w h ic h  th e  given p h e n o m e n a  c a n  he assigned to  
th e  c o rre sp o n d in g  cycle s tr ip s ,  h a s  b een  in d ica ted  b y  E . Szá d ec zk y -K ardoss 
in  ^ 1  o r d e r  o f  m agnitude [11, 1 2 ] . I t  is m ore p ro b ab le , h o w ev er, t h a t  th is  v a lu e  
is d i f f e r e n t  fo r the  d iffe ren t s t r ip s .  T h is is also m e n tio n e d  b y  th e  a u th o r , i.e.

— th e  velocity  values o f  th e  s trip s  A  an d  В  a re  g iv en  as 105, resp . 10° 
k m /se c  w h ile  th a t  of s tr ip  C t h i s  is 1 0 ” 11 . . . 1 0 ” 13 k m /sec  (ro u g h ly  th e  m ean  
v a lu e  o f  th is  was tak en  in to  a c c o u n t  to  express th e  s tr ip  C as a  fu n c tio n );

— in  th e  figure o rig in a l t h e  w id th  o f each s tr ip  is show n  in  increasing  
m a n n e r  (acco rd ing  to  th e  f ig u re ,  th e  w id th  o f th e  s tr ip s  A , В  a n d  C w ould  co r­
r e s p o n d  to  0.75, 1.5 an d  3 o rd e r s  o f  m agnitude).

T h e  fig u re  fairly  re f le c ts  th e  re g u la rity  b a sed  o n  em piric  d a ta  th a t  th e  
s t r ic tn e s s  o f  belonging to  th e  g iv e n  s tr ip  decreases f ro m  A  to  C.

T h is  fa c t  is, how ever, s u p p o r te d  also b y  th e o re tic a l consid era tio n s.
T h e  velocity  d ifferences b e tw e e n  th e  s trip s  a re  a t t r ib u te d  b y  E . Szá­

d e c z k y - K ardoss ra th e r  p la u s ib ly  to  th e  fac t th a t  th e  d isp e rs ity  degree o f  th e  
m e d iu m  o f  m otion  increases f r o m  A  to  C, to  an  ev e r g row ing  e x te n t  [12]. T his 
m e a n s , h o w ev er, th a t  th e  m o tio n s  o f  s tr ip  A  to  be  e x p re ssed  b y  ph y sica l fo r­
m u la e  a n d  contro lled  b y  s t r i c t  c a u s a l  regu larities a re  s u b s ti tu te d  b y  th e  form s 
o f  m o t io n  in  w hich ra th e r  th e  s to c h a s t ic  regu la rities a p p e a r  o r  becom e p red o m ­
in a n t .

T h e  stoch astic  re g u la r it ie s , h ow ever, are  c h a ra c te r iz e d  b y  g re a te r  d ev i­
a t io n . T h e  s tr ip  com prised in  t h e  sam e confidence in te rv a l  w idens. To express 
th is  o n ly  th e  form ulation  b y  w o rd s  o f  th e  p lo tte d  re g u la r i ty  is needed , re sp . i t  
is to  b e  in te rp re te d . W ith o u t a n y  p a r tic u la r  o b jec tiv e  ev id en ce  th e  follow ing 
a p p r o a c h  is suggested:

T h e  w id th  of s trip  C is o r ig in a lly  tw o orders o f  m a g n itu d e  accord ing  to  
th e  v e lo c itie s  o f 10” 11 an d  10 ~ 13 k m /sec . W hen tw o f u r th e r  o rd e rs  o f  m ag n itu d e  
a re  a s s ig n e d  to  this and  th e  c h a ra c te r is t ic  ve locity  as 10  ” 12 km /sec in  th e  s tr ip  
C is a c c e p te d , the confidence  in te r v a l  conform  to  th e  o th e r  s tr ip s  w ill be ^ 2

A c ta  Geologica Academiae Scientiarum H ungaricae 2 3 ,1980



F U N C T IO N  R E L A T IO N S 95

orders o f  m a g n itu d e , i.e . th e  velocity  va lu es  w ill v a ry  betw een  1 0 -10  a n d  1 0 -14 
km /sec.

S tr ip  В  c an  be ch a rac te rized  b y  ^ 1  o rd e r  o f  m ag n itu d e , i.e . ta k in g  th e  
m ean  v a lu e  in  1 0 ° km /sec th e  m o tions o f  1 0 1— 1 0 _1 km /sec v e lo c ity  c a n  be 
assigned  to  th is  s tr ip .

I n  s tr ip  A  th o se  form s o f m o tio n  a re  fo u n d  th e  regu la rities o f  w h ic h  can 
be describ ed  b y  cau sa l re la tio n sh ip s . I n  th is  case  i t  w ould be e x p e c te d  t h a t  th e  
p o in ts  d e m o n s tra tin g  th e  m otions w ould  co in c id e  w ith  th e  line o f  th e  fu n c tio n  
A .  E v e n  i f  th e  s tr ip  o f  confidence in te rv a l is n o t  ta k e n  zero, w h ich  w o u ld  be 
p ro b a b ly  ex p ec ted  th eo re tica lly , i t  is t ru e  t h a t  th e  closeness o f  in d iv id u a l  d a ta  
to  th e  fu n c tio n  w ill be v e ry  h igh , m uch  h ig h e r  th a n  e ith e r in  th e  В -or in  th e  
C -strips. C o n seq u en tly , i t  is suggested  to  ta k e  th e  w id th  o f th e  s tr ip  be lo n g in g  
to  th e  fu n c tio n  A  to  be o f ^ 0 .5  o rd e r o f  m a g n itu d e  as th e  re sp e c tiv e  c o n fid ­
ence in te rv a l.

R eferrin g  th is  to  th e  v e lo c ity  o f 3.0 • 105 km /sec accep ted  to  th e  s tr ip  A  
th is  w ould  co rresp o n d  to  lim itin g  values o f  o f  9.5 • 104, resp . 9.5 • 10s km /sec.*

I f  one expresses th e  confidence in te rv a ls , belonging to  each  s tr ip s  and  
inc lu d in g  th e  sam e p e rcen tu a l cases (80 p e r  c e n t  a t  least) in  te rm s o f  ve loc ities 
c h a ra c te r is tic  o f  th e  s tr ip  th e  follow ing v a lu e s  a re  o b ta ined :

Strip Standard velocity 
cm/eec

Velocities belonging to the 
maximal permissible

Confidence
intervalnegative positive

deviation

A 3 ■ lO10 9.5 • 10° 9.5 • 1010 101
В 10» 10* 10« 10*
C 1 0 -” 10-** Ю - i o 10*

T he va lu es  re fle c t th e  em pirica l r e g u la r i ty  m entioned  ab o v e  t h a t  th e  
m ore th e  occu rrence  o f  form s o f  m o tio n  c h a ra c te r iz e d  b y  re g u la ritie s  ex p re s­
sible b y  s to c h a s tic  re la tio n s can  be e x p e c te d  in  th e  su b seq u en t s t r ip s ,  th e  
m ore w id er w ill be  zone o f th e  confidence  in te rv a l  concerning th e  sa m e  fre ­
qu en cy .

I t  is to  be em phasized , how ever, t h a t  th e se  lim its are b a sed  o n ly  on  a 
sm a ll n u m b e r  o f  concre te  d a ta  b u t  are in  h a rm o n y  b o th  w ith  th e  em p irica l 
fa c ts  a n d  w ith  th e  th e o re tic a l co n sid e ra tio n s. L a te r , in  possession o f  m o re  de 
fac to  d a ta  (and  p re se n t a u th o r  w ill c o n tr ib u te  to  th is  in  th e  field  o f  geology)**

* Concerning th is value greater th an  light velocity  see the paper by G. Má r fö ld i [14].
** B e n k ő , F .: Geological and Cosmogonic Cyclic Phenomenia Reflected by  th e  New 

U niversal Cyclicity R elation  (In  press)
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b o th  t h e  av e rag e  ve loc ities c h a ra c te ris tic  o f  th e  s t r ip  an d  th e  lim itin g  v a lu es  
a s s ig n e d  to  a  g iven  co n fid en ce  w ould  be m ore  e x a c t ly  determ ined .

1 .4 . T h e  new ly  d ev e lo p ed  strip D seem s to  b e  p rac tica lly  h o riz o n ta l in  
th e  d o u b le  lo g a rith m ic  sca le . A ccord ingly , i t s  v a lu e  is expressed

b g  J d =  log 1 0 -1 3

o r in  d e lo g a rith m ized  fo rm
y D =  1 0 - 1*

f u n c t io n  (i.e. b o th  y  a n d  log y  c an  be co n sid ered  c o n s ta n t) .
T h is  an d  th e  h o r iz o n ta l ru n  of th e  s t r ip ,  i .e .  t h a t  i t  is p a ra lle l w ith  th e  

X  a x is  su g g est t h a t  th e  b a s ic  cond itions o f  th e  u n iv e rs a l cyclic ity  re la tio n s , i.e . 
t h a t  in  case  o f  cyclic m o tio n  a  defin ite  space  p a ra m e te r  is accom pan ied  b y  a 
d e f in i te  tim e  p a ra m e te r  a n d  v ic a  versa , is n o t  v a lid  o f  th is  s trip .

T h u s , in  th is  g ra p h  th e  s tr ip  D  seem s to  re p re s e n t a non-cyclic  m o tio n , 
re sp . o n ly  th o se  p o in ts  m a y  b e  cyclic m o tio n s s im u ltan eo u sly  w hich  c ross th e  
cy c le  s t r ip s .  O n th e  basis  o f  th e  confidence in te rv a ls  o f  th e  strip s  o u tlin e d  ab o v e  
(see 1.2) th is  is a re a l v a lu e  on ly  in  th e  case  o f  s tr ip  A . C o n seq u en tly , th e  
s tr ip  D  req u ires  a n  in te rp re ta t io n  so m ew h at d iffe re n t from  th e  o th e rs .

2. Some Considerations Concerning the Universal Cyclicity Relation

T h e  th re e  i.e . e lec tro m ag n e tic , m ech an ica l as  w ell as chem ical a n d  b io ­
c h e m ic a l k in d s  o f  cycles o f  m a t te r  being fa ir ly  s e p a ra te d  in  th e  d ia g ra m  co r­
re s p o n d  to  th e  th re e  fu n d a m e n ta l form s o f  m o tio n . S trip  C re p re se n ts  (also) 
th e  h ig h e s t  o rg an iza tio n  fo rm s o f  m a tte r , a t  le a s t  to  our in e v ita b ly  a n th r o ­
p o c e n tr ic  concep t. S tr ip  В  rep re sen ts  th e  cosm o g o n ic  m a tte r , th e  m o tio n  o f  
w h ic h  c a n  be described  b y  th e  m echanical ax io m s o f N e w t o n . S trip  A  r e p ­
re s e n ts  th e  zone w here m a t te r  does n o t o ccu r in  th e  ev e ry d ay  sense o f  th e  
w o rd  b u t  reveals  i ts e lf  o n ly  in  form  of ra d ia t io n s .

2 .1 . F o r th e  sake  o f  s im p lic ity , th e  cyclic  m o tio n  is u sua lly  co n sid e red  to  
be  o f  c irc u la r  o rb it. T h is m a y  be  d is to rted  to  a  sm a lle r  or g rea te r e x te n t  [12] 
as i t  is  ex p ressed  b y  th e  g ra d e  o f d ivergency , a n d  m ay  becom e m ore  o r  less 
r e g u la r  e llip tic- o r c irc le -sh ap ed .

T h e  bio logical a n d  geological, and  in  g e n e ra l th e  m otion  cycles in  s tr ip  
C a re  o f  th e  p e c u lia rity  t h a t  th e se  m otions a re  n e v e r  rep ea ted  e x a c tly  in  th e  
sa m e  m a n n e r  as are  th e  p h y s ic a l or chem ical cyc les o f  th e  s trip s  A  an d  B ,  resp . 
C. T h is  is  especially  v a lid  in  case of th e  social m o tio n s .

R e p e tit io n  is s im ila r b u t  n o t th e  sam e o r id e n tic a l;  ce rta in  changes to o k  
also  p la c e . T his change g en e ra te s  th e  ev o lu tio n  c h a ra c te r is tic  o f th e  socia l, b io ­
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log ical, geological, e tc . cycles. T his in tro d u c e s  th e  h isto rica l v iew  in to  th e  re ­
sea rch  o f  cyclic  m o tio n s. H is to ry  an d  th e  ev o lu tio n  itse lf  in d ic a te  th e  irrev e r­
s ib ility  o f  th e  ch an g e .

In  ph y sics  on ly  th o se  m o tio n s a re  co n sid e red  to  be cyclic  w h ich  a re  re ­
p e a te d  e x a c tly  in  th e  sam e m an n e r. H o w ev er, th e  perio d ica lly  r e p e a te d  m o­
tio n s  ex p ressin g  u n id ire c tio n a l ev o lu tio n  (a n d  there fo re  irre v e rs ib le )  w ith in  
th e  s tr ip s  В  a n d  C sh o u ld  also he  co n sid e red  to  be cyclic.

To in v e s tig a te  i ts  reg u la ritie s  a n d  in  fa v o u r  o f its  n u m e ric a l expression  
i t  w ou ld  b e  m ore  e x p e d ie n t to  con sid er th e  logarithmic spiral in s te a d  o f  the  
circle. F u r th e r ,  d e m o n s tra tin g  th e  te m p o ra l ev o lu tion  th e  p la n a r  expression  
o u g h t to  be  su p p le m e n te d  w ith  a s p a tia l  co m p o n en t. I n  th is  w a y  th is  ty p e  of 
cyclic m o tio n  could  be  num erica lly  c h a ra c te r iz e d  b y  a fu n c tio n .

о

Fig. 2. The logarithm ic spiral, a =  in plane; b  =  in  space; О =  origo; r „  rt : rad ii; a =  angle
of tan g en t; ^1* P i --  points of the cycle of the  sam e position in case of one period  difference;

t  =  time axis
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T h is  w ould  be th e  m o d e l o f  th e  “ coiled lin e ”  [10], i.e . o f th e  sp ira l ev o lu ­
t io n  (F ig . 2 ). I ts  p la n a r  e q u a tio n  is:

w h ere
г =  ra d iu s  v ec to r o f  som e o p tio n a l p o in t o f  th e  lo g a rith m ic  sp ira l ( =  th e  

d is ta n c e  o f p o in t f ro m  th e  origo ta k in g  in to  acco u n t th e  d irec tio n ), 
a =  c o n s ta n t,
в =  ex p o n e n tia l (base o f  n a tu r a l  lo g a rith m  =  2.7182818), 
к —  c o t a , w here
a  =  th e  angle be tw een  th e  lo g arith m ic  sp ira l a n d  th e  half-line co n n ec tin g  

th e  origo w ith  an y  o f  i ts  p o in t (concern ing  th e  sam e sp ira l cu rve  i t  is 
c o n s ta n t) ,

cp =  th e  angle b e tw een  a n y  p o in t of th e  lo g a rith m ic  sp ira l d raw n  to  th e  
o rigo  and  th e  s ta r t in g  d irec tio n  (in re c ta n g le  co o rd in a te  sy stem : ж-ax is).

T h e  o n ly  questio n  is w h e th e r  th is  fu n c tio n  c a n  be  an d  how  tra n s fo rm e d  
in to  a  s p a t ia l  one, i.e. in tro d u c in g  th e  v ertica l in  a d d itio n  to  x  and  у  d im ensions 
a n d  d isp la c in g  v e rtic a lly  th e  origo , is i t  possib le  to  p u ll u p  th e  p ro v is io n a lly  
p la n a r  sp ira l in to  th e  space .

T h is  rem oves a t  th e  sam e  tim e  th e  d ifficu ltie s  o f  in te rp re ta tio n  o f  th e  
t im e  p e r io d  arising  fro m  th e  irrev e rs ib ility  o f b io log ica l an d  geological cycles.

T h e  eq u a tio n  o f  su ch  a  “ cone-like”  (i.e. sw irled  to  th e  envelop o f th e  cone) 
sp ira l is  as follows:

r =  { eat cos со, eat s in  cot, b eat ]•
w h ere
r =  d is ta n c e  o f th e  cone-like  sp ira l’s p o in t f ro m  a  f ix e d  p o in t o f th e  space  

(rad iu s  vec to r), 
e =  ex p o n en tia l, 
a , b =  c o n s ta n ts ,
со — a n g u la r  ve lo c ity  o f  th e  sp ira l m o tion  ( =  th e  angle ta k e n  d u rin g  1 sec 

b y  a n y  p o in t o f th e  sp ira l, p ro jec ted  to  x, у  p lane) 
t =  t im e , expressed  in  o p tio n a l tim e u n its  (w hen  e.g . th e  d u ra tio n  is th e  u n it  

d u r in g  w hich th e  p o in t  gets u p w ard  o r d o w n w a rd  by  one sp ira l, th e n  
t — 2л).

I n  case o f  cy lind ric  sp ira l  ( =  sp iral line)

r a cos t; a sin  t; -----1
2 л

w h ere
a =  ra d iu s  of th e  basic  c irc le  o f  cy linder,
h =  le ad  ( =  rise o f  a x ia l d irec tio n  co rresp o n d in g  to  one c ircu m v o lu tio n ).
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2.2 . T he d u ra tio n  o f  th e  biological cycle is a t  p resen t in te rp re te d  as fix ed  to  
th e  d u ra tio n  o f life [10]. I t  is to  he co n sid e red , how ever, w h e th e r th is  is  th e  real 
(c h a rac te ris tic )  tim e  p a ra m e te r  o f th e  cycle  o f  liv ing  beings. T h e  e n d  o f  life 
does n o t m ean  th e  b eg inn ing  o f  a new  cycle re fe rrin g  to  th e  g iv e n  in d iv id u a l.

I t  seem s th e o re tic a lly  m ore e x a c t to  d e fin e  th e  d u ra tio n  o f  th e  cycle by  
th e  tim e  needed  to  th e  bio logical “ re p ro d u c tio n ”  of th e  in d iv id u a l. T h is can 
be  m o st sim ply  expressed  b y  th e  tim e  in te rv a l  b e tw een  fe c u n d a tio n  a n d  sexual 
m a tu r i ty  o f  th e  n a scen t in d iv id u a l. (N . B .: S im ila r values are u sed  b y  O n d v á r i  
[7] in  s tu d y in g  th e  social m otions.) T h is is re a lly  a re ju v en a tio n  cy c le  a n d  con­
cerns th e  sam e in d iv id u a l. T he d ifference b e tw een  th e  resu lts  o b ta in e d  b y  th e  
tw o  defin itio n s is, o f course, w ith in  one o rd e r  o f  m agn itude , th u s  th e  p o sition  
o f  s tr ip  C w ill n o t be changed .

2.3. T he p o ssib ility  o f in v e s tig a tio n , re sp . ex ac t d e te rm in a tio n  o f  th e  
social and economic cycles w ould  be o f  e x tra o rd in a ry  sign ificance . I t  is ques­
tio n a b le , how ever, w h e th e r such  a cycle  c a n  be de te rm ined  fa ir ly  enough 
fo r be in g  accep ted  as a  sc ien tifica lly  co n v in c in g  a rgum ent. T h e  n u m b e r  of 
re p e titio n s  is sm all an d  th e se  do n o t ta k e  p lace  in  th e  sam e m an n e r. T h e  periods 
a re  r a th e r  long an d  th e  d ivergencies a re  also  h igh .

F u rth e rm o re , th e  social m o tio n  is c o n s titu te d  and in flu e n c e d  b y  n u m e r­
ous fac to rs . T he in d iv id u a l effects o f th e se  c a n n o t be de te rm in ed , n e i th e r  th e ir  
p a r tic ip a tio n  in  g en e ra tin g  th e  cycle, n o r  th e ir  in te rac tio n . T h u s, i t  is q u e s tio n ­
ab le  t h a t  a t  th e  beg in n in g  a t  le a s t th e  in v e s tig a tio n s  carried  o u t in  th is  m an n er 
w ould  be  conv incing  enough  o r n o t.

T h e  in v e s tig a tio n  is especially  a g g ra v a te d  b y  th e  fac t t h a t  th e  sp ace  and  
tim e  p a ra m e te rs  o f  th e  cycle h ig h ly  d e p e n d  on  th e  m easure o f  in d e p e n d e n c y  
o f  th e  p ro d u c tio n  process o f th e  n a tu ra l  cycles. E .g . in  ag ricu ltu re  cycles co rre ­
sp o n d in g  to  th e  seasonal changes could  b e  ex p ec ted . The m ore th e  te c h n iq u e s , 
a n d  f i r s t  o f  all physics e n te r  in to  th e  p ro d u c tio n  processes re n d e r in g  th em  
g ra d u a lly  in d e p e n d e n t o f  th e  cyc lic ity  o f  b io logical processes, th e  m o re  i t  can  
be  ex p ec ted  th a t  th e  cycle w ill be a c c e le ra te d  th ough  its  t im e  p a ra m e te r  
grow s sim u ltan eo u sly . In  th is  sense, h o w ev e r, i t  is w ith o u t d o u b t  t h a t  th e  
in v e s tig a tio n  o f cycles concern ing  th e  sam e  b ra n c h  of p ro d u c tio n  m a y  p rov ide  
a new  ap p ro ach  to  th e  e x a c t d e te rm in a tio n  o f  th e  in d u stria l, re sp . in  general 
th e  p ro d u c tio n  (econom ic) level o f d ev e lo p m en t.
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Ф У Н К Ц И О Н А Л Ь Н Ы Е  С В Я З И  Ц И К Л И Ч Н Ы Х  ЗА В И С И М О С Т Е Й  И П Е Р Е Д Е Л Ы
И Х  Д Е Й С Т В И Я

Ф. ВЕНКЕ 

Р е з ю м е

В работе о п р ед ел яю тся  ф ормы  и пределы д е й с тв и я  ф ункций, в ы р аж аю щ и х  с к о ­
р о стн ы е  у сло ви я  эл ек тр о м агн и тн ы х  (А), косм огонны х и л и  м ех ан и чески х  (В) и  х и м и ч ески х , 
б и о ло ги ч еск и х , а  т а к ж е  гео л о ги ч е ск и х  (С) д в и ж ен и й , р асп о л агаю щ и х ся  в  тр ех  п а р а л ­
л е л ь н ы х  полосах  ди аграм м ы  установлен ного  Э. С адецки-К ардош ш ом  уни вер сал ьн о й  з а ­
висим ости  цикличности . Ш и р и н ы  полос, соответствую щ ие ди апазон ам  надеж н ости  (и н тер ­
в а л а м  конфиденции) ф ун к ц и й , при ним аю тся з а  вел и чи н ы  п о р я д к о в  ± 1 /2 , ± 1  и  ± 2 ,  со о т­
ветствен но .

А втор  предполагает  односторонность взаи м о д ей ств и я  полос: движ ения больш ей  
с к о р о с т и  вл и яю т на д в и ж е н и я  м ен ьш ей  скорости, но н а о б о р о т  это видимо не п р о я в л я е т с я .

В  н ап равлени и  от п о л о с ы  А  к  полосе В ц и кл ы  д в и ж е н и й  повторяю тся все м ен ее и 
м ен ее  одинаково, но все  ж е  ан ал о ги ч н о . Поэтому д л я  бо л ее  наглядной  х а р ак т ер и с т и к и  
б и о ло ги ч еск и х  и гео л о ги ч еск и х  ц и кл о в  полосы С ав т о р  р еком енд ует  прим енять л о га р и ф ­
м и ч еск у ю  спираль. В м есто п род олж и тельн ости  ж и зн и  о с о б я  в  качестве объема б и о ло ги ­
ч еско го  ц и к л а  п р ед л агается  п р и н и м ать  время до во сп р о и звед ен и я  особя (д о сти ж ен и я  
им  в о зр а ст а  половой зр е л о сти ).

Т рудности  и зучен и я  общ ественны х и эк о н о м и ческ и х  ц и кл о в  обусловлены  главн ы м  
о бразом  тем , что коли чество  повторен ий  обычно н е в ел и к о , в  то врем я число ф акто р о в , 
в л и я ю щ и х  н а  ци кл  в ел и ко , и  взаим одействие эти х  ф а к то р о в , в  свою  очередь, н е  всегда  
я с н о .
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SOME THEORETICAL AND PRACTICAL 
CONSIDERATIONS CONNECTED WITH THE  

CYCLICITY RELATIONS

B y

F .  B e n k ő

DEPARTMENT OF GEOLOGY, EÖTVÖS LOR ÄND UNIVERSITY, BUDAPEST

The theoretical significance of th e  universal cyclicity relation  is m anifested  by 
the facts th a t
— a quan tita tive ly  expressible regular relationship is determ ined betw een th e  space 
and  tim e dimensions of cyclic m otions;
— based on th e  aforem entioned fac t i t  provides th e  possibility to  th e  m ost com prehen­
sive classification of na tu ra l phenom ena;
— it has established a relation  betw een th e  inorganic and organic w orld and  th e  n a tu ra l 
and social-economic phenom ena, th u s i t  is able to  establish new  relationships;
— it  indicates th e  predom inating  character of th e  m ain  motion type  of m a tte r : th e  forms 
of m otion being assigned to  th e  in ter-s trip  velocity ranges are rare and  usually  these are 
only transitional;
— consequently, i t  supports th e  possibility of conversion of q u a n tity  in to  q u a lity  and 
th e  fixation of th is conversion to  lim it values;
— it  indicates th e  m ain phases and  forms of the arrangem ent and  evolution  o f th e  m atte r 
and  m otion, respectively.

The practical significance of the cycle rela tion  is reflected by  th e  facts th a t
— b y  means of th e  space-tim e relationship i t  prom otes the consciousness o f research  if 
only one dim ension of th e  cycle is know n;
— in case of m otion betw een th e  strips i t  refers to  th e  transitional ch a rac te r o f m otion;
— it  prom otes th e  developm ent of prognostics re la ted  to  the n a tu ra l resources;
— w ithin certain  lim its i t  provides th e  possibility to  the hum an influence of certain 
cyclic phenom ena;
— i t  promotes th e  elucidation of economic and  risk  problems connected  to  th e  corre­
sponding phenom ena.

Reference is m ade to  th e  determ inative role of geonomy in th e  d iscovery o f the 
universal cyclicity re la tion  as well as to  th e  tasks w hich can be forecasted in  connection 
w ith  the cycle relation.

T hough  th e  c o n s tru c tio n  o f  th e  com prehensive  d iag ram s o f  th e  open ing  
le c tu re  [10] is b ased  on  a  re la tiv e ly  sm all n u m b e r o f d a ta ,  th e  re g u la r i ty  is 
so conspicuous an d  h ig h -g rad e  a n d  is in  h a rm o n y  w ith  th e  s ta te m e n ts  of 
d iffe re n t b ranches o f  science. A ccord ing ly , th e  fo rw ard ed  o rd e r in g  p rin c ip le  
a n d  th e re fo re  th e  m o st im p o r ta n t  conclusions can  he co n sid e red  to  be  of 
g en era l v a lid ity .

T h is concept gives th e  m o st com ple te  com prehension  o f  n a tu r a l  cyclic 
p h en o m en a  know n so fa r . W hen  one accep ts th e  fu n d a m e n ta l s ta te m e n t ,
i.e . t h a t  cyclic ity  is a  fu n d a m e n ta l p e c u la r ity  o f  n a tu ra l  p h e n o m e n a , in  o th e r  
w ords th a t  cyclic ity  is th e  m o st com m on n a tu ra l  re la tio n , i t  w o u ld  be  ju s t if ie d
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to  s t a t e  t h a t  an  overa ll s y s te m a tiz a tio n  p o ssib ility  o f  a ll th e  n a tu ra l  p h e n o m ­
e n a  k n o w n  up to  now  is p re s e n te d .

T h is  bears g rea t im p o r ta n c e  b o th  from  th e  th e o re tic a l and  from  th e  
p r a c t ic a l  po in ts of view .

1. T heoretical S ig n ifican ce  o f th e  U n iversa l Cyclicity R ela tion

1 .1 . T he g rea tes t th e o re t ic a l  significance o f  th e  u n iv e rsa l re la tio n  o f  cycli­
c i ty  is  i t s  existence itse lf , i.e . t h a t  between the space and time parameters o f  con­
t i n u  o u s , cyclic m otions o f  o rg a n ic  an d  ino rgan ic  m a t te r  a reg u la r  re la tio n sh ip  
c a n  b e  de te rm in ed  w h ich  c a n  h e  expressed quantitatively, to o . T h is p rov ides 
a  p o s s ib i l i ty  of th e  u n ifo rm  q u a n ti ta t iv e  v iew  o f  n a tu r a l  p h en o m en a  [10 , 11 ]. 
C o n c e rn in g  th e  w hole u n iv e rs e , resp . its  p a r t  w h ich  is  kn o w n  b y  us i t  deals 
w ith  th e  e lec tro m ag n etic , m ech an ica l, ch em ical, b io log ica l an d  geological 
c y c le s  w ith  a un iform  c o n c e p t. M oreover, i t  re n d e rs  possib le  to  in v e s tig a te  th e  
so c ia l a n d  economic p h e n o m e n a  on a scale co m p a ra b le  w ith  th e  n a tu ra l  ones.

T h e  cycle re la tio n s p ro m o te  to  enclose p h y sic s , ch e m is try , e a r th  sciences 
a n d  b io lo g y  in  a h ig h e r-g ra d e  u n i t  and  allow  th e  m u tu a l  co m p u ta tio n s  o f  th e ir  
r e la t io n s .  As a un ifo rm  sy s te m a tiz a t io n  p rin c ip le , th e y  p ro v id e  a q u a n ti ta t iv e  
b a s is  to  system atize  th e  sc ien ces and  to  in v e s tig a te  th e ir  ev o lu tio n  tre n d s  
[10, 11, 12].

T h e  biological a n d  g eo log ica l as well as p r in c ip a lly  th e  social law s are 
b e y o n d  d o u b t of s to c h a s tic  c h a ra c te r . W hen  in v e s tig a tin g , how ever, e ith e r  th e  
c h e m ic a l or the  ph y sica l m o tio n s  are s tu d ied  in  th e  tim e-ran g es assigned  to  
t h e i r  sp ace  p a ram e te rs  th e s e  also  tu rn  ou t to  b e  s to c h a s tic  reg u la ritie s  as i t  is 
e v id e n c e d  ever s tr in g e n tly  b y  m odern  physics a n d  c h e m is try . In  th is  m an n er 
th e  cyc les of a p p a re n tly  m o s t  d ifferen t d im en sio n s becom e com m ensurab le . 
T h is  is  th e  o ther g rea t ep is tem o lo g ica l im p o rta n c e  o f  th e  u n iv e rsa l re la tio n  of 
c y c l ic i ty  in  th e  n a tu ra l ,  m o re o v e r  p ro b ab ly  also  in  th e  social sciences.

C onsequen tly , th e  re c o g n itio n  o f th e  u n iv e rsa l re la t io n  o f  cy c lic ity  ensures 
t h a t  in v estig a tio n s do n o t  s to p  necessarily  a t  th e  n a tu r a l  p h en o m en a  b u t  m ay  
in c lu d e  th e  social an d  eco n o m ic  m otions o f m a n k in d  c re a tin g  a re la tio n  o f  th e  
w id e s t  sense betw een  th e  o rg a n ic  and  in o rg an ic  w o rld , b e tw een  p h en o m en a  
a n d  th e i r  h isto ry , as w ell as b e tw e e n  th e  n a tu ra l-s c ie n tif ic  an d  social-econom ic 
p h e n o m e n a . In  th is  w a y  re s e a rc h  becom es an  a c t iv i ty  o f u n iv e rsa l c h a ra c te r .

T h e  analysis o f  re la t io n s  fro m  th is  p o in t o f  v iew  m a y  p ro d u ce  new  s ta te ­
m e n ts  a n d  b y  m eans o f  t h e i r  syn thesis  — e x p re ssed  m o st com m only  b y  th e  
u n iv e r s a l  re la tio n  o f c y c lic ity  — i t  is o f fru itfu l in flu e n c e  also in  each p a r tic u la r  
sc ie n c e , opens new  v is ta s , a n d  m ay  in itia te  new  re se a rc h  tren d s  in  d iffe ren t 
sc ie n c e s , resp. science b ra n c h e s .
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1.2. T he u n iv e rsa l re la tio n  o f c y c lic ity  c o n tr ib u te s  to  th e  en rich m en t 
o f  natural phylosophy  a n d  ep istem ology  c o rro b o ra tin g  th e ir  fu n d a m e n ta l s ta te ­
m en ts  from  a new  v iew p o in t.

B ased  on  th e  re g u la r  re la tio n sh ip , p lo t te d  in  double  lo g a rith m ic  scale 
th e  cyclic m o tions o f  m a t te r  are  a rran g ed  in  th re e  p a ra lle l s tr ip s  o f  45° rise. 
T h e  s trip s  re p re se n t th e  e lec tro m ag n etic , th e  m echan ica l c h a ra c te riz e d  b y  th e  
N ew to n ian  ax iom s a n d  th e  chem ical-b iochem ical-b io log ical fo rm s o f  m otion ,
i.e. th e  fu n d a m e n ta l m o tio n  form s o f m a t te r .

T he th re e  s tr ip s  can  be in te rp re te d  as th re e  ve lo c ity  f ie ld s , to o . I n  th is  
case th e  s tr ip s  A , В  a n d  C rep re sen t th e  m o tio n s  o f  av erag e  v e lo c ity  o f  10s, 
10°, resp . 1 0 _12k m /s. As i t  is in d ica ted  b y  th e  em p irica lly  p lo tte d  d a ta  grouped  
a long  th e se  th re e  s tr ip s , m o st o f th e  m a te r ia l  fo rm s o f m o tio n  k n o w n  so fa r 
are  ch a ra c te riz e d  b y  th ese  th ree  v e lo c itie s , resp . v e lo c ity  ran g es . This 
fa c t, how ever, re su lts  in  sign ifican t conclusions in  th e  f ie ld  o f  n a tu ra l 
ph ilo sophy .

T he on ly  q u e s tio n  is th a t  w h e th e r o n ly  th e se  th re e  v e lo c ity  k in d s o f m o­
tio n  o f  m a tte r  e x is t, as s tab le  m otions a t  le a s t .  T h e  fa c t t h a t  d a ta  are  grouped  
a ro u n d  th e  v e lo c ity  ran g es c h a ra c te ris tic  o f  th e  th re e  k inds o f  m o tio n  seem s to  
su p p o rt th is  a s su m p tio n . T his does n o t  ex c lu d e , how ever, th e  p o ss ib ility  of 
ex istence  o f  cyclic  m o tio n s o f o th e r  ve lo c ities  (see la te r) .

1.21. T he c irc u m sta n c e  th a t  a su d d e n  decreases occur a t  fu n c tio n -lik e ly  
d e te rm in ab le  lim it  v a lu es  (strips B, re sp . C) ex p la in s also th e  f a c t  t h a t  between 
the individual strips no transitional cycle fo rm s are known so fa r ,  re sp . th ese  are 
less freq u en t. F u r th e r ,  th is  p rovides an  e x p la n a tio n  th e  fa c t t h a t  th e  a s to n ish ­
in g  b u t  conspicuous co n cen tra tio n  o f d is tr ib u tio n  can  be o b se rv ed  a long  these 
th re e  s trip s  an d  t h a t  th e  in d iv id u a l s tr ip s  a re  se p a ra te d  fro m  each  o th e r  b y  
fie ld  ch a rac te rized  b y  no  o r v e ry  few  d a ta .  T h e  zones b e tw een  th e  th re e  s trip s  
are  th e  tra n s it io n a l zones th ro u g h  w hich  m a t te r  chang ing  i ts  fo rm  o f m otion  
passes su d d en ly ; a n d  i f  th e re  is a m o tion , i t  is ra p id  an d  tra n s it io n a l, m oreover 
n o t cyclic, b u t  u n id ire c tio n a l. E .g . b ased  o n  th e  d a ta  o f Gy . P a á l  [9] th e  p la n ­
e ts  get in to  th e  s tr ip  A  from  th e  s tr ip  В  su b p a ra lle lly  w ith  th e  у -ax is during  
th e ir  collapse.

A ccord ing ly , th e  m otions being  a lre a d y  o r s till n o t cyclic m a y  b e  assigned 
to  th e  fie lds b e tw een  th e  s trip s.

I f  th e re  is a  re la tio n sh ip  b e tw een  th e  s tr ip s , an d  c e rta in ly  th e re  is a  cyc­
lic  fo rm  o f m o tio n  ch a rac te rized  b y  v e lo c ity  ran g es  falling  b e tw e e n  th e  s trip s , 
w ould  be ex p ec ted . I f  i t  does n o t ex is t o r  a p p e a rs  b u t  e x c e p tio n a lly  o r episodi­
ca lly , th is  is d u e  to  th e  fac ts  th a t  e ith e r  i t  is re a lly  ab sen t, or i t  is so tra n s itio n a l 
t h a t  c an n o t be  p ra c tic a lly  observed . C o n seq u en tly , th e  cyclic  a n d , there fo re , 
s ta b le  m otions a re  c o n c e n tra ted  in  th e  s tr ip s , an d  th e  tra n s it io n a l, resp . acyclic 
m otions fa ll in  th e  fie ld s  be tw een  th e  s tr ip s . Som e of th e  com plex  cycles can  be 
assum ed  to  fa ll also in  th e  fields be tw een  th e  s tr ip s .
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A cco rd in g  to  Gy . Paal [9], th e  “ b lack  ho les”  lie  above th e  А -s tr ip , i.e . 
in  th e  v e lo c ity  range g re a te r  t h a n  3 • 1010 cm /sec. B e y o n d  th e  C -strip , h o w ev er, 
no  f u r th e r  co n cen tra tio n  zone c a n  be  p ro b a b ly  e x p e c te d . W hen  e x tra p o la tin g  
th e  d iffe ren ces  of ve lo c ity  b e tw e e n  th e  s trip s , i.e . 5 , re sp . 12 o rders o f m a g n itu d e , 
th e  n e w  s tr ip  ough t to  fo llow  b y  a  d is tan ce  o f  17 o rd e rs  o f  m ag n itu d e  a t  le a s t. 
T h is  w o u ld  m ean, how ever, a  v e lo c ity  o f 10~24 cm /sec. A ccep ting  th e  m a x im a l 
sp a c e  a n d  tim e  dim ensions d e te rm in e d  to  th e  А -s tr ip , o v e r th e  C -strip  a p a ra lle l 
s t r ig h t  l in e  w ould fall o u t o f  th e  re a lly  rep re sen tab le  ra n g e .

1 .22 . In v es tig a tin g  th e  s t r i p s ^ ,  B a n d  C ,i t  c a n  b e  s ta te d  th a t  in  th e  ra n g e  
w h e re  r e a l  ж-values are a ss ig n ed  to  each  s tr ip , a n  e v e r grow ing tim e  p a ra m e te r  
(ж-v a lu e )  is assigned to  th e  sa m e  space  p a ra m e te r  (у -value) w hen  m ov ing  fro m  
A  to  C. E .g . in  case o f y  =  1 (i.e . =  10°), th e  co rresp o n d in g  ж-va lu es  a re  as 
fo llow s : XA =  10 _1°, x B =  1 0 ~ 5 a n d  xc  =  107 sec. I n  re v e rse  te rm s: th e  v e lo c­
i ty  o f  th e  cyclic m otion  a ss ig n ed  to  th e  sam e space  p a ra m e te r  ra p id ly  b u t  n o t 
u n ifo rm ly  decreases from  A  th ro u g h  В  dow n to  C. T h is  decrase show s d iffe r­
ences in  o rd e rs  of m ag n itu d e  o f  5, re sp . 12. In  o th e r  w o rd s: th e  energy  o f  m o tio n  
o f  m a t t e r  ch arac terized  b y  th e  sam e o r g iven  sp ace  p a ra m e te r  is h ig h e s t in  
s tr ip  A  a n d  decreases to w a rd s  s t r ip  C.

F o rc e s  are g en era ted  b y  th e  co n su m p tio n  o f  th e  k in e tic  energy  o f  m a t te r .  
G ra v i ta t io n , chem ical en e rg y , e tc . consum e th e  m o tio n  to  an  increasing  e x te n t  
u s in g  th e  k in e tic  energy re p re s e n te d  b y  velocity  to  th e ir  fo rm a tio n . A ccord ing ly , 
s tr ip  A  c a n  be considered  to  b e  a  basic  energy  level. A  p a r t  o f th is  basic  en e rg y  
is c o n su m e d  b y  g ra v ita tio n , re s p . chem ical en e rg y  in  fa v o u r to  p ro d u ce  new  
fo rces.

T h is  s ta te m e n t does n o t  c o n tra d ic t  th e  e x p la n a tio n  w hich  a t tr ib u te s  th e  
v e lo c ity  d ifferences w ith in  e a c h  s tr ip s  to  changes o f  th e  degree o f  d isp e rs ity  in  
th e  m e d iu m  o f m otion  [12 ].

T h e  tra n s itio n  in to  a n o th e r  q u a lity  o f  fo rm  o f m o tio n  c h a ra c te riz e d  
b y  a n ew  ty p e  of force is p o ss ib le  o n ly  b y  reach in g  c e r ta in  th re sh o ld  v a lu es . 
T h e  co n sid e rab le  orders o f  m a g n itu d e  o f lim its  in d ic a te  t h a t  as i t  c an  b e  d e ­
d u c e d  a lso  from  th e  u n iv e rsa l cyc lic ity  re la tio n  considerab le  quantitative 
changes sh o u ld  be follow ed in  o rd e r  to  g enera te  qualitative changes, i.e. th e  new  
m a te r ia l  fo rm  of m otion.

1 .23 . A ccording to  th e  M a rx is t ph ilosophy  th e  matter is the motion itself. 
S ince  th e  velocity  o f m o tio n  is  g re a te s t along s tr ip  A ,  i.e . 3 • 1010 cm /sec, i t  
w o u ld  b e  a  p lausible co n c lu sio n  t h a t  th e  rea l, m o st u n lim ite d  form s o f  ex is­
te n c e  a n d  m o tion  are re p re se n te d  b y  th e  cycles d e te rm in e d  b y  th e  s tr ip  A .  T h e  
m a t te r  o f  given dim ensions is a b le  to  m ove w ith  th e  g re a te s t  v e lo c ity  in  th is  
s tr ip . C onsequen tly , th e  m o tio n  w hich  is th e  m o st p e c u lia r  o f m a tte r  is e x p re s ­
sed  m o s t  p ro p e rty  s ig n if ic a n tly  b y  th e  s trip  A .  T h e  re p re se n ta tiv e  o f s tr ip  A  is 
th e  m a t te r ,  th e  in e rt m ass o f  w h ich  equals zero [2 ].
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T his b ears , how ever, th e  consequence t h a t  b eyond  th e  s tr ip  C th e o re tic ­
a lly  fu r th e r  s tr ip s  m ig h t ex is t till  th e  m a t te r  w ould  lose all its  k in e tic  energy . 
T h is is , how ever, o n ly  a th eo re tica l p o ss ib ility  since  th e  no n -m o v in g  m a t te r  can  
n o t be  called  as m a tte r .

T h e  sam e co n sid e ra tio n  enforces us to  q u es tio n  th e  cyclic n a tu re  o f  m o­
tio n  rep re se n te d  b y  th e  n uc lear forces in  s tr ip  D , on th e  basis o f  th e  p re se n t 
d iag ram . T a lk in g  in to  acco u n t e ith e r  th e  fu n c tio n  or th e  g rap h ic  fo rm  o f  s tr ip  
D , velocities are  assigned  to  th is  s tr ip  w h ich  forces us to  m ake som e co n sid e ra ­
tio n s.

O n th e  basis o f  th e  d iag ram  one o f  th e  l im it  velocities o f  th e  s tr ip  is a b o u t 
109 cm /s co rresp o n d in g  to  th e  tim e  p a ra m e te r  o f  10—23sec. T h e  o th e r  ex trem e  
v a lu e  o f  th e  s tr ip  is a b o u t 1018 sec (i.e. a b o u t 1010-11 years) w h ich  p ro d u ces a 
v e lo c ity  o f a b o u t 1 0 -31  cm /sec, i.e . a v e lo c ity  d en o tin g  cyclic m o tio n  o f  1 cm  
d u rin g  a b o u t Ю23-24 y ea rs . In  th is  case th e  m a te r ia l  m ay  ta k e  th e  m o tio n  cor­
resp o n d in g  to  its  ow n space p a ra m e te r  d u rin g  a b o u t 1011 y e a rs , i.e . d u rin g  a 
tim e  in te rv a l w hich  has been  accep ted  as th e  com plete  cycle o f  th e  u n iv erse , 
resp . as th e  u p p e r te m p o ra l v a lu e  o f  th e  s tr ip  A .  T ho u g h  c e rta in ly  n o t  fro m  th e  
ph ilo soph ical b u t  yes from  th e  h u m a n  v ie w p o in t th is  can  be re g a rd e d  to  b e  in  
tra n q u ill i ty , resp . in  q u a s i- tra n q u illity , in  o th e r  w ords its  v e ry  m a te r ia l  n a ­
tu re  could  be qu estio n ed .

1.24. T h e  a ssu m p tio n  th a t  th e  th re e  c u rv e s  s ta r t  n o t from  th e  sam e p o in t 
supposes th e  d iffe ren t form s o f  m o tio n  to  b e  a  process o f h is to rica l (tem p o ra l) 
c h a ra c te r . I t  is th u s  assum ed  th a t  m a t te r  g e ts  in to  th e  m ech an ica l s ta te  from  
th e  e lec tro m ag n etic  one a f te r  h av in g  re a c h e d  c e r ta in  lim it va lu es  o f  o rd e rs  o f 
m a g n itu d e ; s im ila r e v en t w ould be th e  t r a n s i t io n  in to  th e  chem ical-b iochem i­
cal s ta te .

T h is concep t o f  tra n s itio n s  re flec ts  also th e  cosm ic evo lu tio n  g rad es o f  th e  
m a te r ia l an d  g loba lly  co rresponds to  th e  geological, resp . cosm ogonic g rades 
developed  on  th e  evolution o f  the universe, i.e . th e  m echanical forces develop  
from  th e  e lec tro m ag n etic  m o tio n  an d  th e se  g e n e ra te  th e  chem ical-b iochem ical 
forces.

T h e  sam e s ta te m e n t is va lid  o f  th e  u p p e r  sec tion  of th e  c u rv e s : A t th e  
en d  o f  th e  processes, th e  sam e change is re p e a te d  b u t  in  opposite  d ire c tio n  an d  
in  s tro n g ly  acce lera ted  m an n er, as th e  n a tu ra l  cycles are ch a ra c te riz e d  b y  th e  
acce lera tio n  o f  th e  te rm in a tin g  phases. A cco rd ing ly , th e  ev o lu tio n  p a th  o f  all 
tra n s it io n s  o f  th e  form s o f  m o tio n  show s th e  fo llow ing  tre n d : e lec tro m ag n e tic  —*■ 
m echan ica l —► chem ical-b iochem ical —► m ech an ica l —► elec tro m ag n etic .

(The s ta te m e n t, i.e . th e  u p p e r co m p le tin g  p h ase  of th e  cu rv es  is ra p id  is 
t ru e  on ly  in  a  re la tiv e  sense. H ere  th e  tim e  d ifference is one o r a t  le a s t  tw o  
o rders o f  m ag n itu d e  as ag a in st th e  low er sec tio n  o f  th e  curves w h ere  th is  m a y  
a t ta in  3 to  8 o rders o f  m ag n itu d e . T h is, h o w ev er, concerns th e  ra n g e  b e tw een  
1016 1017 sec, i.e . i t  rep resen ts  9 • 1016 sec, o r 3 • 109 years. T h e  ch an g e  is
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ra p id  h e re  w h e n  co m p arin g  o n ly  w ith  th e  size; a t  th e  o p p o site  ends o f th e  cu rv es  
th e se  o rd e rs  o f  m ag n itu d e  o f  th e  d is tan ce  w o u ld  co rresp o n d  to  a sp lit  o f  sec­
onds. T h e re , how ever, th e  space  p a ra m e te r  is v e ry  sm all, too.)

I n  th e  d iag ram  th e  tra n s i t io n  b e tw een  th e  s tr ip s  w ould be th e o re tic a lly  
possib le  p a ra lle l  w ith  b o th  axes an d  in  b o th  d irec tio n s . B ased  on  log ica l co n ­
s id e ra tio n s , h ow ever, i t  seem s to  be p ro b ab le  t h a t  t ra n s i t io n  is possib le o n ly  in  
th e  lo w er a n d  u p p e r  sec tions o f  th e  s trip s . T h e  o rg an iza tio n , resp . d e g ra d a tio n  
o f m o v in g  m a t te r  o f in te rm e d ia te  p o sitio n  ta k e  p lace  u p  to  these  p o in ts  w ith in  
th e  s tr ip s .

1 .3 . F o r  th e  earth -sc ien ces i t  is o f g re a t im p o rta n c e  (and  th is  is o u r 
p ro p e r  p r id e )  since the recognition o f the universal cyclicity relation started 
from  th e  f ie ld  o f  geology, o r r a th e r  from  that o f  geonomy. This is b y  no  m ean s 
a c c id e n ta l:  geonom y is th e  o n ly  science w hich  ju s t  d u e  to  its  top ics is en fo rced  
to  d ea l w ith  th e  form s an d  ty p e s  o f m o tio n  o f  m o st d iffe ren t k inds a n d  o rd e rs  
o f  m a g n itu d e . A nd  w hen  a science, such  as g eonom y can  reach  th e  s ta te  to  
d e te rm in e  re g u la ritie s  an d  b ey o n d  q u a lita tiv e  s ta te m e n ts  i t  can  q u a n tify  th e m  
it  w ill in e v ita b ly  d iscover th e  u n iv e rsa l re la tio n sh ip s  o f phenom ena.

T h is  reco g n itio n  in sp ires  th e  re sea rch ers  o f  sm a ll coun tries: th e  reco g n i­
tio n  o f  u n iv e rs a l reg u la ritie s  does n o t need  th e  ex p en siv e  in s tru m e n ts , to o ls  an d  
p ro c e d u re s  w h ich  are allow ed no w ad ay s to  th e  r ic h  co u n trie s  only . I t  is en ough  
to  h a v e  th e  “ h ig h ly  e d u c a te d  h u m a n  m in d ”  th e  p ro d u c tio n  o f w hich  is m ore  
tro u b le so m e  th a n  th a t  o f  th e  m o st co m p lica ted  device.

2. P rac tica l S ignificance o f th e  U n iv e rsa l Cyclicity R e la tio n

T h e  u n iv e rsa l cy c lic ity  re la tio n  is o f  g re a t im p o rtan ce  also fro m  th e  
p ra c tic a l  p o in t  o f  view . I t  c o n tr ib u te s  co n sid e rab ly  to  th e  th eo re tica l-sc ien tific  
in v e s t ig a tio n  o f cyclic  p h en o m en a  and  to  th e  sc ien tific  fo recastin g  b ased  
on th e m .

2 .1 . I t  is a com m on case in  scientific research t h a t  e.g. due to  a n y  reaso n s 
on ly  o n e  e lem en t o f  a  re la tio n sh ip  could  be  d e te c te d , resp . fixed . I f  i ts  d im en ­
sions d e te rm in e  th e  ran g e  w here  th e  o th e r e le m e n t o f  th e  re la tio n sh ip  sh o u ld  
be f in d , th is  c an  d ire c t th e  re sea rch  c o n v en ien tly  a lo t  o f o therw ise u n a v o id ­
ab le  a n d  u n p ro d u c tiv e  in v e s tig a tio n s  cou ld  be  o m itte d .

F o r  in s ta n c e , th e  in co m p le ten ess  o f  te r re s tr ia l  sed im en ta tio n  cycles is 
o fte n  o n ly  a p p a re n t since o n ly  th e  p re se rv ed  p a r ts  c a n  be e v a lu a ted . D u e  to  
geo log ica l reaso n s, i.e . to  th e o re tic a lly  ra n d o m  effec ts , m ore or less o f  th e m  
m a y  b e  m issing . I n  possession  o f  th e  cycle re g u la ritie s  th e  lack ing  p a r t  c a n  be 
re lia b ly  re c o n s tru c te d .

T h e  in freq u en cy  o f th e  com plete ly  sy m m e tr ic  geological cycles follow s 
fro m  th e  lo g a rith m ic  sy s te m  o f cycles. T h e  in it ia l  o r f in a l phases o f  geological
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processes are o fte n  ch a ra c te riz e d  e ith e r  b y  enorm ous en e rg ies  cau sin g  rap id  
changes or b y  th e  slow  change cau sed  b y  th e  low  energy  lev e l. H ow ever, when 
th e  values w ould  be p lo tte d  in  lo g a rith m ic  scale, in  se v e ra l cases a  m ore or 
less reg u la rity , re sp . m ore  sy m m etric  a rra n g e m en t could  b e  o b se rv ed . In  the  
case o f fossil se d im e n ta ry  cycles n o t th e  cycles th em se lv es  b u t  on ly  the ir 
p ro d u c ts  are  o b serv ab le  and  th e y  are  p ra c tic a lly  alw ays in c o m p le te  [1, 13]. 
C onsequen tly , th e  geological se d im e n ta ry  cycles are o f te n  o n ly  ap p aren tly  
in co m p le te  since th e se  can  be  ju d g e d  o n ly  or th e ir  re m n a n ts . N ow , due  to  geo­
log ical reasons, i.e . to  th e o re tic a lly  ra n d o m  effects (see: a c c u m u la tio n  and  ero­
sion) sm alle r-g rea te r p a r ts  o f  th e m  m a y  be  ab sen t. I n  p o ssess io n  o f  th e  cycle 
reg u la ritie s , how ever, th e  lack in g  p a r t  c an  be re c o n s tru c te d  a t  a  h ig h  level of 
p ro b a b ility .

C ertain  cosm ogonic effects p rev a il n o t  on ly  in  th e  E a r th  b u t  also in  o ther 
p la n e ts , in  th e  in te rn a l p lan e ts  a t  le a s t. T hese can n o t b e  d e te c te d  a fte r all 
since th e y  c a n n o t be observed . O n th e  basis  o f  th e  te r re s tr ia l  cycles o f cosmic 
o rig in  i t  can  be p re d ic te d  in  w hich  space an d  tim e  ran g e  th e  cosm ic  cycles of 
o th e r  p lan e ts  can  be  ex p ec ted . T hese (m ay) considerab ly  c o n tr ib u te  to  the  
p u rposefu l co n tro l o f  th e  ex p lo ra tio n  o f  th e  so lar sy stem .

2.2. As i t  h as  b een  em phasized  b y  E . S z á d e c z k y - K a r d o s s  [10] th e  in ­
v estig a tio n s  o f cy c lic ity  can  w ell ap p lied  in  the long-term prognostics. B ased on 
th e  e x tra p o la tio n  o f  d a ta  o f  th e  la s t decades th e  recen t lo n g - te rm  forecasts 
ta k e  in to  acco u n t th e  m ono to n o u s tre n d s  in s te a d  of th e  m o re  p ro b a b le  spirally  
cyclic developm en t. O n th e  basis o f  th e  d e te rm in ed  cycles o f  w a te r  ta b le  flu c tu a ­
tio n , th e re  is a p o ss ib ility  to  m ake lo n g -te rm  m eteoro log ica l fo re c a s t, fu rth er 
th e  ap p lica tio n  in  agrogeology, w a te r  supplies m a n a g e m e n t, f lo o d  control, 
eng ineering  geology an d  h y d ro c a rb o n  p rospection  m a y  also  be  taken  
in to  account.

Cyclicity, h ow ever, m ay  p la y  an  im p o r ta n t role in  th e  fo recas tin g  no t 
o n ly  o f  n a tu ra l b u t  also o f  social p rocesses, e.g. o f  p red ic tin g  econom ic  p rosperity . 
T h e  s ta tis tic  co rre la tio n  o f  th e  a n n u a l ag ricu ltu ra l p ro d u c tio n  o f  a rea l units 
w ith  hydro logical, resp . m eteoro log ica l cycles m ay  im p ro v e  n o t  o n ly  th e  p re ­
d ic tio n  o f ag ricu ltu ra l p ro d u c tio n  b u t  also th e  p ro tec tio n  a g a in s t  th e  processes 
end an g erin g  th e  p ro d u c tio n  its e lf  [10].

2.3. I t  is p ro b a b ly  n o t  an  e x ag g e ra tio n  a ttr ib u te  fu r th e r  potentia l practical 
sign ificance to  th e  u n iv e rsa l cy c lic ity  re la tio n . I f  th e re  is a  p o ss ib ility  to  be 
a c q u a in ted  w ith  th e  m o st im p o r ta n t tim e-sp ace  p a ra m e te rs  o f  th e  cycle, this 
in e v ita b ly  leads to  m ake clear th e  fac to rs  t h a t  genera te  an d  in f lu e n c e  th e  cycle. 
H ow ever, i f  i t  c an  be d e te rm in ed  th a t  how  a t  w h a t deg ree  d o  th e  ind iv idual 
fac to rs  c o n tr ib u te  to  th e  ap p earan ce  o f  th e  cycle in  th e  g iv e n  ch arac teris tics , 
th e  fa c t can  also be  e s tab lish ed  how  th e se  in d iv id u a l fa c to rs  a ffec t (q u a lita ­
tiv e ly  and  q u a n tita tiv e ly )  th e  cycle itse lf.
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T h e  know ledge of d ire c t o r  in d ire c t effects o f  th e  in d iv id u a l fac to rs (m ay) 
n e c e s sa r ily  provide th e  p o s s ib il i ty  (o r a t  least c o n tr ib u te  to  it) )  th a t  b y  m o d ify ­
in g  c e r ta in  biological, c h em ica l, geological and e n v iro n m e n ta l, even of c e r ta in  
p h y s ic a l  p henom ena th e  cycle  c o u ld  be governed in  a d ire c tio n  being (m ore) 
a d v a n ta g e o u s  to  m ank ind .

B y  m eans of m o d if ic a tio n  o f  th e  ra tio  o f  each  fa c to rs  genera ting  th e  
cycle  t h e  d u ra tio n  and  in te n s i ty  o f  th e  cycle m a y  also  b e  m odified , i.e. th e  
cycle  c a n  b e  affected (c o n tro lle d ), accelera ted  or d e c e le ra te d , enforced or a t te n ­
u a te d .  T h is  has or m ay  h a v e  g r e a t  significance in  b io lo g y  (ag ricu ltu re , food 
p ro d u c t io n , m edical science, g e n e tic s , etc.).

I f  th e  d e te rm in an t fa c to r s  o f  th e  cycle are k n o w n  th e re  is th e  th e o re tic a l 
p o s s ib i l i ty  to  influence th e  c y c le  in  a d irection  fa v o u ra b le  to  u s, i.e. w ith in  th e  
l im its  o f  re p e titio n  d iv e rg en cy  o f  th e  cycle to  in crease  th e  freq u en cy  o f re p e ti­
tio n s  o f  ad v an tag eo u s effec t. T o  in c rea se , how ever, th e  d e v ia tio n  i t  is re s tr ic te d  
b y  th e  n a tu ra l  lim its. E x c e e d in g  th is  the  cycle w ill b e  d e s tro y ed , resp . w ill 
be  tr a n s fo rm e d  in to  an  o th e r  c y c le .

2 .4 . T h e  function-like e x p re s s io n  of the re la tio n sh ip s  p rov ides th e  possi­
b i l i ty  t h a t  assum ing an y  g e n e ra l  d is tr ib u tio n  th e  c o n fid e n c e  in te rv a ls  o f each  
c u rv e  c o u ld  be designated , e .g . th e  boundaries o f  th e  p ro b a b il i ty  fields o f  90, 
75, e tc .  p e r  cen t. The k n o w led g e  o f  th e  cycle’s d isp e rs io n  f ie ld  m ay  c o n trib u te  
to  d e te rm in e  or b e tte r  a p p ro x im a te  th e  m easure o f  econom ic  risk  co n n ec ted  
w ith  g iv e n  in d ustria l o r a g r ic u ltu ra l  p ro d u c tio n  cy c les . T his p rob lem  is 
s c a rc e ly  s tu d ie d  also on a  g lo b a l  scale  and has n o t  b e e n  unam b ig u o u sly  an d  
s a t is f a c to r i ly  solved, y e t.

I t  is  obvious th a t  a p p a r e n t ly  i t  is no t co n sid ered  to  be  d irec t re sea rch  
ta s k  to  investigate the ren ta b ility . T his is, in  fa c t, th e  ta s k  o f  o ther sciences.

T h e  theories su p p o rte d  b y  a  re s tric ted  n u m b e r  o f  d a ta  or e lab o ra ted  
o n ly  o n  a  theo re tica l w ay  a n d  th e  d ifferen t d a ta  series m easu red  b y  in d ep en ­
d e n t  m e th o d s  and su p p o rte d  b y  m any-sided  d a ta  a re  fu se d  in to  a un iform  sy n ­
th e s is  in  geonom y. I t  is, h o w e v e r , a n  im p o rta n t fe a tu re  o f  geonom y th a t  i t  is 
n o t  s a t is f ie d  w ith  th e  re c o g n itio n  o f  th e  q u a lita tiv e  re la tio n sh ip s  betw een  d if­
f e r e n t  p h en o m en a  b u t h ig h ly  e n fo rc e s  itse lf to  th ro w  lig h t  u p o n  th e  q u a n tita tiv e  
side  o f  th e  relations.

T h e  need  for q u a n tif ic a t io n , how ever, m eans a c o n c re te  an d  ind ispensab le  
b a s is  t o  d e te rm in e  th e  p o s s ib il i ty  a n d  ren tab ility  o f  u t i l iz a t io n . The q u an tif ied  
r e la t io n s ,  on  th e ir tu rn , m a y  s e rv e  as a basis to  decide  th e  ra tio n a l u tiliz a tio n  
in  th e  fu tu re .

2 .5 . I f  there  is a close r e la t io n  betw een th e  tw o  fa c to rs  (space an d  tim e) 
t a k e n  a s  th e  basis c h a ra c te r iz in g  th e  cyclic m o tio n , as i t  is expressed  b y  th e  
u n iv e r s a l  cyclic ity  re la tio n , t h e i r  dim ensionless r e la t iv e  n u m b e r (ra tio ) can  
be  u s e d  in  graphic r e p re s e n ta t io n ;  th u s  the plotting o f  o n ly  one dimension can 
be su ffic ie n t, respectively.
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T his, how ever,
— ren d ers  possib le  th e  g raph ic  re p re se n ta tio n  o f new  p a ra m e te rs , e.g. 

p ,  t, e tc ., w hich  p ro d u ces b e tte r  v isu a l
— an d  in d ic a te s  t h a t  th e  e ffo rt ex p o sed  b y  Gy . Ma r x , i.e . to  express 

p h en o m en a  b y  one  v a lu e , can  be a p p ro ach ed  also  in  th is  w ay  [6].

3. Tasks to  be D one

3.1. I n  h a rm o n y  w ith  th e  s ta te m e n ts  a n d  sense o f  th e  f i r s t  le c tu re  [12] 
th e  ta sk s  to  be d one  are  f ir s t  of all as follow s:

— th e  n u m b e r o f  d a ta  in  th e  d iag ram  sh o u ld  be  b y  a ll m ean s in creased ;
— sy s te m a tic  e ffo rts  are to  be m ad e  to  a llo ca te  fu r th e r  v e ry  d iffe ren t 

n a tu ra l  p h en o m en a  in  th e  d iagram . T h is m a y  allow  th e  d o u b tle ss  v e rif ic a tio n  
o f  th e  u n iv e rsa l v a lid ity  o f  th e  cycle re la tio n s .

In  th is  occasion  n o t  on ly  th e  a rra n g e m e n t o f  po in t-lik e  d a ta  is req u ired . 
M ajor p a r t  o f n a tu r a l  p h enom ena  w ill a p p e a r  as lines or m o reo v er as fie lds, 
since:

— th e  geological a n d  biological p h e n o m e n a  re f le c t r a th e r  s ta t is t ic  (sto ­
chastic) th a n  c au sa l reg u la ritie s ,

— as i t  h a s  b e e n  em phasized  b y  E . S z á d e c z k y -K a r d o s s  th e  com plex  
cycles are  v e ry  fre q u e n t in  n a tu re .

3.2. T he experiences o f  th e  un iv ersa l cy c lic ity  re la tio n  o b ta in e d  so fa r  dem ­
o n s tra te  th a t  i f  ex is ts  an d  is active . I n  fa v o u r  o f fu r th e r  d ev e lo p m en t th e  
period  or re search  ch a ra c te riz e d  b y  th e  e ffo rts  to  su p p o rt th is  re la tio n  sh o u ld  be 
follow ed b y  th e  p e r io d  in  w hich th e  re sea rch ers  looks as an  “ ad v o c a tu s  d iab o li”  
fo r p henom ena w h ich  c o n tra d ic t to  or c a n n o t b e  in te rp re te d  b y  th e  cyc lic ity  
re la tio n .

T his is o f d o u b le  a d v an tag e :
— for th e  c y c lic ity  re la tio n  th e  fie ld s  w ou ld  be d e te rm in ed  in  w hich 

especially  in ten se  re sea rch  is req u ired  to  so lve  th e  co n tra d ic tio n s  an d  b y  
m eans o f d ifferences to  refine, p a rticu la rize  a n d  im p ro v e  th e  re la tio n  itse lf;

— i t  p ro v id es  v a lu ab le  basis to  th e  science b ran ch es in  q u es tio n  w hich 
m ake possible to  d esig n  co n v en ien tly  th e  f ie ld s , d irec tio n  an d  ta sk s  o f  fu r th e r  
p a r t ia l  research es.

R E F E R E N C E S

See the paper of au th o r entitled: “ Function  R elations and V alid ity  L im its o f Cyclic 
R elations”  in  this volum e (p. 99 — 100).
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НЕКОТОРЫЕ ПРИНЦИПИАЛЬНЫЕ И ПРАКТИЧЕСКИЕ СООБРАЖЕНИЯ ПО
ЗАВИСИМОСТЯМ ЦИКЛИЧНОСТИ

Ф. ВЕНКЕ 

Р е з ю м е

Теоретическое значение универсального соотношения циклов заключается
— в установлении количественно выражаемой закономерной связи между про­

странственными и временными размерами цикличных движений;
— в возможности благодаря вышеупомянутому соотношению всеобъемлющей 

систематизации и классификации ныне известных природных явлений;
— в создании связи между органическим-неорганическим миром с одной стороны и 

закономерностями естественных наук и общественно-экономическими явлениями, 
с другой, и тем самым, оно может привести к открытию новых закономерностей;

— в том, что оно указывает на преобладание тех или других главных видов дви­
жения вещества: формы движения, относящиеся к межполосным диапазонам 
скоростей, являются редкими и как правило они только переходные;

— в том, что в связи с этим оно подтверждает возможность перехода количествен­
ных изменений в качественные и его приуроченность к предельным величинам;

— в том, что оно отражает основные фазы и формы упорядочения и эволюци« ве­
щества и движения.

Практическое значение зависимости цикличности состоит в том, что
— он с помощью связи размеров пространства и времени подчеркивает целеустрем­

ленность исследований, если только один из размеров цикла известен;
— при движении между полосами он указывает на переходной характер явления;
— он способствует развитию прогностики природных ресурсов;
— потенциально дает возможность на то, чтобы — в определенных пределах — 

искусственно повлиять на отдельные цикличные явления;
— он способствует выяснению вопросов экономики и возможных рисков.
В работе указывается на определяющую роль геономии в открытии универсального
зависимости цикла, а также на дальнейше задачи исследований соотношения циклов.
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CYCLIC PROCESSES AND THE STABILITY 
OF SYSTEMS

By

J . H o r v á t h

DEPARTMENT OF PHILOSOPHY, EÖTVÖS LORÁND UNIVERSITY, BUDAPEST

The hypothesis of the general system  theo ry  and  the theory on cycles is expounded 
and  an a ttem p t is m ade a1 form ulating the general, universal principles to  be accepted as 
a  basis. In  the dom ain of philosophy th is can be done on the basis of tw o methodological 
principles of dialectics, as a new paradigm  for form ulating theories, nam ely  on th e  basis 
o f the synthesis of universal relationships and  on th a t  of the principles of universal 
changes. Accordingly, the world is a to ta lity  of processes and process-based complexes 
o f relationships.

The concrete task  of th e  im plem entation  of such a synthesis consists in  expressing 
th e  phenom ena of order in term s of in terac tions of the processes involved. T reating  a 
system  as a peculiar kind of stacking, th e  au th o r defines it  as the s tab ility  of th e  order. 
Expressed in term s of motion, the order is, on th e  one hand, a repetition , on th e  other 
hand , a specific superposition of different sta tes. The existence of order, th e  preservation 
of a system  and the consecutiveness of its existence are controlled b y  a specifically 
oriented form of m otion —a cycle. A ccordingly, th e  final conclusion of th e  paper is the 
following: a system  is a  cyclic process expressed in  term s of process in teractions.

T h e  m an y -sid ed  in te rd isc ip lin a ry  a p p ro a c h  to  problem s a n d  th e  ex p a n ­
sion  o f  com plex  resea rch  are  conspicuous fe a tu re s  of th e  sc ien tific  ev o lu tio n  in  
th e  2 0 th  c e n tu ry . T h e  in v estig a tio n s s ta r t in g  fro m  v e ry  d iffe ren t fie ld s  converge 
in  p e c u lia r  foci, in  so-called  g en era liza tio n  p o in ts  and  th ro w  lig h t  u p o n  th e  
u n i ty  o f  n a tu ra l  p h en o m en a  an d  processes b y  m eans of new  m e th o d s  a n d  a t 
h ig h e r levels. T he id ea  o f th e  u n ity  o f  n a tu re  is one o f th e  fu n d a m e n ta l p r in ­
cip les o f M arx ist ph ilo sophy . I t  can  b e , th e re fo re , accep ted  th a t  to  fo llow  w ith  
k een  a tte n tio n  th e  new  sc ien tific  tre n d s  a n d  to  su p p o rt th em  b y  ow n a c tiv ity , 
th e se  p ro v id e  g ra n d  experience to  th e  re p re se n ta tiv e  of th is  p h ilo so p h y . B o th  
m y  resea rch  fie ld  an d  a lon g -te rm  fru itfu l co o p era tio n  w ith  e x p e r ts  in  n a tu ra l  
science offered  me th e  possib ility  to  be  n o t  o n ly  th e  beho lder b u t  a lso  an  ac tive  
p a r t ic ip a n t  o f  a com plex  research  t r e n d  b a se d  fu n d a m e n ta lly  o n  H u n g a ria n  
re su lts , th e  g en era liza tio n  focus o f w h ich  consists  o f th e  cyclic p rocesses. In  
1975 jo in in g  in  to  th e  fu n d am en ta l p a p e r  o f  E . S z á d e c z k y - K a r d o s s  I  had  
th e  o p p o r tu n ity  to  dea l w ith  th e  p o sitio n  o f  ro ta t io n  as a ph ilo so p h ica l general­
iz a tio n  o f  cyclic processes in  th e  u n iv e rsa l d ia lec tics of m o tio n , a n d  to  to u ch  
th e  re la tio n  o f  ro ta t io n  to  evo lu tio n . A lre a d y  a t  th a t  occasion th e  follow ing 
th e s is  concern ing  th e  ro le o f ro ta tio n  w as em phasized : ro ta t io n  is  th e  fu n d a ­
m e n ta l form  o f m o tio n  o f se lf-susta in ing  p rocesses. Now, th is  th o u g h t  w ill be 
p ro g ressed  to  a rriv e  a t  th e  p ro b a b ly  so m ew h at audacious conclusion  w hich 
s ta te s  th e  necessity o f a synthesis o f  the cyclicity and universal system theories.
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I.

H istorical Review

I n  i ts  m odern  fo rm  sy s te m  th e o ry  as a co m p lex  research  d ire c tio n  an d  
g e n e ra liz a tio n  th e o ry  h a s  ev o lv ed  from  b io logy . I t s  f i r s t  general fo rm u la tio n  
w as d o n e  b y  L . von  B e r t a l a n f f y  in  th e  fo u rtie s  a n d  fiftie s . I ts  in flu en ce  a n d  
p ro d u c t iv i ty  in c o n te s ta b le  a n d  i t  is ever w id e ly  a p p lie d  n ea rly  in  a ll b ra n c h e s  
o f  re s e a rc h .

C y c lic ity  th e o ry  evo lves fro m  geology; i ts  g en era lized  form  w as e la b o ra te d  
in  th e  f if t ie s  an d  six ties  b y  E . S z á d e c z k y - K a r d o s s .

B o th  theo ries exceed  th e i r  f ie ld  o f  o rig in  a n d  develop  to  g en e ra liza tio n  
th e o r ie s  a n d  u n iv e rsa l m eth o d o lo g ica l p rin c ip les . T h ese  in fluence  o u r w orld  
c o n c e p t a n d  to u ch  th e  g en era l ph ilosoph ical bases  o f  o u r ideology.

T h e  tw o  th eo ries  w ere  conceived  in d e p e n d e n tly  o f  each  o th e r, th e ir  evo­
lu tio n , h o w ev e r, is n ecessa rily  co n vergen t. O nce L . v o n  B e r t a l a n f f y  w rite s : 
“ T h e  g e n e ra l th e o ry  o f  p e r io d ic ity  w ould be  d es irab le  in  m an y  f ie ld s .”  E . 
S zXd e c z k y - K a r d o s s  fo rm u la te s  th e  follow ing c o n c e p t: “ A se t becom es a sy s ­
te m  th ro u g h  cy c lic ity ” .

A s to  L . von  B e r t a l a n f f y  “ th e  gu id ing  p rin c ip le  o f  system  th e o ry  is th e  
d y n a m ic  co n cep t w hich  tr ie s  to  ex p la in  th e  p h e n o m e n a  o f  o rder in  te rm s  o f 
in te ra c t io n s  b e tw een  p ro cesses” . As to  our ju d g e m e n t th is  can  he c a rr ie d  o u t 
b y  s y s te m  th e o ry  o n ly  on  th e  basis of c y c lic ity  th e o ry . The “ feed -b ack ” , 
c o n tro l a n d  se lf-regu la tion  exp ressed  in  th e  “ te rm s  o f  in te rac tio n s  b e tw e e n  
p ro c e sse s”  a re  n o th in g  else th a n  a p ecu lia rly  co m p lex  an d  co m p lica ted  cyclic  
p ro cess . I n  a d y n am ic  co n c e p t, o rd e r is n o th in g  else th a n  a specific  ty p e  o f 
m o tio n , a  d irec tio n a l fo rm  o f  m o tio n  w hich is c a lle d  ro ta tio n  in  th e  b ro a d e s t 
sen se . T h u s , i t  has a lre a d y  b e e n  s ta te d  th a t  th e  c y c lic ity  th e o ry  opens a  new  
p e rs p e c tiv e  o f  d ev e lo p m en t fo r  sy s tem  th e o ry .

General Theoretical Considerations

B efo re  all, i t  is n e c e ssa ry  to  reca ll to  th e  g en e ra l ph ilosophical b ases  o f 
s y n th e s is  o f  th e  tw o g e n e ra liz a tio n  theo ries.

I n  th e  f ir s t  decade o f  o u r  c e n tu ry , a t  th e  v e ry  beg in n in g  o f th e  re v o lu tio n  
o f  p h y s ic s , V. I .  L e n i n  cam e  to  th e  s ta te m e n t t h a t  th e  physics o f  th e  2 0 th  
c e n tu r y  g en era tes  d ia lec tic  m a te ria lism . In  o th e r  w o rd s, th e  new  w ay  o f th in k ­
in g  c a lle d  d ia lec tics b y  K . M a r x  a n d  F . E n g e l s  a f te r  H e g e l , b reak s  th ro u g h . 
T h is  n e w  w a y  o f th in k in g , th is  new  p a rad ig m  o f c re a tin g  theories is b a se d  on 
th e  sy n th e s is  o f tw o b asic  p rin c ip les  o f m e th o d o lo g ica l concep ts. Dialectics 
realizes the synthesis o f  universal relationships and o f  the principle o f  universal 
changes. W ith  regards to  o n to lo g y  th is  m eans t h a t  th e  w orld  is th e  to ta l i ty  o f  
p ro cesses  a n d  o f th e  re la tio n sh ip  com plexes b ased  o n  th e  processes.
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T h e  o b je c tiv e  d ia lec tics  o f n a tu re  is ev e r m ore  co m p reh en siv e ly  disclosed 
b y  th e  new  sc ien tific  e ffo rts  an d  d irec tio n s  o f  th e  2 0 th  c en tu ry . T h e  gen era liza ­
t io n  tre n d s  o f  th e o re tic a l re sea rch  such  as th e  system  th e o ry  a n d  cyclic ity  
th e o ry  te s tify  to  th is  fa c t. N o t o n ly  th e  n e c e ss ity  o f  th e ir  g e n e ra tio n  b u t  also 
t h a t  o f  th e ir  sy n th es is  a re  d ire c t consequences o f  th e  dialectic  fo rm  o f  th in k in g , 
o f  th e  d ia lec tic  v iew  ex p ressin g  th e  g en e ra l th eo re tica l an d  m e th o d o lo g ica l 
essence  o f th e  2 0 t h  c e n tu ry  sc ien tific  re v o lu tio n .

П.

N ow , le t  u s  in v e s tig a te  w h a t does i t  m ean  to  express th e  p h e n o m e n a  of 
o rd e r in  te rm s  o f  in te ra c tio n s  b e tw een  p rocesses.

1. T he te rm s  “ p rocess”  an d  “ in te ra c tio n ”  b o th  express m o tio n . I n  m ost 
g en era l sense, motion com prises all p rocesses ta k in g  place in  sp a c e  a n d  tim e. 
A lre a d y  in  th e  la s t  c e n tu ry , F . E n g e l s  ca lled  th e  a tte n tio n  to  th e  in se p a ra b le  
re la tio n sh ip  o f  “ re la tio n sh ip ”  and  “ m o tio n ” . H e  w ro te: “ T h e  w h o le  n a tu re  
accessib le to  u s  consists o f  a sy s tem  an d  u n iv e rsa l re la tio n sh ip  o f  b o d ies . The 
fa c t t h a t  th e se  bod ies a re  in te r re la te d  in c lu d es th e ir  in te rac tio n  a n d  th is  m u tu a l 
in te ra c tio n  is m o tio n  itse lf .”  T his th o u g h t o f  F .  E n g e l s  w idens th e  in te rp re ­
ta t io n  o f  m o tio n  as process an d  leads to  th e  conclusion  th a t  a ll p ro cesses  are 
re a lly  in te ra c tio n s , m o tio n  is th e  in te ra c tio n  o f  processes. B y m e a n s  o f  th is  we 
possess th e  k e y  to  disclose th e  system as a process. T h e  system  as a  p ro cess  ex ists 
as a  com plex  o f  in te ra c tio n s .

T he re su lts  o f  o u r co n sid e ra tio n  can  be  sum m arized  as fo llow s:
— m o tio n  is a  p rocess,
— m o tio n  is an  in te ra c tio n ,
— sy s te m  is th e  in te ra c tio n  o f  p rocesses.
2. One o f  th e  basic  p ro b lem s o f sy s te m  th e o ry  is how to  d e f in e  th e  system. 

T h e  m o st w id esp read , e ssen tia lly  e q u iv a le n t m odels o f system  d e f in it io n s  are 
as follow s:

P a r t  -(- T o ta l i ty  =  S ystem
E lem en t +  S tru c tu re  =  S ystem

T hese  an d  s im ila r  m odels p ro v id e , o f co u rse , app licab le  p h en o m en o lo g ica l de­
sc rip tio n s , re sp . fu n c tio n a l schem es. H o w ev er, su ch  certa in  ty p es o f  su p p le m e n t, 
e .g . t h a t  to ta l i ty  p red o m in a te s  over th e  p a r ts  do no t belong to  th e  general 
co n cep tu a l d isco v ery  o f  th e  n a tu re  o f sy s te m , b u t  cha rac terize  th e  specific 
fe a tu re s  o f th e  d iffe re n t ty p e s  o f  sy s tem s.

T h e  co n cep ts  o f  o rd e r an d  sy stem  a re  r a th e r  freq u en tly  c o n fu se d . I t  is 
t ru e  th a t  o rd e r is  c h a ra c te r is tic  o f  a ll sy s te m s  b u t  th e  o rder o f  s ta te s  an d  
p rocesses a lone  c a n n o t b e  considered  to  b e  a  sy s tem . C onsequen tly , d iso rd e r is
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o p p o sed  to  order a n d  n o t  to  th e  system . T he c o r re c t  re la tion  is as fo llow s: 

D iso rd e r —► O rd er —► S y stem

S y stem  is a p e c u lia r  k in d  o f  order. S ystem  is th e  discontinuous, stable and  
reproductable form  o f  order. S ta b il i ty  and  re p ro d u c tib i l i ty  are in  close re la tio n , 
a n d  e sse n tia lly  express th e  id e n t i ty  of th e  sy s te m , th e  id e n tity  w ith  itse lf , i ts  
su rv iv a l an d  c o n tin u ity  o f  i t s  ex istence. T he d isc o n tin u o u s  c h a ra c te r  d en o te s  
th e  sp e c if ic ity  th e  q u a lity  a n d  th e  d iversity . T h e  re la t io n  o f d isco n tin u ity  a n d  
re p ro d u c tib il i ty  expresses a lso  th e  m om en tum  o f  id e n t i ty .  In  o th e r w o rd s , th e  
s ta b i l i ty  o f  system s is th e  p re se rv a tio n  of th e ir  id e n t i ty .  T he basis o f  s ta b i l i ty  
o f th e  sy stem s is th e  o rd e r  ex p ressed  by  th em  a n d  b y  th e ir  ac tiv ity . T h e  b asis  
o f  e v e ry  sy stem  is th e  o rd e r  de te rm in in g  its  s t r u c tu r e  an d  fu n c tions. I n  th is  
w ay  th e  com m on e ssen tia l ch a ra c te ris tic s  o f a ll sy s te m s  are  a tta in e d  b y  m ean s 
o f  w h ich  th e  a b s tra c t g e n e ra l concep t of th e  s y s te m  can  be described . T h e  
essence o f  an y  system  is g iv e n  b y  th e  s ta b ility  o f  o rd e r  expressed in  i t .  Each  
system is the stability o f  the g iven order characteristic o f  it.

3. In  th e  fo regoing  tw o  defin itions o f th e  s y s te m  were given:
(a) sy stem  is th e  in te ra c t io n  of processes 
(ß ) sy stem  is th e  s ta b i l i ty  o f order.

T h ese  tw o  defin itions c h a ra c te r iz e  th e  system  f ro m  tw o  d ifferen t sides, e.g . 
fro m  th o se  o f  s tru c tu re  a n d  o f  process. A m ore c o n c re te  approach  w ill b e  g iv en  
b y  d isc lo sing  th e  u n i ty  o f  th e  tw o  aspects.

O u r aim  is to  p re se n t a  syn thesis  of cy c lic ity  th e o ry  and  sy s tem  th e o ry . 
T h u s , th e  rem ain ing  ta s k  to  b e  solved is to  ex p re ss  th e  order and s ta b il i ty  in  
te rm s  o f  processes, re sp . in  th o s e  o f  in te rac tio n s  b e tw e e n  processes.

T ry in g  to  exp lo re  th e  essence of system  as in te ra c tio n  of p rocesses, th e  
d ire c tio n  o f  processes sh o u ld  b e  em phasized an d  th e  d irec tio n a l form  o f  m o tio n  
sh o u ld  b e  ta k e n  in to  a c c o u n t.

I n  te rm s  o f m o tio n  s ta b i l i ty  is th e  re p e ti t io n  o f  order. In  th e  re p e ti t io n  
as in  d irec tio n a l fo rm  o f  m o tio n  id e n tity  occurs as a  change of s ta te  a n d  e x is ts  
as a  p rocess. R e p e titio n  is th e  progressing o f  th e  sa m e  processes, th e  co n tin u a^  
t io n  o f  th e  sam e s ta te s . T h e  basic  function  o f  r e p e ti t io n  is the  c re a tio n  a n d  
m a in te n a n c e  of id e n ti ty  a n d  co n tin u ity . B y  m e a n s  o f  rep e titio n  per definitio- 
nem  a  g iv en  s ta te  is re p ro d u c e d . I ts  form ula is : A  —*■ A .  T hus, re p e titio n  m ak es 
p o ss ib le  th e  re c o n s tru c tio n  o f  defin ite  s ta te s . I t  rep ro d u ces  given p ossib ilities  
a n d  p ro v id es  a p o ss ib ility  to  recom m ence.

T h e  in te g ra te d  s t ru c tu re s  and  system s, e .g . nucleus, a tom , m olecu le  
s tu d ie d  b y  physics are  sp ec ific  form s of order a n d  s ta b il i ty . L et us dea l w ith  th e  
a to m . T h e  q u a lita tiv e  d iv e r s i ty  and  s ta b ility  o f  a to m s  can n o t be ex p la in ed  b y  
c lassica l m echanics. A s to  H e i s e n b e r g , th e  q u a n tu m  th eo ry  gives a c c o u n t o f  
th e  s ta b il i ty  of a tom s a n d  o f  th e  possib ility  o f  th e i r  continuous re fo rm a tio n . 
As i t  is em phasized  b y  W e i s s k o p f  q u an tu m  th e o r y  in troduced  th e  id ea  o f

Acta Geologien Acadetniae Scientiarum  Hungaricae 23, 1980



C Y C LIC  P R O C E S S E S 115

id e n ti ty  in to  physics an d  exp lo red  th e  reasons o f d iffe ren t a to m ic  fo rm s aiid 
o f  th e ir  re p ro d u c tib ility . T h e  sp ec ific ity  o f  d iffe ren t a tom s d e riv e s  from  the  
s ta b il i ty  o f o rder, i.e . fro m  th e  form s o f v ib ra tio n  ta k e n  b y  th e  e le c tro n  wave 
b o u n d  b y  th e  a t tr a c t iv e  fo rce  o f th e  nucleus. T h e  d iffe ren t fo rm s d e p e n d  on the  
s tre n g th  and  sy m m etry  o f  th e  fie ld . E .g . th e  sp ec ific ity  o f  th e  b a se s  p a r tic i­
p a tin g  in  th e  c o n s titu tio n  o f nucleic acide show s an  analogous c o n n ec tio n  w ith  
m olecule.

T he stab le  s ta te s  a n d  p re se rv a tio n  o f ob jec ts  can  be e x p la in e d  b y  the  
eq u ilib riu m  of th e  forces (forces an d  coun terfo rces) gen era tin g  th e m  a n d  com ­
p e n sa tin g  th e  effects o f  each  o th e r. W e shou ld  agree, how ever, w ith  B o u l d in g  
t h a t  all equ ilib rium  sy stem s shou ld  be reg a rd ed  as th e  m arg in a l case o f  a d y n am ­
ic sy s tem  and  s ta b ili ty  c a n  be d e te rm in ed  fro m  th e  o rig inal d y n a m ic  system  
o n ly . I n  case of th e  sy s te m  i t  is to  be  em phasized  th a t  th e  b asis  o f  equ ilib riu m  
a n d  s ta b ility  is th e  o rd e r exp ressing  th e  essence o f th e  sy s tem . N ow  o rd er is 
an  in te ra c tio n  o f d e fin ite  processes w hich show s a specific tre n d .

B y  say ing  th a t  s ta b il i ty  is th e  re p e titio n  o f o rder, i t  w as a lso  s ta te d  th a t  
th e  basis  o f s ta b ility  is th e  o rd e r itse lf. F u r th e r , i t  is also obv ious t h a t  s ta b ility  
is p ro d u ced  only b y  a n  in te ra c tio n  in  w hich  re p e titio n  p re d o m in a te s . R e p e ti­
t io n  alone, how ever, does n o t  p roduce  o rd er. O rder is a specific  succession  of 
d iffe ren t s ta te s . C o n seq u en tly , expressed  in  te rm s  o f m o tion  o rd e r is th e  in te r ­
a c tio n  o f d ifferen t d ire c tio n a l form s o f m o tio n . Since o rder is th e  b as is  o f  the  
u n b ro k e n  ex istence o f  th e  sy s tem , in  te rm  o f m o tio n  i t  is a co m p lex  d irec tio n a l 
fo rm  o f m otion  w hich  ren d e rs  possible th e  p re se rv a tio n  an d  c o n tin u ity  o f  th e  
sy s tem . R o ta tio n  is su ch  a  com plex  fo rm  o f m o tio n .

R o ta tio n  is th e  p e c u lia r  in te ra c tio n  a n d  u n ity  o f tw o sim p le  d irec tio n a l 
fo rm s o f m otion . R o ta tio n  is th e  in te ra c tio n  o f  re p e titio n  (ex p ressin g  th e  id en ­
t i ty )  an d  of th e  irrev e rs ib le  change (expressing  th e  d iv e rs ity ), in  w h ich  re p e ti­
tio n  p redom inates.*  I t s  fo rm u la  is : A  —► В  -* A \  O n th e  one h a n d , in  case of 
ro ta t io n  th e  in te ra c tio n s  b e in g  rea lized  b y  th e  period ica l succession  o f  ir re v e r­
sib le changes gen era te  th e  o rd er. As a re su lt  o f p redom inance  o f  re p e titio n , 
h ow ever, th e  changes o f  s ta te  re tu rn  to  th e  s ta r t in g  po in t. I n  th is  w a y  a  d efin ite  
a n d  closed cycle o f changes o f  s ta te s  develops. T he s tru c tu ra l ch a rac te ris tic s  
o f  ro ta t io n  are: th e  so-called  progressing , ascend ing  (A —► B), a n d  th e  re tu rn in g  
(B  —► A ’) b ranches, fu r th e r  on th is  basis th e  A  —«- A '  m o m en t. I t  is to  he 
em phasized  th a t  ro ta t io n  is closed only  “ o u tw ard s” , an d  i t  is opened

* The term  “ irreversible change”  is used here in  specific sense. I t  denotes a  m otion pro­
cess during which a s ta te  differing from  a given s ta te  is generated. The form ula is: A  B. 
In  th is sense the irreversible change is opposed to repetition. Accordingly, reversib ility  is con­
sidered one of the special cases o f repetition. A process, e.g. о -*■ b, can be reversed  if there is 
th e  possibility of 6 -*• a. In  case of repeatab ility  of a process the possibility  o f (a -*■ b) — 
—► (a -*• 6) exists or there is a possibility to (6 -*■ a) (6 a). In  case of ro ta tio n  th e  con­
dition  of repetition is th e  recurrence (reditus) and n o t categorically the “ reversa l”  (reversis). 
F o r th e  correct in terpre tation  of ro tation  the distinction between recurrence and  reversal is a 
significant element.

8* A d a  Geologien Academiae Scientiarum Hungaricae 23, 1980
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“ in w a rd s ” . The re tu rn  to  th e  s ta r t in g  p o in t is a f in a l p o in t w hich  is a t  th e  sam e 
t im e  th e  s ta r tin g  p o in t, as w e ll. B y  m eans o f  th is  r o ta t io n  becom es th e  fu n d a ­
m e n ta l  fo rm  of m otion  o f  th e  se lf-susta in ing  p rocess, i.e . th e  basis o f th e  s ta b il­
i t y  o f  o rd e r  and  th e  o rd e r  o f  s ta b ili ty .

T h u s , th e  fin a l co n c lu s io n  is as follows:
(y) expressed in terms o f  interaction o f processes system is a cyclic process,
i.e. rotation.
I n  th is  w ay th e  n e c e s s ity  o f  th e  syn thesis  o f  sy s te m  th e o ry  an d  cy c lic ity  

th e o r y  h a s  been d e m o n s tra te d .

ЦИКЛИЧНЫЕ ПРОЦЕССЫ И СТАБИЛЬНОСТЬ СИСТЕМ

Й. ХОРВАТ 

Р е з ю м е

Автор выдвигает гипотезу синтеза общих теорий систем и циклов, проделав опыт их 
обоснования на общепринципиальном уровне. В области философии это положение автор 
видит в синтезе их диалектик как  в двух методологических принципах новой парадигмы 
построения теорий, а именно в синтезе универсальных зависимостей, а также принципов 
универсальных изменений. В соответствии с этим мир представляет собою тотальность 
процессов и основанных на них комплексов взаимосвязей.

Конкретная задача осуществления такого синтеза состоит в отражении явлений 
порядка вещей в терминах взаимодействия между процессами. Рассматривая систему, как 
своеобразную упорядоченность, автор свою работу определяет в качестве стабильности 
порядка. Порядок, выраженный в терминах движений, представляет собою, с одной сто­
роны, повторение, с другой, — специфичную смену друг друга различных состояний. 
Эгзистенцию порядка, сохранение системы, последовательность ее существования обеспе­
чивает некоторая форма движения особого сложного направления, то есть циркуляции. 
В соответствии с вышесказанным окончательный вывод статьи: система представляет со­
бою отраженные в своих терминах цикличные процессы, криговорот, то есть циркуляцию 
взаимных влияний процессов.
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NECESSITY AND DRAWBACKS 
OF INTERDISCIPLINARITY

By

E ., S zű cs

RESEARCH GROUP OF TECHNICS, EÖTVÖS LORÄND UNIVERSITY, BUDAPEST

The com m ent outlines the benefits of th e  system  approach and  calls for coopera­
tion  betw een th e  isolating, branching disciplines which model the phenom ena according 
to  the ir own w ell-worked ordering principles; b u t i t  shows the failures o f th e  superficial 
analogies.

I  w as d e lig h ted  to  p a r tic ip a te  a t  th is  sym posium  w hich  d e m o n s tra te d  
t h a t  th e  in te rd isc ip lin a ry  app ro ach  to  p ro b lem s, th e  m u tu a l a p p ro a c h  o f  ex­
p e rts  s tim u la tes  th e  d ev e lo p m en t o f a ll sc ien tific  b ranches. T h e  le c tu re s  and 
th e  p a rtic ip a n ts , th e  m u sic ian  and  m a th e m a tic ia n , th e  p h ilo so p h e r a n d  p h y s­
ic is t, th e  m echan ica l eng ineer and  th e  geo log ist, e tc . w ere e s se n tia lly  looking 
fo r a s tren g th en in g  o f  th e  in te rd isc ip lin a ry  com m u n ica tio n  a t r a n s f e r  o f the  
ach ievem ents o b ta in e d  in  ce rta in  fie lds in to  o th e rs  and  th e ir  u ti l iz a tio n  in 
o th e r  fields.

N eith er th e  a v a ilab le  tim e  nor th e  to p ic s  o f th e  sym posium  w ou ld  perm it 
a  long -lasting  sc ience-h is to rica l d iscussion b u t  I  th in k  th is  is n o t  n eed ed . I t  is 
obvious fo r all o f  us t h a t  th e  dev e lo p m en t o f  p rofessional b ra n c h e s  o f  science 
is a n a tu ra l an d  ir re v e rs ib le  process. F u r th e r  i t  is also well k n o w n  t h a t  th e  ind i­
v id u a l disciplines d iffe r fro m  each o th e r f i r s t  o f  a ll n o t in  th e  o b je c ts  o f  in v esti­
g a tio n  b u t  in  th e ir  p a r t ic u la r  ap p ro ach  to  i t .  T h e  com plex w o rld  (o r  a  p a r t  of 
i t)  c a n n o t be s tu d ie d  in  d e ta il, p h en o m en a  a n d  regu la rities  c a n n o t b e  d iscov­
ered  i f  som e o f th e  ch a rac te ris tic s  s ig n if ic a n t from  th e  p ro fess io n a l p o in t of 
v iew  are  n o t em p h asized  neglecting  th o se  b e in g  in s ig n ifican t f ro m  th e  given 
p o in t o f view . T h e  m o re  com plex  are th e  p h en o m en a  and /o r th e  m o re  essen tia l 
a re  th e  re la tio n sh ip s  s tu d ie d , all th e  m ore th e  in v es tig a tio n  shou ld  b e  focussed. 
E ssen tia lly , th is  is w h y  th e  in d iv id u a l sciences becam e ever m o re  po larized .

T h is w ould do  no  h a rm  if  th e  p o la riz a tio n  o f  sciences w ere n o t  b e  accom ­
p a n ie d  b y  th e  iso la tio n  o f  sciences in  som e cases; i f  th e  lim ita tio n  o f  th e  in v e s ti­
g a tio n  aspects w ere n o t  le a d  to  a re s tr ic tio n  o f  horizon . W hen a n  e x p e r t  accep ts 
o n ly  his in v es tig a tio n  asp ec ts  to  be va lid , w h en  he  regards h is m o d e l th e  only  
im age o f th e  m odelled  phenom enon , w hen  he  does n o t know  (o r consciously  
neglects) th e  ap p ro ach es  a n d  m ethods o f  o th e r  sciences, n o t o n ly  th e  so lu tio n  
b u t  even  th e  se tt in g  u p  o f  com plex p rob lem s becom e im possib le.
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T a k in g  in to  c o n s id e ra tio n  t h a t  each science is in  a ce rta in  sense, a m odel 
o f  t h e  o b jec tiv e  world th e  p ro c e ss  o f  po la riza tion  c a n  b e  cha rac terized  so t h a t  
to  b e c o m e  acquain ted  w ith  t h e  com plex w orld a n d  to  m ake a c q u a in ted  som e­
b o d y  w i th  i t ,  th is needs e v e n  m o re  m odels, each  o f  w h ich  reflec ts th e  re a l i ty  
f ro m  a n  o th e r  side, i.e. i t  re se m b le s  th e  m odel a c c o rd in g  to  o th e r asp ec ts . O ne 
h a s  t o  rem em ber, h ow ever, t h a t  th e  re s tric tio n  o f  a sp ec ts  concerns o n ly  th e  
m o d e l a n d  no t th e  m o d e lled  phenom enon ; th e  l a t t e r  one rem ains a com plex  
s y s te m  in d ep en d en tly  o f  o u r  m in d .

T h e  properties a re  c lo se ly  in te rre la ted . I f  so m eb o d y  w an ts n o t o n ly  to  
e x p la in ,  b u t  also to  fo re c a s t o r  ev en  more, to  u tiliz e  th e  phenom ena, th e  in v e s­
t ig a t io n  according to  a n a r ro w  professional v ie w p o in t is in su ffic ien t. I n  o th e r  
w o rd s : th e  in v estiga tion  o f  co m p lex  system s n eed s  su ch  a view  w hich  ta k e s  
in to  a c c o u n t m ost o f th e  p o s s ib le  view points. S u ch  an  effo rt is m e a n t b y  th e  
tw e lv e -c y c le  p aram eters  in tro d u c e d  by  E . S z á d e c z k y -K a r d o s s . A sp ec ia lis t 
o f  o u r  day s know ing (a n d  recognizing) only  h is  p a r tic u la r  p ro fession  can  
n e i th e r  to  solve nor to  fo rm u la te  the  u p - to -d a te  p ra c tic a l an d  sc ien tific  
p ro b le m s .

I n  o u r cen tu ry  ev en  m o re  scien tists  recogn ize  th e  dangers o f iso la tio n  o f 
sc ien ces  an d  several te n d e n c ie s  h av e  arisen  w h ich  “ in te rsec tin g ”  th e  science 
b ra n c h e s  t r y  to  find  o u t s u i ta b le  m ethods b y  m ean s o f  w hich  th e  te rm s , a sp ec ts  
a n d  re s u lts  o f special sc ien ces  c a n  be in te g ra te d . S u ch  efforts h av e  b een  e.g. 
c y b e rn e tic s , system  th e o ry , e tc . T he arrang ing  p rin c ip le  o f th is  sym p o siu m ,
i.e . t h e  cycle view shou ld  b e  re g a rd e d  also as su ch  a n  e ffo rt.

I  believe th a t  all th e s e  a re  useful an d  m a y  p ro d u ce  new th o u g h ts  an d  
r e s u l ts  in  th e  fields o f in d iv id u a l  sciences. I t  is f a r  o f  m e to  be tro u b le -fe a s t 
w h e n  I  ca ll the a tte n tio n  to  p h en o m en a  w hich m a y  b r in g  these  fu n d a m e n ta lly  
c o r re c t  efforts to  a d ea d lo c k . M y notions co n cern  f i r s t  o f all n o t th e  p re se n t 
re p re s e n ta tiv e s  of th e  cy c le  v iew  because i t  is m y  ow n experience t h a t  th e y  
a v o id  th e  en tran cem en t o f  fa lse  analogies. N ev e rth e le ss , i t  o ften  h ap p en s  w ith  
g r e a t  id e a s  th a t  epigons u se  th e m  and  th is  m ay  h e a v ily  dam age th e  id ea  itse lf , 
to o . S om e dangers (th e  h a rm fu l  d isto rtio n  o f id eas) are  sketched  in  th e  fo llow ­
in g .

Generalists: who are  g id d y  w ith  the o rg an iz in g  force of a to u g h t a n d  t r y  
to  a p p ly  i t  to  all p h e n o m e n a  w ith o u t contro l. T h e y  seek  only for g en e ra liza ­
t io n s ,  fo r  sim ilarities a n d  n e g le c t th e  special fe a tu re s  an d  differences. S u ch  a 
v ie w  m a y  easily becom e d i le t ta n t is m  w hich d e p riv e s  th e  h u m an  b e in g  o f  th e  
w o n d e rfu l ab ility  to  d isc o v e r th e  w orld of ex tre m e ly  la rg e  and  e x trem e ly  sm all, 
to  e x p lo re  its re la tio n sh ip s  a n d  law s, and  to  u ti l iz e  th e m  consciously  fo r  its  
o w n  purposes.

Annexionists: peop le  w h o  believe th a t  a n y  k in d  o f  th eo ry  m ay  e x is t as 
a  su p e r-th e o ry , i.e. as a d isc ip lin e  which in c lu d es  a ll th e  o th e r d isc ip lines. 
“ R elig ious" authority : p e o p le  w ho do not understand  b u t  only profess a th e o ry
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(or r a th e r  ad m ire  a sciencist rep re sen tin g  i t ) .  In s te a d  o f th e ir  ow n th o u g h ts  
th e y  a rgue  w ith  c ita tio n s  and  in stead  o f  p e rsu a s io n  refer to  a u th o r i ta r ia n  a rg u ­
m ents.

H arm ful analogy : people w ho, on th e  b a s is  o f  som e k ind  o f a p p a re n t-s im i­
la r ity  d raw  conclusions fo r beyond  v a l id i ty  o f  sim ilarity . T he m o re  help  is 
p ro v id ed  b y  th e  reco g n itio n  of sim ila rity  in  th e  know ledge o f p h en o m e n a , the 
m ore h a rm fu l is i t  w hen  th e  differences a re  neg lec ted .

A ll ex trem es re s tr ic t  th e  m ost v a lu a b le  ideas o f th e  sy s te m  v iew : th e  
m u tu a l ap p ro ach  an d  exchange o f ex periences o f  th e  rep re sen ta tiv es  o f  d iffe ren t 
sc ien tific  b ran ch es .

In  fav o u r to  g en era te  th e  rea lly  in te rd isc ip lin a ry  re la tio n s f i r s t  o f all 
th e  e x p e rts , th e  re p re sen ta tiv es  o f d iffe re n t sciences oug h t to  tra n s fo rm  th e ir  
v iew .

In s te a d  o f  th e  u n n a tu ra l com m on la n g u a g e  such a “ t r a n s la to r ”  h as  to  
be developed  w hich  p rom otes in te rd isc ip lin a ry  com m unication . F ir s t  o f  all 
th e  k in d re d  fie lds h a v e  to  m ake clear th e  m u tu a l  fu n d am en ta l co n cep ts  and 
to  harm on ize  (an d  to  co rrec t i f  needed) th e i r  term inologies.

W ith in  sciences no h ierarch ic  o rd e r, n o  sciences su b o rd in a te d  to  each 
o th e r  are  fo u n d ; b u t  w ith in  th e  ta sk s  th e re  is a  h ie ra rch y : th e  ta sk s  o f  a  low er 
h ie ra rch ic  p o sitio n  shou ld  be su b o rd in a te d  to  tho se  o f a h igher one . I n  o th e r 
w ords: th e  scale o f  v a lu es  is to  be know n  w ith in  th e  fram e o f w h ich  th e  task s  
shou ld  be d raw n  (an d  solved), i.e. th e  “ h ig h e r”  in te re s t w hich m ean s  re s tr ic ­
tio n s , co n d itio n  sy s te m  from  th e  p o in t o f  v iew  o f  our so lu tion . I n  o th e r  te rm s 
i t  can  be said  t h a t  s tu d y in g  an y  k ind  o f  ta s k s  i t  should  be reg a rd ed  a  “ p a rtia l-  
sy s tem  p ro b lem ” , th e  so lu tion  o f w hich sh o u ld  m eet (first o f all) th e  req u ire ­
m en ts  o f th e  w hole sy stem .

T he m eth o d  o f sim ilarities shou ld  b e  k n o w n  and applied  b y  m eans of 
w hich  th e  n ecessary  a n d  su ffic ien t co n d itio n s  o f  th e  s im ila rity  o f  tw o  system s 
c a n  be u n am b ig u o u sly  estab lished  an d  in  a d d itio n  to  th e  s im ila rity  th e  d iffer­
ences can  also be  d e te rm in ed .

I t  is especia lly  necessary  in  e d u c a tio n  t h a t  in s tead  o f a  “ s u b je c t p a r tic ­
u la rism ”  th e  v iew  o f in te g ra tio n  should  p re v a il , w hich d em o n s tra te s  t h a t  th e  
in d iv id u a l “ p ro fessional law s”  are  on ly  sp ec ia l cases o f th e  u n iv e rsa lly  valid  
n a tu ra l  law s.

T he ex p e rts  o f  th e  age o f th e  sc ien tific -tech n ica l revo lu tio n  sh o u ld  n o t be 
o n ly  specialists b u t  shou ld  possess w ide  gen era l education , open n ess  and  
m o d esty  to w ard s o th e r  science b ran ch es a n d  experts .

In  fav o u r (an d  in  th e  sense) o f  th is  th e  efforts should  be  p ro m o ted  
w hich  im prove  th e  jo iű t  a c tiv ity  of d iffe re n t e x p e rts . F rom  th is  p o in t  o f  view  
I  believe th e  cycle v iew  m ay  be v e ry  im p o r ta n t  an d  p rom oting  n o t o n ly  fo r th e  
in te rco m m u n ica tio n  o f  ex p erts  b u t  also fo r th e  sy s tem a tiza tio n  a n d  review  
o f  p henom ena  acco rd in g  to  th e  given a sp ec t.
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Н Е О Б Х О Д И М О С Т Ь  И  О П А С Н О С ТЬ С И С Т Е М Н О Г О  П О Д Х О Д А

э. с ю ч

Р е з ю м е

Д о б а в л е н и е  подчерки вает необходим ость си стем н ого  подхода в  объединении все  
более и зо л и р о в а н н ы х  н ау к , м о делирую щ их я в л ен и я  по  сво и м  принципам , но т а к ж е  у к а зы ­
в ае т  н а  о п а сн о ст ь  поверхностны х а н ал о ги й .
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UNIVERSAL CYCLICITY 
IN A NON-CYCLIC UNIVERSE

By

G. P a I l

KONKOLY-OBSERVATORY OF THE HUNGARIAN ACADEMY OF SCIENCES , BUDAPEST

Physical principles behind cyclic phenom ena are reviewed. The conditions of cyclic 
behaviour of objects are reduced to  equilibrium  conditions, w hich in  tu rn  depend on 
geometrical sizes and  m a tte r  densities. Cyclicity is shown to be an  in h e ren t property  of 
cosmic systems, unless they  are too large to  be stable (e.g. the U niverse itself). Thus, the 
size versus cycle tim e relation  of cosmic objects is lim ited by the H ubb le-tim e, th e  Hubble 
length and the light velocity.

I . Cyclicity, E qu ilib riu m  an d  E ntropy

— L ocal C ond itio n s fo r  In d iv id u a l Cosmic O b jec ts  —

S tab le  equ ilib rium  o f  oppo site  forces is responsib le fo r th e  p e rm an en t 
ex is ten ce  of d ifferen t cosm ic bodies ran g in g  fro m  in te rs te lla r  d u s t  a n d  m eteo r­
ite s  to  p lan e ts  an d  s ta rs . T h e  cyclic m o tions an d  oscillations n e a r  th e ir  stab le  
e q u ilib riu m  sta te s  are due  to  th e  v e ry  sam e forces. T hus, one c a n  s a y , in  a sense, 
t h a t  cosm ic bodies ty p ic a lly  show  cyclic b eh av io u r “ sim p ly  b ecau se  th ey  
e x is t” .

A ll system s o f cosm ic bodies (e.g. so la r sy stem , s te lla r  sy s te m s , clusters 
o f  ga lax ies, etc.) are com m only  re g a rd e d  to  be p ro d u c ts  o f  a s tro n g  g ra v ita ­
t io n a l  condensation  process s ta r t in g  from  sm all d en sity  p e r tu rb a tio n s  o f the 
a lm o s t hom ogeneous cosm ic m a tte r  o f  th e  ea rly  U niverse .T he fo rm a tio n  o f stars  
a n d  th e ir  system s is g o v ern ed  b y  th e  law  o f th e rm o d y n am ics  acco rd in g  to  
w h ich  e n tro p y  can n o t decrease [1]. C om plete system s are , th e re fo re , b o u n d  to  
te n d  to w ard s  m ore an d  m ore  p ro b ab le  — i.e. less an d  less o rd e re d  — co n fig u ra­
tio n s  in  phase space, an  a b s tra c t  six  d im ensional space describ ing  b o th  th e  geo­
m e tr ic a l positions (th ree  d im ensions) an d  th e  m o m en ta  — o r v e lo c itie s  — o f the 
c o n s titu e n ts  of th e  sy s tem  (o th e r th re e  d im ensions). T he g ra v ita t io n a l  conden­
sa tio n  is a tra n s itio n  from  a fea tu re less , a lm o st even ly  d is tr ib u te d  substance  
to  a  w ide  v a r ie ty  o f  r a th e r  co m p ac t ob jec ts  w ith  h igh  degrees o f  sp h erica l or 
ax ia l sym m etries. T his is a  c learly  “ a n ti-e n tro p ic ”  ten d en cy  to w a rd s  a  very  
im p ro b a b le  and  w ell-o rdered  s itu a tio n  — a t  le a s t in  th e  th re e  d im ensions of 
th e  g eom etrica l co n fig u ra tio n s . I t  follow s th a t  in  o rd er to  m ake s t a r  a n d  galaxy  
fo rm a tio n  com patib le  w ith  th e rm o d y n am ics  th e  “ velocity  c o m p o n e n t”  o f  the
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e n tr o p y  should  change to w a rd s  “ d iso rder”  a t  a r a te  s tro n g  enough  to  over­
c o m p e n sa te  th e  opposite  te n d e n c y  o f th e  “ space  c o m p o n e n t” . T his req u ire ­
m e n t  o f  princip le is a c tu a l ly  sa tis f ied  in  cosm ogonic processes. T he cosm ic 
s u b s ta n c e  in  th e  vo lum e o f, s a y , a galaxy  is k n o w n  to  h a v e  been  in  an  a lm o st 
u n iq u e  s ta te  of m o tion  (c o rre sp o n d in g  to  a single p o in t  o r a sm all sp o t in  th e  
v e lo c i ty  space) before g r a v i ta t io n a l  condensation , i.e . in  th e  p h o to n  e ra  o f  th e  
h o t  U n iv e rse . L a te r th e  sa m e  m a t te r  evolves to w a rd s  la rg e  ve lo c ity  d ispersions 
o f  i t s  co n s titu e n ts  d u rin g  th e  ep o ch s of th e  g ra v ita t io n a l  collapse an d  th e  su b ­
s e q u e n t  re lax a tio n  p rocesses. T h u s , in  a  s ta n d a rd  B ig -B a n g  cosm ology m ore  or 
less p o in t- lik e  objects a p p e a r  in  th e  geom etrical sp a c e  o n  acco u n t o f  th e  d is­
a p p e a ra n c e  of a single p o in t- l ik e  d is trib u tio n  in  th e  v e lo c ity  space. T he o b jec ts  
t h a t  m o v e  w ith  th e  r e s u ltin g  la rg e  re la tive  velo c ities  a re , how ever, con fin ed  to  
so m e  m in o r geom etrical d o m a in s  o f  cosmic co n d e n sa tio n s  (groups and  c lu ste rs  
o f  s ta r s ,  galaxies, etc.) s p re a d  o v e r  in  an  enorm ous, p ra c tic a lly  e m p ty  in te rs te l­
la r  o r  in te rg a lac tic  space. T h e  lo n g -lastin g  ex is ten ce  o f  densely  p o p u la te d  sm all 
s ta b le  c lusterings w ith o u t r a p id  escape of h igh  v e lo c ity  m em bers is m a th e m a t­
ic a l ly  feasib le  only i f  th e  m e m b e rs  o f c lusterings h a v e  s tro n g ly  cu rv ed  o rb its , 
th e y  su ffe r  in tensive a c c e le ra tio n s  and  th e ir  m o tio n s  show  re p e titio n s  e ith e r  
in  a  r e g u la r  w ay (c ircu la r m o tio n ) , or a t le a s t in  a  s ta t is t ic a l  sense (irreg u la r 
q u a s i-p e rio d ic  m otion). — T h u s ,  b o th  equ ilib rium  a n d  e n tro p y  considera tions 
m a k e  i t  clear th a t  cyclic m o tio n  (sensu la to) sh o u ld  b e  a  p rac tica lly  u n iv e rsa l 
p r o p e r ty  o f all stab le  in d iv id u a l  cosm ic ob jects.

T h e  underly ing  fo rces, re sp o n sib le  for th e  lo n g -la s tin g  ex istence o f  s tab le  
co sm ic  ob jec ts , can  be  u n d e rs to o d  sim ply b y  s tu d y in g  th e  in n e r m o tions о 
o b je c ts  [2]. In  case o f cy c lic  m ech an ica l m otions th e  s im p le s t possible k in e m a t­
ic  p a ra m e te r ,  th e  size to  c y c le  tim e  ra tio  (o f d im en s io n  o f  velocity ), a lread y  
e n su re s  a  deep insigh t in to  t h e  physics of o b jec ts . T o  see th is  we w rite  eq u ilib ­
r iu m  cond itions for g r a v i ta t io n a l ly  bound sy stem s

Epot — 2 • E kln ( th e  so-called V ir ia l  theo rem )
a n d

flfherm gw ^ so u n d  ^  p puls ^  v l r b  ^  ^  P

C* C2 C2 C2 C2 R  QC2

H e re  a n d  below E kln a n d  E pot m ean  the  k in e tic  a n d  (g ra v ita tio n a l)  p o te n tia l 
e n e rg y  o f  th e  object, r e s p e c tiv e ly , vtherm deno tes th e  av e rag e  velocity  o f  th e r ­
m a l m o tio n  of partic les in  t h e  o b je c t, vesc th e  escap e  v e lo c ity  a t th e  su rface  o f 
th e  o b je c t ,  vsound th e  so u n d  v e lo c ity  w ith in  th e  o b je c t, vpuls th e  p ro p ag a tio n  
v e lo c ity  o f  p u lsa tiona l o r  v ib ra t io n a l  m otions o f  th e  o b jec t, vorb th e  o rb ita l 
v e lo c ity  o f  a (possibly f ic t i t io u s )  sa te llite  rev o lv in g  close to  th e  surface o f  th e  
o b je c t ,  c th e  ligh t v e lo c ity , p  th e  average p ressu re  a n d  q th e  average d e n s ity  o f 
th e  o b je c t,  R  th e  rad iu s  o f  t h e  o b jec t, Л  =  2 G M /c2 th e  S chw arzsch ild -rad ius
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o f  th e  o b jec t, M  th e  m ass o f th e  o b jec t a n d  G th e  N ew ton ian  c o n s ta n t o f  g ra v ­
i ty .  W e f in d  t h a t  v e ry  d iffe ren t ve lo c ities  give essen tia lly  th e  sam e in fo rm a­
tio n  ab o u t o b jec ts  in  equ ilib rium . L e t us ex am in e  now  th e  in fo rm a tio n  co n te n t 
o f  one su ita b ly  chosen  re p re se n ta tiv e  v e lo c ity : vorb =  v. I f  T , th e  cycle tim e  of 
o rb ita l m o tio n , a n d  R  are  given, one c a n  c a lc u la te  v. F u rth e rm o re , acco rd ing  to  
th e  w ell-know n fo rm u la  for c ircu lar m o tio n -th e  ra tio  v2/R  is e q u a l to  th e  accel­
e ra tio n , a, o f  th e  sa te llite , w hich in  t u r n  m easu res  th e  force, F , “ fe lt”  b y  th e  
sa te llite  due  to  th e  g ra v ita tio n a l in flu en ce  o f  th e  ce n tra l o b jec t. I n  a d d itio n  
to  these  d a ta , th e  above chain  o f a p p ro x im a te  eq u a tio n s  p e rm its  us to  ca lcu la te  
M  an d  p /д  fo r th e  o b jec t. T hus, in  case o f  cyclic  m otions n e a r eq u ilib riu m  th e  
sim p lest p u re ly  k in e m a tic  d a ta  on  cycle t im e  a n d  size a lread y  c o n ta in  fa r  reach ­
in g  ph y sica l (d y n am ic  an d  even  th e rm o d y n a m ic ) in fo rm a tio n  a b o u t th e  sys­
te m  in  q u es tio n . A lth o u g h  a superfic ia l v iew  o f N ew ton ian  physics m ig h t well 
suggest t h a t  ve loc ities can n o t be ex p ec ted  to  p ro v id e  essen tia l in s ig h t in to  th e  
processes, th e  av e rag e  velocities o f cyclic  m o tions serve now  as a  conv incing  
co u n te rex am p le .

T he size v e rsu s  cycle tim e  re la tio n  o f  S z á d e c z k y -K a r d o s s  [3 ] describes 
n o t on ly  m ech an ica l m otions (his s tr ip  B ), b u t  e lec tro m ag n etic  oscilla tions 
(s trip  A )  a n d  chem ical-b io logical cyclic m o tio n s , as w ell (s tr ip  C) [4]. I t  is 
in te re s tin g  to  n o te  th a t  som e velocities a re  im p o r ta n t p a ra m e te rs  fo r these 
n o n -m ech an ica l p h en o m en a , to o : e le c tro m a g n e tic  w aves can  be ch a rac te rized  
b y  th e  v e lo c ity  o f  l ig h t — a fu n d a m e n ta l c o n s ta n t  o f physics — w hile chem ical 
cycles b y  chem ical reac tio n  ra te s  — i.e . speed s o f  th e rm o d y n a m ic  processes. 
T hus, we are  fu lly  ju s tif ie d  in  reg a rd in g  th e  size versus cycle tim e  re la tio n , 
R {T), as a  re a lly  p h y sica l d iag ram  c h a ra c te r is tic  o f ty p ic a l m o tions o f in d iv id ­
u a l ob jec ts  in  eq u ilib rium .

D a ta  o f  th e  re la tio n  R (T )  reveal th e  cu rious fa c t t h a t  th e  overw helm ing  
m a jo rity  o f  m ech an ica l (m ostly  a s tro n o m ica l)  m otions h av e  velocities in  a 
re la tiv e ly  n a rro w  ran g e  o f orders o f m a g n itu d e . S till th e  above equ ilib riu m  
eq u a tio n s  m ak e  i t  c lea r th a t  s tab le  o b jec ts  m ig h t in  p rinc ip le  ex is t also w ith  
com plete ly  d iffe re n t velocities. T he law s o f  N a tu re  w ould  eq u a lly  p e rm it th e  
presence o r absence  o f  s tr ip  B. I ts  o b v io u s ex istence  is th u s  e ssen tia lly  u n e x ­
p la ined  b y  c u rre n t th e o ry . W e have to  a c c e p t s tr ip  В  as be ing  e q u iv a le n t to  
som e p ro p e rly  chosen  cosm ological in i t ia l  cond itions. T h is c ircu m stan ce  
m akes th e  d iag ram  R (T )  — and  its  possib le  tra n sfo rm e d  v e rs io n  — v e ry  in fo r­
m ativ e  an d  v a lu a b le  from  a cosm ological p o in t  o f view . One c a n n o t he lp  being  
v e ry  m uch  im p ressed , if  N a tu re  show s p ro m in e n t reg u la ritie s  in  such  cases 
w hen  know n law s o f  physics do n o t g u a ra n te e  th e m  ! T he d iag ram  R (T )  is, o f  
course, n o t o n ly  a  g re a t su rp rise  for sc ie n tis ts , b u t  also a possib le k ey  o f  fu r th e r  
d evelopm en ts to w a rd s  find ing  “ b e tte r  law s”  o f  N a tu re  t h a t  m ay  c la rify  th e  
th e o re tic a l b a c k g ro u n d  o f these  re g u la ritie s . R ea lly , i t  w as a lre a d y  a c e n tu ry  
and  a h a lf  ago th a t  L aplace d ram atized  so s tro n g ly  th e  d ifference b e tw een  ini-
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t ia l  c o n d itio n s  and  dynam ic  law s a n d  to d a y  th e  d ream  o f exp la in in g  in i t ia l  
c o n d itio n s  is  as fa r  from  re a liz a tio n  as ever [5].

L e t  u s  consider b rie fly  th e  consequences o f th e  ex istence  o f s tr ip  B , i.e . 
an  a lm o s t  lin e a r  dependence b e tw e e n  log R  a n d  log  T  fo r m echan ical m o tio n s . 
F ro m  th e  d iag ram  R (T )  we c a n  ea s ily  c o n s tru c t th e  d iag ram s v(R) or v(T) and  
a(R) a n d  ev e n  d iagram s d e sc rib in g  tim e  d e riv a tiv e s  h ig h er th a n  th e  f i r s t  (t>) 
or th e  se c o n d  (a). In  th e  id e a liz e d  case o f s tr ic t ly  c ircu la r sa te llite  o rb its  th e  
fo llo w in g  fo rm u la  gives all t im e  d e riv a tiv e s  as fu n c tio n s  o f R

lg  R (n) =  (1 — n) • lg  R  +  c o n s tn ,

w h ere  s ta n d s  for th e  re-th t im e  d e r iv a tiv e  o f  R  an d  th e  ad d itiv e  c o n s ta n t  
d e p e n d s  o n  th e  num ber o f  d if fe re n tia tio n s . T h e  ab o v e  fo rm u la  can  be  t r a n ­
sc rib e d  u s in g  T  as in d e p e n d e n t v a r ia b le  w ith o u t a n y  essen tia l change o f  th e  
fu n c t io n a l  fo rm  because log R  ~  log  T. P u t t in g  n  =  0, 1, 2, . . . in to  o u r  e x ­
p re ss io n  w e  see th a t  s tr ip  В  o f  th e  re la tio n  R (T )  is g iven  a p p ro x im a te ly  b y  a 
lin e a r  s e c tio n  w ith  a slope o f  45 deg rees (ex cep t fo r th e  s lig h tly  b en d in g  to p  o f  
th e  c u rv e ) , th e  re la tio n  v(R ) is g iv en  b y  a h o riz o n ta l line co rrespond ing  to  a 
c o n s ta n t  v e lo c ity , th e  d iag ram s a(T )  an d  F (T )  a re  ag a in  lin ea r  ones b u t  w ith  
a slo p e  o f  —45 degrees, w hile a ll th e  h igher d e riv a tiv e s  are  described  also b y  
d e sc e n d in g  lin ea r  sections w ith  la rg e r  and  la rg e r ab so lu te  v a lues o f th e  slope as 
th e  n u m b e r  o f  d iffe ren tia tions in creases . Possib le  v io la tio n s o f th is  sim ple ru le  
can  o n ly  b e  due to  d ev ia tio n s o f  th e  sa te llite  o rb it from  th e  s tr ic tly  c irc u la r  
one — w h ic h  is of course n e c e ssa ry , i f  th e  c e n tra l o b jec t itse lf  is n o t e x a c tly  
sp h e r ic a l. T hese  connections a re  so sim ple as fa r  as we re s tr ic t  ourselves to  th e  
tr a n s fo rm a tio n s  of th e  lin ea r  p a r t  o f  th e  o rig inal s tr ip  B.

W e  conclude  th a t  s tr ip  В  d escribes p h y sica lly  im p o r ta n t b u t  u n e x p la in e d  
re g u la r i t ie s  n o t  only in  th e  v e lo c itie s  o f  m echan ical o b jec ts , b u t  in  th e ir  acce le r­
a tio n s  a n d  s tab iliz ing  forces, as w ell.

II. Disequilibrium and Entropy

— G lobal C o n d itio n s for th e  U n iverse  —

A cco rd in g  to  th e  G enera l T h e o ry  of R e la tiv ity  g ra v ita tio n a l an d  in e r t ia l  
e ffe c ts  (d esc rib ed  as sp ace -tim e  effects) becom e d o m in a n t over an d  ab o v e  a 
w e ll-d e f in e d  critical th re sh o ld  size an d  exclude  a n y  equ ilib riu m  o r r e p e a te d  
cy c lic  m o tio n  n ear eq u ilib riu m  in  th o se  ranges o f  sizes. I n  such  cases e ith e r  a 
g r a v i ta t io n a l  collapse in  th e  fu tu re ,  or — its  tim e  rev e rsed  ph en o m en o n  — 
a B ig -B a n g  in  th e  p a s t are  re q u ire d  b y  th e  th e o ry . U sing a su itab le  m easu re  
o f  r a d ia l  d is tan ce , r, th e  th re sh o ld  — th e  so-called  “ tra p p in g  len g th ”  — c a n  be 
e x p re sse d  as [6 ]

r ^  ( 8 7rGe/3c2) - 1'2.
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T h e  d iseq u ilib riu m  co n d ition  is, th e re fo re , an  in e q u a lity  b e tw e e n  th e  lin ea r 
size a n d  th e  m a tte r  d en sity  o f  th e  o b je c t o r dom ain  considered . D isreg ard in g  
th e  m in o r effec ts  due  to  n o n -E u c lid ean  g eo m e try  one m ay  s im p ly  w rite

an d

г оЯ
2 GM

T h u s, we h av e  show n th a t  th e  d iseq u ilib riu m  cond itio n  can  in tu i t iv e ly  be  in te r ­
p re te d  as exclud ing  o b jec ts  o r dom ains in  s te a d y  s ta te , i f  th e y  a re  in sid e  th e ir  
“ S chw arzsch ild  ra d ii” . I t  is to  be n o te d  t h a t  th e  above co n d itio n  h o ld s  t ru e  in  
th e  sam e m a th e m a tic a l form  b o th  fo r iso la te d  o b jec ts  su rro u n d ed  b y  a n  e m p ty  
o u te r  space an d  fo r an y  a rb itra r ily  chosen  dom ain  em b ed d ed  in  a  boundless 
U n iverse .

T h e  p re se n t average d e n s ity  o f  th e  U niverse  is ab o u t 1 0 ~ 30 g /cm 3. The 
tr a p p in g  le n g th  th a t  co rresponds to  th is  d e n s ity  is o f th e  o rd e r  o f  1028 cm ,

w hich  is close to  th e  so-called H u b b le -ra d iu s , R H =  , w here  H  is th e  H ubble-
H

c o n s ta n t. T h is m eans th a t  th e  U n iverse  c a n n o t re s t in  s ta tic  e q u ilib riu m , or 
o sc illa te  a ro u n d  i t ,  i f  its  ex tensions exceed  th e  above o rder o f  m a g n itu d e . E v en  
if  th e re  w ere a rb itra r ily  large cosm ic rep u ls iv e  forces, th e y  cou ld  n o t  su ffice  to  
c o u n te rb a la n ce  g ra v ita tio n  an d  e s ta b lish  eq u ilib riu m  in  la rg e  en o u g h  regions. 
T ak in g  in to  co n sid e ra tio n  th a t  th e  a c tu a l large-scale rep u ls iv e  forces in  th e  
U n iverse  a re  neg lig ib ly  sm all, an d  o b se rv a tio n s  in d ica te  an  in c rea s in g  degree 
o f u n ifo rm ity  in  th e  d is tr ib u tio n  o f  g ra v ita tin g  cosm ic m a tte r  in  la rg e r  and 
la rg e r d is tan ces  u p  to  th e  o rd e r o f  th e  H u b b le -rad iu s , we m ay  b e  fa ir ly  sure 
to  live in  a n o n -s ta tic  U niverse  th a t  s ta r te d  ex p an d in g  from  a B ig -B an g . The 
o bserved  ex p an sio n  o f  th e  U niverse  is o n ly  an  in d ep en d en t c o rro b o ra tio n  of 
th e  th e o re tic a l p red ic tio n . One m a y  a d d  to  th e  above e s tim a te s  t h a t  th e  ob­
serv ed  m icrow ave b ack g ro u n d  ra d ia tio n  is k n o w n  to  change its  e n e rg y  d en sity  
an d  g ra v ita tio n a l effect v e ry  ra p id ly  d u r in g  th e  expansion  o f  o u r cosm ic n e igh ­
b o u rh o o d , so th a t  a t  th e  tim e  o f em ission  o f  th a t  ra d ia tio n  (w h ich  is d irec tly  
o bserved  now  !) th e  tra p p in g  le n g th  w as co n sid e rab ly  sm aller t h a n  th e  reg ion  
scan n ed  b y  o u r m odern  rad io  te lescopes. F u r th e r  evidences w h ich  com e from  
th e  o bserved  ab u n d an ce  o f th e  relic  h e liu m  (and  o th e r chem ica l e lem ents) 
p ro d u ced  b y  th e  cosm ological nucleogenesis in  th e  h o t ea rly  U n iv e rse  s tro n g ly  
suggest th a t  in  th o se  tim es even  th e  m a t te r  o f  a  single p re se n t g a la x y  should  
h av e  b een  s i tu a te d  inside a g ra v ita tio n a lly  tra p p e d  region, i.e . co u ld  n o t  have 
b een  in  s tab le  s ta te  or in  o sc illa to ry  m o tio n  a ro u n d  it .  This is a lm o s t eq u iv a len t
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to  sa y in g  t h a t  each  in d iv id u a l g a lax y  — a s ta t io n a ry  o b je c t now adays — sh o u ld  
h a v e  o r ig in a te d  from  th e  cosm ological B ig -B ang , a s in g u la r p rim o rd ia l s ta te  
o f th e  n o n -s ta tio n a ry  U n iv erse .

O ne ca n  ca lcu la te  fro m  E in s t e in ’s eq u a tio n s  t h a t  th is  globally  s in g u la r 
s ta te  to o k  p lace  a b o u t 15 b illio n  y ea rs  ago. T he “ ex p an sio n  age”  so o b ta in ed  is

n o t m u c h  sh o rte r  th a n  th e  H uBBLE-tim e, T H =  —— . N o cyclic phenom ena w ith
H

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 b y  now. This is to be accepted  
as an absolute theoretical space and time lim itation fo r  cosmic cyclicities at 
present [2]. The sizes o f the largest actual equilibrium configurations (clusters 
of galaxies) are “subcritical” by  several orders of magnitude, while their cycle 
times (orbital periods o f 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 o f the logical consistency and 
reliability of our cosmological picture and the theory behind it, the General 
R elativ ity .

O n th e  basis o f  a ll th e  fa c ts  sa id  above one ca n  m a rk  o u t u p p er b o u n d a rie s  
fo r th e  size versu s  cycle t im e  re la tio n , R (T ),  a t  th e  values of th e  H u b b l e  
le n g th  a n d  H u b b l e  t im e . I t  is , how ever, obv ious t h a t  one m ore d iv id ing  line  
c a n  b e  p re sc rib ed  fo r th is  d iag ram , if  one ta k e s  in to  acco u n t th e  eq u ilib riu m  
c o n d itio n s  p re sen ted  in  th e  p rev io u s Section. I n  v iew  o f  th e  fac t th a t  no o b je c t 
c a n  s ta b iliz e  i tse lf  b y  a v e lo c ity  la rg e r th a n  t h a t  o f  th e  lig h t, an d  no s ta b le  
eq u ilib r iu m  c o n fig u ra tio n  c a n  occur inside i ts  S chw arzsch ild -rad ius , th e re fo re  
th e  re g io n  o f  th e  d iag ram  R (T ) above s trip  A  t h a t  co rresponds to  lig h t v e lo c ity  
is a lso  fo rb id d e n  fo r s ta b le  o r o sc illa ting  ob jec ts  [2]. N o te  th a t  th is  new  (d ia g ­
onal) c r i t ic a l  line is ju s t  f i t te d  to  th e  in te rsec tio n  p o in t o f th e  h o rizo n ta l a n d  
v e r tic a l b o u n d a rie s , b ecau se  th e  H u b b le  le n g th  a n d -tim e  are re la te d  to  each  
o th e r  b y  l ig h t signals.

G en era l R e la tiv ity  req u ire s  th e  occurence o f a s in g u la r cosm ological s i tu a ­
tio n  w ith  in f in ite  v a lu es  o f th e  sp ace-tim e c u rv a tu re  a n d  energy  d en sity . T h e re  
has b e e n  m u ch  sp ecu la tio n  w h e th e r  th is  su rp ris in g  conclusion  is n o t m ere ly  
due to  som e o v ers im p lifica tio n  o f  th e  m a th e m a tic a l eq u a tio n s  or in a p p lic a b il­
i ty  o f  th e  th e o re tic a l basis  in  su ch  ex trem e  cases. I n  th is  connection  i t  is im ­
p o r ta n t  to  know  th a t  th e  g ra v ita tio n a l “ tra p p in g ”  d ed u ced  in  th e  la s t decades 
is a co n c lu sio n  p ra c tic a lly  in d e p e n d e n t o f a ll feasib le  sim plify ing  con d itio n s 
used  in  th e  earlie r s tu d ie s  [7]. O n th e  o th e r h a n d , i t  is generally  agreed  t h a t  
th e  a lm o s t s in g u la r s ta te s  a re  o n ly  poorly  tr e a te d  b ecau se  o f th e  absence o f  a 
c o n se q u e n t q u a n tu m  th e o ry  o f  g ra v ity . N everthe less, a  m o st g enera l th e rm o d y ­
n am ic  p rin c ip le , t h a t  o f  th e  in crease  o f en tro p y  in  irrev ers ib le  processes, c an  
p ro p e rly  be  used  to  d e m o n s tra te  th a t  no m ore th a n  a f in a l n u m b er of in c reasin g
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cycles a re  feasib le, even if  we re je c t G eneral R e la tiv ity  in th e  im m e d ia te  v ic in ­
i ty  o f  th e  singu lar B ig -B ang  [1].

W hile  our c u rre n t global th e o ry  o f  th e  U niverse  appears to  b e  in c o m p a t­
ib le  w ith  th e  su p p o sition  o f an  in f in ite  n u m b e r  o f cycles of all d o m a in s  e x te n d ­
ing b e y o n d  th e ir  tra p p in g  len g th , in c lu d in g  th e  U niverse as a  w h o le , th e  sam e 
law s p e rm it — or even req u ire  — a p ra c tic a lly  or s tric tly  in f in i te  n u m b e r  of 
cycles fo r  in d iv id u a l local o b jec ts  t h a t  do n o t re a c h  th e  critica l sizes co rre sp o n d ­
in g  to  th e ir  densities. To p rove th is  one can  com bine th e  s ta te m e n t o f  th e  p re ­
v ious S ec tio n  on th e  necessity  o f q uasi-cyclic  beh av io u r o f in d iv id u a l  cosm ic 
sy stem s w ith  th e  re su lts  o f  H a w k in g  [8], accord ing  to  w hich  th e  U niverse  
shou ld  b e  v e ry  sim ilar to  th e  s im p le s t possib le  in d efin ite ly  e x p a n d in g  w orld 
m odel w ith  E uc lidean  space , th e  so-ca lled  E in s t e in —de  Sit t e r  m o d e l, o th e r­
w ise g ra v ita tio n a l co n d en sa tio n  cou ld  n o t  h a v e  produced  th e  a s tro n o m ic a l 
o b jec ts  (o f s tr ip  B) an d  th e  b io logical o b jec ts  (o f s trip  C). F o r th e s e  o b jec ts  to  
becom e possib le , th e  U niverse  sh o u ld  be  closely  iso tropic, h o m o g en eo u s and 
shou ld  be  ex p an d in g  a lm o st e x a c tly  a t  th e  c ritic a l ra te , so t h a t  th e  “ k inetic  
en erg y  o f  ex p an sio n ”  an d  th e  “ g ra v ita tio n a l p o te n tia l energy  o f  th e  cosmic 
m a t te r ”  b e  in  an  alm ost p e rfec t b a lan ce . (H ere  p re -re la tiv is tic  n o tio n s  h a v e  been 
used  fo r v isu a liza tio n .) I n  acco rdance  w ith  H a w k in g ’s re q u ire m e n t th e  p resen t 
d a y  astro n o m ica l o b se rva tions seem  to  fa v o u r  v e ry  strong ly  an  e v e r  e x p an d in g  
U n iv erse  w ith  a n e g a tiv e  space c u rv a tu re  q u ite  close to  zero. H o w e v e r, m uch 
s tra n g e  i t  m a y  sound , a ll evidences in d ic a te  th a t  negligibly sm a ll a n d  sh o r t­
liv in g  o b jec ts  o f  s tr ip  C c an  on ly  be  re a so n a b ly  s itu a te d  in  a s p a tia l ly  in fin ite  
U n iv e rse  w ith  an  in f in ite  fu tu re  an d  v e ry  specia l an d  regu lar in i t ia l  co n d itio n s 
n e a r  th e  p a s t  B ig-B ang ! (“ T here  is no  ro o m  fo r us in  a sm a lle r  cosm os” ). 
S u b s ta n tia l  irreg u la ritie s , like c lu s te r, p la n e ts  an d  people m ig h t h a v e  ap p eared  
on ly  d u rin g  th e  la te  ev o lu tio n  o f  a n  a lm o st reg u la r early  w orld .

A slig h tly  p e r tu rb e d  bound less “ im b ed d in g ”  U niverse w i th o u t  p e rm a ­
n e n t o sc illa tions a ro u n d  som e eq u ilib riu m  s ta te ,  and  negligibly sm a ll  sp a tia lly  
an d  te m p o ra lly  lim ited  in d iv id u a ls  (“ in h a b i ta n ts ” ) w ith  e q u ilib ria  a n d  oscil­
la tio n s  seem  to  be in  a “ q u asi-d ia lec tic”  in te rd ep en d en ce  — b e in g  m u tu a lly  
co n d itio n a l upon  each o th e r  in  a log ical sense, according to  c o n te m p o ra ry  
physics.
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У Н И В Е Р С А Л Ь Н А Я  Ц И К Л И Ч Н О С Т Ь  В Н Е Ц И К Л И Ч Н О Й  В С Е Л Е Н Н О Й

Г. ПААЛ

Ре з юме

Р ассм атриваю тся ф и зи ч е с к и е  принципы, о бу сл о в л и в аю щ и е  цикличны е я в л е н и я . 
У с л о в и я  цикличного п о в ед ен и я  предм етов, объектов о гр ан и ч и в аю тся  до услови й  р а в н о ­
в е с и я , о т  которы х за в и с я т  гео м етр и ч еск и е  размеры и п л о т н о с ти  вещ ества. А втор с та ть и  у к а ­
зы в а е т  н а  то , что ци кл и чн о сть  я в л я е т с я  свойством, п р и су щ и м  косм ическим  систем ам , есл и  
он и  н е  слиш ком  вели ки  д л я  т о г о , чтобы быть с та б и л ьн ы м и  (наприм ер, сам а в сел ен н ая). 
Т а к и м  образом , соотнош ение р а зм ер о в  косм ических о б ъ ек т о в  с  периодом их ци кл и чн о сти  
л и м и ти р у е тс я  временем Х а б б л а , расстоянием  Х аб б ла  и  с к о р о с т ь ю  распространени я света .

A cta  Gcologica Aeademiae Scientiarum  Hungaricae 23, 1980



Acta Geologica Academiae Scienliarum Hungaricae, Vol. 23 (1 —4), pp. 129 — 138 (1980)

LARGE NUMBER COINCIDENCES AND  
THE COSMIC EVOLUTION1

By

G. P aAl

KONKOLY-OBSERVATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

A “ large num ber of dimensionless large num bers”  are found to  ap p ea r in  N ature 
in  conform ity w ith  a non-random  p a tte rn . Some regularities in th e ir  d is tribu tion  are 
discussed in the fram ew ork of bo th  the  s tan d ard  E inste in—Friedm ann ty p e  worldmodels 
and of D ib a c ’s cosmology. Physical, astronom ical, geological and biological consequences 
are noticed.

I. Basic Data and their Connections

I n  th e  p re sen t co m m u n ic a tio n  som e considera tions are  m a d e  concerning 
th e  h ie ra rch y  o f cosm ic s tru c tu re s  a n d  th e ir  cosm ologically  e x p e c te d  evolu tion . 
To s t a r t  w ith  we sk e tc h  a  few  d iag ram s i l lu s tra tin g  some re m a rk a b le  em pirical 
co rre la tio n s be tw een  v a rio u s  observ ab le  p a ra m e te rs  of th ese  s t ru c tu re s .  R ela­
tio n s  an d  num erica l co incidences, p ro m in e n t in  th ese  d iagram s b u t  u n ex p la in ed  
b y  c u rre n t theo ries, w ill be  reg a rd ed  as gu ides to  plausib le im p ro v e m e n ts  or 
ex ten sio n s o f o u r th e o re tic a l p ic tu re .

F ig u re  1. show s th e  sch em a tic  g ra p h ic a l re p re se n ta tio n  o f  th e  following 
em p irica l co rrelations : th e  s ta tis t ic a l  re la tio n  be tw een  cycle t im e , T , a n d  linear 
size, R ,  for v e ry  d iffe ren t o b jec ts , in c lu d in g  astronom ical, geo log ica l a n d  bio­
log ica l ones, as g iven  in  [1] (u p p er r ig h t q u a r te r ) , th e  size-m ass r e la t io n , R (M ), 
o f th e  sam e ob jec ts on  th e  basis  o f  [2, 3] (u p p e r  le f t q u a rte r) , th e  a n g u la r  mo­
m e n tu m  to  m ass re la tio n , P (M ),  fo r a s tro n o m ica l ob jects a n d  e le m e n ta ry  p a r­
tic les  follow ing [4, 5] (low er le f t q u a r te r ) , a n d  — to  close fo rm a lly  th e  cycle of 
d iag ram s — th e  a n g u la r  m o m en tu m  v ersu s cycle tim e  re la tio n  d e te rm in e d  by 
th e  fo rm er re la tio n s (low er r ig h t q u a rte r) .

T he re la tio n  R (T )  is lim ited  b y  th e  H u b b le  tim e T „  =  (H  be ing  the
H

H u b b l e  co n stan t) a n d  th e  H u b b le  d is ta n c e  R H =  c * T H, a p p ro x im a te ly  
e q u a l to  th e  rad iu s  o f  th e  g ra v ita tio n a lly  “ tra p p e d  surface”  in  t h e  expand ing  
U n iverse , R a cx  (8  nGg/3 c2) ~ 1/2 [6 , 7]. T h ro u g h o u t th is  p ap er c is th e  l ig h t  veloc-

1 Received 15, 1, 1979.
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i ty ,  G th e  N ew tonian  c o n s ta n t  o f  g rav ity  an d  о t h e  average  m ass d e n s ity  of 
th e  U n iv e rse . A nother l im it  fo r  th e  relation  R{T)  is , o f  course, th e  d iagona l line

R \
c o rre sp o n d in g  to  th e  v e lo c ity  o f  lig h t —  ^  c . A n y  o b je c t collapses to  fo rm  a

b la c k  h o le , i f  its  r e p re s e n ta t iv e  p o in t on th e  d ia g ra m  R (T )  crosses th is  c r itic a l 
lin e  b y  m oving  from  r ig h t  to  le f t .  In  th is d iag ram  p o in ts  describ ing s ta b le  ob ­
je c ts  a lig n  them selves a ro u n d  tw o  d istinc t q u a s i-p a ra lle l line (“ fa s t”  and  “ slow ” ) 
s e p a ra te d  from  th e  c r itic a l l in e  b y  a distance ro u g h ly  correspond ing  to  4 an d  
16 o rd e rs  o f m agn itude  in  v e lo c ity . The position  o f  th e  “ fa s t”  line is co m p le te ly  
u n e x p la in e d  by  any  th e o ry  a c c e p te d  in  physics [7].
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C o n tra ry  to  th e  p lo t H (T ), th e  d iag ram  R (M )  does n o t  d is tin g u ish  betw een 
“ fa s t”  (m ostly  a s tro n o m ica l) an d  “ slow”  (m o stly  geological a n d  biological) 
o b jec ts , i t  un ifies th e ir  g rap h ica l re p re se n ta tio n  in  a re m a rk a b ly  n a rro w  and 
long  line e x ten d in g  fro m  th e  hyd rogen  a to m  to  g ia n t s ta rs  a n d  co v erin g  a mass 
ran g e  o f ab o u t 59 o rd e rs  o f  m ag n itu d e . T h is line  co rresponds to  a n  ap p ro x im a te ­
ly  c o n s ta n t d e n s ity  o f  th e  o rd er o f 1 g /cm 3, o r slig h tly  m ore . T h e  slope o f th is 
line on  th e  lo g a rith m ic  d iag ram  follows from  th e  re la tio n  M  ~  R 3. N o te  a s tr ik ­
ing  c o n tra s t b e tw een  th e  fo rm er d iag ram  a n d  th e  p re se n t o n e : th e  astronom ical 
b ra n c h  o f th e  fo rm er is sm o o th  up  to  th e  re p re se n ta tiv e  p o in ts  o f  th e  largest 
sy stem s, w hile th e  o n ly  b ra n c h  o f th e  la t te r  show s an  a p p a re n t  d isco n tin u ity  
w ith  a ju m p  o f sev e ra l o rders o f  m ag n itu d e , as we pass fro m  s ta rs  stab ilized  
b y  im m ed ia te  p a r tic le  in te ra c tio n  to  s te lla r  sy stem s “ s ta b iliz e d ”  b y  o rb ita l 
m o tions. T he reaso n  fo r th e  ex istence  o f th is  ju m p  lies in  th e  fa c ts  th a t  larger 
s ta rs  can n o t be s ta b le  [3] an d  in d iv id u a l s ta rs  o f  u n it  d e n s ity  in  a c lu ste r need 
m u ch  “ e m p ty ”  in te rs te l la r  space fo r p ro longed  free o rb ita l m o tio n . C urrent 
th eo rie s  are  cap ab le  o f  exp la in in g  th e  m a jo r ity  o f  th e  d a ta  o n  th e  d iagram  
M (R ), ex cep t fo r th e  e x a c t positions o f th e  s te lla r  system s [3, 6 ]. Tw o critical 
lines a p p ea r in  th e  re la tio n  R (M ). One o f  th e m  co rresponds to  th e  Schwarz- 
sch ild -rad ius R s  =  2GM /c2 d e linea ting  th e  reg io n  o f b lack  ho les from  th a t  of 
s ta b le  o b jec ts , w hereas th e  o th e r one co rresponds to  th e  e q u a tio n  h • c/X =  
=  m0 • c2 ap p licab le  to  a to m ic  nuclei. (H ere  an d  below  h d en o te s  th e  P l a n c k - 
c o n s ta n t, X th e  w av e len g th  and  m0 th e  r e s t  m ass o f  th e  p a rtic le .)

T he em pirica l d iag ram  P (M )  reveals th e  th e o re tic a lly  u n e x p la in e d  fact 
t h a t  m ost a s tro n o m ica l ob jec ts  (from  p la n e ts  to  galaxies a n d  th e ir  clusters) 
obey  a un ique  re la tio n  t h a t  can  be expressed  in  CGS u n its  as P  Qsd 2 .4  • 10~15M 2 
w ith  a  s ta tis tic a l u n c e r ta in ty  n o t exceeding one o rd er o f m a g n itu d e  [5, 8 ]. The 
v a lu es  o f  an g u la r m o m e n tu m  and  m ass fo r th e  p ro to n , th e  e le c tro n  an d  some 
fam ilies o f e le m e n ta ry  p a rtic le s  are  also show n in  th e  d iag ram  acco rd in g  to  [4]. 
(H ere  th e  n o ta tio n  P  — %/2 =  h/4-л is used .) I n  ad d itio n  to  th is  th e  d iagram  
p re sen ts  th e  th e o re tic a lly  fo u n d  lim itin g  v a lu e  o f  P  for e x tre m e ly  fa s t  ro ta tin g  
b lack  holes, to o , as a fu n c tio n  o f th e  m ass o f  th e  o b jec t (d a sh ed  lin e). This line 
is d e te rm in ed  b y  th e  fo rm u la  P /M 2 =  G/c =  2.23 • 1 0 -18 cm 2 • g • s -1  [6 , 9]. 
T he expressions

P /M 2 =  R V /M  =  G /V  > G/c

m ake i t  clear t h a t  th e se  a stronom ica l d a ta  are  essen tia lly  e q u iv a le n t to  those 
o f th e  astro n o m ica l b ra n c h  o f th e  re la tio n  R (T ).

I n  th e  fo llow ing we sh a ll id en tify  in  o u r d iag ram s th e  fam o u s la rg e  d im en­
sionless n u m b ers , th e  so-called  E d d in g t o n —D ira c  n u m b ers , t h a t  a re  know n to 
a p p e a r in  severa l re la tio n s  o f  N a tu re  and  serve  as a basis fo r D ir a c ’s cosm olog­
ica l consid era tio n s [10 , 1 1 ]
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T h e  ho rizon ta l an d  v e r t ic a l  c o n to u r  lines lim itin g  th e  p h y sica lly  p e rm itte d  
re g io n  o f  th e  d iagram  R (T ) c o v e r  a b o u t 40 orders o f  m a g n itu d e . T hese len g th s  
o n  th e  lo g a rith m ic  p lo t c an  b e  in te rp re te d  as exp ressing  th e  ra tio  o f th e  e x p a n ­
s io n  t im e  o f th e  U niverse to  a n  a to m ic  tim e u n it, e2/m c3 =  0.95 • 10 ~23 s, an d  
th e  H u b b l e  leng th  d iv id ed  b y  th e  classical rad iu s  o f  th e  e lec tron , e^m c2 =  
=  2 .8  • 10 _13 cm. (H ere e a n d  m  a re  th e  charge a n d  m ass o f  th e  e lec tro n .) 
O b v io u s ly , th e  size o f th e  p e r m it te d  region o f th e  d ia g ra m  R (T )  increases w ith  
th e  a to m ic  tim e according b o th  to  th e  s ta n d a rd  re la tiv is tic  cosm ology an d  to  
th e  D ir a c  m odel.

S e v e ra l simple ex p re ss io n s  o f  D irac’s large n u m b e rs  ap p ea r in  th e  d ia ­
g ra m  R (M ).  One can ag a in  c o n s id e r  ho rizon ta l a n d  v e r tic a l co n to u r lines de­
f in e d , e .g . b y  th e  m ass a n d  size  o f  th e  p ro to n  an d  th o se  o f  th e  “ o b servab le  
U n iv e r s e ” , i.e. th e  causa lly  c o n n e c te d  p a r t  o f th e  U n iv e rse  w ith in  o u r m o m en ­
t a r y  h o riz o n . The m ass ra n g e  d e p ic te d  in  th is  w ay  is a b o u t 1080, w hile th e  ran g e  
o f  s izes is  close to  th e  sq u a re  ro o t  o f  th is  q u a n tity :  1040. In s te a d  of th e  n u m b e r 
o f  p ro to n s  (or baryons) w ith in  th e  horizon , one can  a lso  consider th e ir  n u m b e r 
w ith in  a n o th e r  closely r e la te d  ch a rac te ris tic  d is ta n c e  o f  th e  U n iverse , th e  
H u b b l e  d istance  defined  a b o v e . T h e  resu lt is ab o u t 1078. T h e  c ritica l line  co rre ­
sp o n d in g  to  th e  S ch w arzsch ild -rad iu s  in te rsec ts  th e  h o r iz o n ta l line o f th e  p ro to n  
a t  a b o u t  1039, w hich is su rp r is in g ly  close n o t only to  th e  c h a ra c te r is tic  “ age an d  
s ize”  o f  th e  expanding U n iv e rse , b u t  also to  th e  r a t io  o f  th e  e lec tro s ta tic  an d  
g r a v i ta t io n a l  forces b e tw een  th e  e lec tro n  and  th e  p ro to n  in  a h y d ro g en  a to m : 
e2/G  • m e • mp — 2 • 1039, th e  b a s ic  n u m b er in  D ir a c ’s co n sid e ra tio n s . (me an d  
m p d e n o te  th e  mass o f th e  e le c tro n  an d  th e  p ro to n .) T h u s , i t  can  be seen th a t  
t a k in g  th e  num ber of p ro to n s  w ith in  a ch a rac te ris tic  d is ta n c e  o f th e  U n iverse  a t  
la rg e  sca les  and  div id ing i ts  lo g a r i th m  by  2 , we a rr iv e  a t  th e  o rd er o f  m a g n itu d e  
o f  o th e r  ch a rac te ris tic  n u m b e rs  o f  b o th  the  U niverse  a n d  th e  p ro to n  a n d  even  
t h e  s im p le s t  atom , i.e. th e  sm a lle s t  stab le  n o n -n u c lea r c o n fig u ra tio n  t h a t  can  
b e  b u i l t  u p  o f e lem en tary  p a r t ic le s  b y  long range fo rces . W e can  now  proceed  
in  a  q u i te  sim ilar w ay to  o b ta in  fu r th e r  c h a ra c te ris tic  n u m b ers  for th e  la rg e s t 
s ta b le  con fig u ra tio n s b y  f u r th e r  d iv isions of th e  re m a in in g  in te rv a ls  on  th e  log  M 
ax is  o f  o u r  d iagram . T he f i r s t  n ew  division gives a p p ro x im a te ly  1058'5, i.e . th e  
m a x im u m  num ber of p ro to n s  (a n d  o th e r nuclei) in  th e  la rg e s t possib le  g ia n t 
s ta r s  [12 , 13]. A toms are s ta b iliz e d  b y  th e  stro n g er lo n g  ra n g e  force, th e  e lec tric  
fo rc e , w h ile  sta rs  by  th e  w e a k e r  lo n g  range force, th e  g ra v ity . W e h a v e , th e re ­
fo re , s m a ll  atom s, as “ e lec tric  s t a r s ” , an d  large s ta rs , as “ g ra v ita tio n a l a to m s” , 
re p re s e n tin g  tw o basic e x tre m e  con fig u ra tio n s in  th e  U n iv e rse . T he “ c o n s ta n t 
d e n s i ty  b ra n c h ”  of th e  d ia g ra m  R (M )  covers ju s t  t h a t  59 o rders o f  m a g n itu d e  
w h ic h  se p a ra te  th e  sim p lest a to m  fro m  th e  la rg es t o b je c t s tab ilized  b y  im m e ­
d ia te  p a r tic le  in te rac tio n s . — D iv id ing  again  o u r h o riz o n ta l in te rv a l  ( th a t  
r e m a in s  from  the  larg est s ta r s  u p  to  th e  H u b b le  d is ta n c e ) in to  fu r th e r  tw o  
e q u a l  p a r ts ,  we arrive a t  a v a lu e  o f  10в8,2\  w hich is ju s t  a b o u t th e  o rd e r o f  m a g ­
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n itu d e  o f th e  n u m b e r o f  p ro to n s  in  th e  la rg es t in d iv id u a l galax ies. T h e  fo u rth  
d iv ision  o f  th e  b asic  in te rv a l  leads to  th e  v a lu e  1073, ty p ic a l fo r th e  n u m b e r o f 
b a ry o n s  in  th e  la rg e s t su p erc lu s te rs  of ga lax ies. N o la rg e r co n fig u ra tio n s  seem  
to  ex is t a t  all. A ll the above characteristic orders o f  magnitude fo r  basic cosmic 
structures have been “deduced” by a unique method o f  divisions into two equal 
parts o f the logarithmic diagram R (M ). T he s ta r t in g  v a lu e  o f th e  ab o v e  p rocedure  
w as a  n u m b er c h a ra c te r is tic  o f  th e  U niverse a t  la rg e  scales.

T u rn in g  now  to  th e  re la tio n  P (M ) one f in d s  ag a in  m ore th a n  one c a n d i­
d a te s  on i t  for fu r th e r  occurences o f D ir a c ’s la rg e  n u m b ers  in  th e  d im ension ­
less ra tio s  o f p h y sica lly  im p o r ta n t  q u an titie s  o f  N a tu re . T he v e r tic a l d is tan ces  
b e tw een  th e  c ritic a l lin e  o f  m ax im um  possib le ra t io  o f  P /M 2 fo r e x tre m e ly  fa s t  
ro ta t in g  b lack  holes a n d  th e  p o in ts  rep re sen tin g  th e  p ro to n , som e ty p ic a l fam i­
lies o f  e lem en ta ry  p a rtic le s  an d  th e  e lec tron  g ive  th e  follow ing d im ensionless 
n u m b ers  (cp. [4, 5])

P plmP =  0 .8  • 1038, Р *Ур1тЪр. ^  1038 P ‘!nly . =  3 . i o « .
G/c G/c G/c

I f  th e  sam e p a rtic le s  a re  re la te d  to  th e  a s tro n o m ic a l ob jec ts  acco rd in g  to  th e  
d iag ram  P (M ), th e  fo llow ing  q u an titie s  a p p e a r

P plmP c *  0.7 • 1036, -jjyp-/mtyp. ^  103s — —  c *  3 . 10*1.
-PastrV-^astr. •fastr. /М  aStr. •i>astr./-^astr.

I I .  In te rp re ta tio n s an d  R esu lts

In  th e  s ta n d a rd  p h y s ica l th e o ry  all th e  ab o v e  n u m erica l coincidences 
are  due to  m ere ch an ce , a lth o u g h  m a th e m a tic a lly  som e o f th e m  a re , o f  course, 
n o t  in d ep en d en t o f  each  o th e r . T he m ajo r d if f ic u lty  o f  in te rp re tin g  th e  d a ta  is, 
h ow ever, t h a t  th e  n u m b e rs  d e te rm in ing  th e  o u te r  fram e  o f th e  p h y sica lly  con­
n e c te d  p a r t  o f th e  d ia g ra m  R (M )  are c learly  ch an g in g  — as th e  h o rizo n  an d  
th e  H u b b le  d is tan ce  a re  grow ing in  th e  e x p a n d in g  space o f  a  B ig -B ang  cos­
m ology — w hile sev e ra l in n e r  p a r ts  of th is  d ia g ra m  describe o b jec ts  an d  re la ­
tio n s  depend ing  on  th e  b as ic  physica l c o n s ta n ts  o n ly  an d , as a consequence , are 
to  be  reg a rd ed  as e te rn a l c o n s ta n ts  in  th e  s ta n d a rd  ph y sica l p ic tu re . N e v e rth e ­
less, th e re  ap p ears  to  be  a p ro m in en t co n n ec tio n  be tw een  th e  fram e  an d  th e  
“ c o n te n t”  w ith  su ch  an  accu racy  th a t  th e  in n e r  lines can  even be “ d e d u ced ”  or 
“ c o n s tru c te d ”  p a r t ia l ly  fro m  th e  ou te r fram e . T h e  coincidences becom e p e r­
h a p s  less su rp ris in g , i f  w e accep t th e  ap p ro ach  p ro p o sed  often  re c e n tly  b y  sever-
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a l a u th o r s  saying th a t  “ th e  re g u la ritie s  are  s im p ly  consequences o f  o u r  ow n 
e x is te n c e ” . T here are no su c h  reg u la ritie s  in  o th e r  cosm ological e ras , b u t  th e re  
a re  n o  in te llig e n t observers in  th o se  tim es to  f in d  irreg u la ritie s . T h u s , we 
c a n n o t  see an y th in g  else, b u t  a re g u la r  U n iverse , ev en  th o u g h  n a tu ra l  law s do 
n o t  g u a ra n te e  all th e  o b se rv ed  reg u la ritie s  an d  p e rm it th e m  on ly  in  a  lim ited  
t im e  in te r v a l  [14, 15].

O n e  can , how ever, a v o id  su ch  conclusions in  an  u n c o n v en tio n a l th e o ry  
— in  D ir a c ’s cosm ology [10, 11] — w here th e  b as ic  re la tio n s an d  reg u la ritie s  
s im ila r  to  th o se  found  ab o v e  o n  th e  d iag ram  R (M )  a re  postulated to  h e  p e rm a ­
n e n t  f e a tu re s  of N a tu re . S u ch  a  “ p rincip le  o f co n se rv a tio n  o f re la tio n s”  is a 
c o n se q u e n c e  of D irac’s w e ll-k n o w n  “ L arge N u m b e r H y p o th es is”  a n d  im poses 
s e v e re  re s tr ic tio n s  on th e  n ew  u n c o n v e n tio n a l ph y sics  an d  cosm ology . I n  th is  
lo g ic a l f ra m e  some o f th e  “ c o n s ta n ts ”  o f N a tu re  sh o u ld  in  fa c t be v a ry in g  w ith  
th e  co sm ic  tim e  and  th e  cu rio u s  la rg e  n u m b ers  a re  as large as we f in d  th em , 
b e c a u s e  th e  U niverse is ju s t  a b o u t  1040 a to m ic  t im e  u n i t  old w hen  w e observe  
i t .  T h e  d ia g ra m  R (M )  p o p u la te d  from  e le m e n ta ry  pa rtic le s  u p  to  th e  w hole 
c a u s a l ly  connected  dom ain  o f  th e  U niverse  is ex p an d in g , th e  line  o f  c o n s ta n t 
d e n s i ty  connec ting  th e  a to m s a n d  th e  s ta rs  is in c reasin g  to g e th e r w ith  th e  line 
o f  s te l la r  system s, while th e  c r it ic a l  line o f b lack  holes is being  d isp laced  p a ra l- 
le lly  t o  th e  rig h t. In  earlie r ep o ch s th e  s ta rs  w ere sm alle r an d  in  th e  v e ry  early  
U n iv e rs e  th e y  even o u g h t to  h a v e  been  “ sim ila r”  to  th e  a tom s. F o rm a lly  th e  
w h o le  p ic tu re  becom es feasib le  n e a r  an  a to m ic  tim e  o f th e  o rd er o f  u n i ty ,  w hen  
th e  c a u s a lly  connected  U n iv e rse  w as ju s t  above a  single p ro to n  an d  th e  p ro to n  
w as j u s t  o u ts id e  th e  c ritica l lin e  o f  b lack  holes. O f course, som e o f th e se  fo rm al 
c o n c lu s io n s  m igh t be o v e r in te rp re ta tio n s  o f D ir a c ’s ap p ro ach , b u t  one has to  
go b a c k  w ith  th is  p ic tu re  a t  le a s t  to  th e  tim e  w h en  no v e ry  la rg e  n u m b ers  
o c c u re d  in  N atu re , o th erw ise  one  can n o t p o ssib ly  succeed in  e x p la in in g  th e  
law s o f  N a tu re  in  a sim ple w a y  w ith o u t v e ry  co m p lica ted  basic  p o s tu la te s  in  
a c c o rd a n c e  w ith  D ir a c ’s o r ig in a l aim  [10, 11].

I n  th e  recen t version  o f  D ir a c ’s cosm ological th e o ry  [11] th e  d im en sio n ­
less r a t io s  o f  velocities d e fin ed  b y  th e  d is tan ces  o f  p a ra lle l lines o f th e  d iag ram  
R (T )  a re  not connected  w ith  th e  a fo rem en tio n ed  la rg e  v a ry in g  n u m b e rs : th e  
v e lo c itie s  are  conserved, b u t  th e  ra d ii o f ce lestia l o b jec ts  are  ch an g in g . I n  case 
o f  a ll  p la n e ta ry  and  s te lla r  sy s te m s  th is  change lead s to  a  sh ift of th e  a s tro n o m ­
ica l b r a n c h  of th e  d iag ram  R (T )  in  its  ow n d ire c tio n  w ith o u t m o d ify in g  its 
d is ta n c e  fro m  th e  c ritica l lin e  o f  lig h t ve lo c ity .

L e t  us s tu d y  now  th e  la rg e  d im ensionless n u m b ers  id e n tif ia b le  on th e  
d ia g ra m  R (M ).  T hey  w ill be  u se d  to  d e m o n s tra te  t h a t  even th e  re c e n t v e rsion  
o f  D ir a c ’s cosm ology is to  b e  m o d ified  or re fin ed  to  som e e x te n t. F o r  th is  p u r­
p o se  l e t  u s  consider a w e ll-d e fin ed  ty p e  o f a s tro n o m ica l ob jec ts  t h a t  a re  con­
s e rv e d  p ra c tic a lly  “ for ev e r” , once th e y  w ere fo rm ed : pa irs o f co llapsed  s ta rs , 
fo rm e r  close  b inaries (w ith  m ass tra n s fe r  from  one co m p o n en t to  th e  o th e r  in  an
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e a r lie r  period  o f  th e ir  e v o lu tio n ), w h ich  su ffe red  tw o  collapses la te r  to  fo rm  tw o 
w h ite  dw arfs. S uch  o b jec ts  a re  k n o w n  to  ex is t. T h ey  h av e  fa ir ly  w ell defined  
m asses an d  o rb ita l  rad ii, i.e . p o sitio n s on  th e  d iag ram  R (M )  a t  th e  tim e  o f th e ir  
fo rm a tio n . A p p ly ing  D ir a c ’s fo rm u la  fo r th e  o rb ita l m otions [11], i t  is found  
th a t  a ll th ese  b in a rie s  h a v e  a  com m on  law  o f  fu r th e r  ev o lu tio n  (m ass c rea tio n  
a n d  o rb ita l  ev o lu tio n ). T h e  n a rro w  d o m a in  o f  th e  new ly  fo rm ed  co llap sed  b in a ­
ries  o n  th e  d iag ram  R (M )  co incides w ith  t h a t  o f  th e  collapsed b in a rie s  form ed 
ea rlie r . T he p o sitio n  o f  th is  com m on  d o m a in  sh o u ld  evolve to g e th e r  w ith  th e  
w hole  p a t te rn  o f  th e  d iag ram  R (M )  in  o rd e r to  m a in ta in  th e  n u m e ric a l re la tio n s  
o f  N a tu re  u n a lte re d  (and  also to  av o id  se lec tin g  p a r tic u la r  epochs w ith  th e ir  
c h an g in g  re la tio n s  [16]). T h e  m a x im u m  a n d  m in im um  se p a ra tio n s  o f  th ese  
b in a r ie s  are  close to  each  o th e r  in  o rd e r  o f  m ag n itu d e . N ear th e  t im e  o f  collapse 
b o th  ex trem e  ra d ii are o f  th e  o rd e r  o f  m o m e n ta ry  rad ii o f  g ia n t s ta r s  ( th e  p re ­
decessors o f  co llapsed  ob jec ts), w h ich  is a b o u t 1024 a tom ic d is ta n c e  u n its  a t  
p re se n t. T h is o rd e r o f m a g n itu d e  can  be  exp ressed  ro u g h ly  as t3/s, w here  t is 
th e  p re se n t “ a to m ic  age o f  th e  e x p a n d in g  U n iv e rse” , i.e. a b o u t 1040. T h e  5/3 
p ow er o f th e  fo rm er q u a n t i ty  gives th e  ex p an sio n  age, c o n se q u e n tly  th is  
p ow er shou ld  v a ry  in  p ro p o rtio n  w ith  i t  acco rd in g  to  th e  L arge N u m b e r H y p o th ­
esis [10 , 11 ] a n d  th e  rad ii th em se lv es  sh o u ld  increase a p p ro x im a te ly  as 
13/5 [13], o therw ise  th e  m o m e n ta r ily  w id es t (o r n arrow est) co llap sed  b in a ry  
w ould  ex p an d  m uch  fa s te r  (or slow er) th a n  th e  m ax im um  (o r m in im u m ) of 
all o rb ita l ra d ii o f  co llapsed  b in a rie s  tu rn in g  u p  in  th e  U n iv erse  a t  a  g iven 
tim e , an d  th is  w ould  c learly  be  a se lf-co n trad ic tio n . O ur conclusion  concern ing  
th e  pow er law  o f  o rb ita l ra d ii seem s in e scap ab le , i f  th e  co llapsed  o b jec ts  con­
tin u e  to  ex is t fo r  a cosm ologically  co n sid erab le  tim e . N ow  w e q u o te  D ir a c ’s 
fo rm u la  in  an  ex p lic it fo rm  to  describe  th e  o rb ita l  m otion  o f b in a rie s  in  a tom ic  
u n its  o f  len g th  an d  tim e :

G • M  =  V2 • r .

(H ere  G is th e  m o m e n ta ry  va lu e  o f  th e  N ew to n ian  c o n s tan t o f  g ra v ity , M  th e  
m ass o f  th e  s ta r , v th e  o rb ita l v e lo c ity  a n d  r th e  rad iu s  o f th e  o rb it  — supposed  
to  b e  c ircu la r fo r sim p lic ity ). C onsidering  t h a t  G is know n to  v a r y  like  f_1 
a n d  v is in d e p e n d e n t o f  tim e  in  th e  re c e n t v e rs io n  o f D ir a c ’s cosm ology , i t  
follow s th a t  M  shou ld  v a ry  a p p ro x im a te ly  as tl e ! (N ote th a t  i f  M  w ere  p ro p o r­
tio n a l  to  t1'5, d eg en era te  co llapsed  s ta rs  m ig h t rem ain  as su ch  fo r  ev e r [3, 9]. 
I f , h o w ever, M  ~  t1'6, th e y  a re  d e s tin e d  to  ap p ro ach  slow ly a  s i tu a tio n  le a d ­
ing  to  a fu r th e r  collapse to  a b lack  hole. O n th e  o th e r h a n d , one c a n  easily  see 
th a t  b lack  holes can n o t g e t o u t o f  th e  h o rizo n  ow ing to  th e  decrease  o f  G in  th e  
m o d e rn  version  o f  D ir a c ’s cosm ology, irre sp e c tiv e  o f th e  law  o f p a r tic le  c rea ­
tio n . Collapsed ob jec ts  are  th e re fo re  ex p ec ted  to  rem a in  as such  fo r ev e r. A  possible 
e v a p o ra tio n  o f  b lack  holes is fa r  to o  slow to  essen tia lly  m odify  th e se  conclu ­
sions.) O ur above exam ple o f a p p ly in g  th e  L arge  N um ber H y p o th e s is  to  new
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la rg e  n u m b ers  o f N a tu re  seem s to  n ecessita te  th e  a c c e p tan c e  of an  e x p o n en t close 
to  1 .6  to  describe th e  law  o f  p a r tic le  crea tion , in  a m in o r, b u t  d e fin ite  d isagree­
m e n t w ith  D ira c’s o r ig in a l p roposal re g a rd in g  “ m u ltip lica tiv e  c re a tio n ” . 
(A cco rd in g  to  th e  la t te r  th e  fo rm u la  M  ~  t2 w o u ld  ap p ly .)

A ccep tin g  th e  law  M  ~  i le  leads to  th e  fo llow ing  im m e d ia te  consequences 
a n d  p ra c tic a l p re d ic tio n s  in  t h e  fie ld  of cosm ology , p h y s ic s , a s tro n o m y , geology 
a n d  b io lo g y . T he w orld  m o d e l sa tis fy in g  D ir a c ’s p o s tu la te s  becom es e sse n tia lly  
u n iq u e ly  defined  (cp. [16]). T h e  scale fa c to r  o f  th e  e x p a n s io n  o f th e  U n iv erse , 
as a  fu n c tio n  o f a to m ic  t im e , is ap p ro x im a te ly  p ro p o r tio n a l to  t13/15, w h ere  t i 
th e  t im e  reconed  fro m  th e  B ig -B ang . T he cosm olog ical scale fac to r, as a fu n c ­
tio n  o f  m acroscopic tim e , r ,  is  exactly p ro p o rtio n a l to  т2/з. T h is is th e  w ell-know n 
“ E in s te in -  de S itte r  cosm os” . As a consequence th e  th re e  d im ensional e x p a n d ­
in g  sp ace  o f  th e  w orld  m o d e l is o f zero c u rv a tu re . (S tr ic tly  E u c lid ean  space 
se c tio n .)  T hus, th e  se lec tio n  o f  p ro p er in itia l co n d itio n s  is au to m a tic  a n d  is ju s t  
in  a g re e m e n t w ith  H a w k in g ’s req u irem en t [14]. T h e  lu m in o sity  o f a ty p ic a l 
s ta r  (e .g . th e  Sun) v a rie s  in  p ro p o rtio n  to  t, w hile  th e  effective te m p e ra tu re  o f 
a p la n e t  (e.g. th e  E a r th )  a ro u n d  i t  varies as i -0 ' 05, i.e . ex trem e ly  slow ly. T his is 
a  v e ry  good reco n c ilia tio n  o f  D ira c’s cosm ology a n d  physics w ith  th e  re q u ire ­
m e n ts  o f  geology, climatology, a n d  biology. H ere  w e h a v e  excellen t exam ples o f 
h o w  a  cosm ological th e o ry  c a n  be te s ted  b y  re su lts  o f  o th e r  d isciplines ! — T he 
e x p a n s io n  tim e  scale o f  th e  U niverse ca lcu la ted  in  th is  m odel is as long  as 
13

in  good a g re e m e n t w ith  th e  re q u ire m e n ts  o f  a s tro n o m y  an d  a s tro ­

p h y s ic s . (H ere T„  d en o tes  th e  H u b b l e -tim e as ab o v e .) T h e  cosm ological decel­
e ra t io n  p a ra m e te r  m e a su re d  b y  th e  use o f a to m ic  t im e  is q0 =  0.15, i f  we ta k e  
p h o to n  m u ltip lica tio n  to  b e  ze ro , otherw ise q =  0.85 [16]. B o th  values a re  q u ite  
a c c e p tab le . T he b o u n d  s te l la r  a n d  p la n e ta ry  sy s tem s  tu r n  o u t to  be ex p an d in g

a t  a  r a te p a r t  o f  th e  fre e  ex trag a lac tic  H u b b l e  expansion  ra te , w hereas

in  th e  u su a l version o f  D ir a c ’s re cen t cosm ology th e  ex p an sio n  law  o f a ll b o u n d  
a s tro n o m ic a l system s co inc ides ex ac tly  w ith  t h a t  o f  th e  U niverse itse lf , b o th  
o f  th e m  being  described  b y  th e  pow er law  t1 o r  r°  in  a tom ic  and  d y n am ic  
u n i ts ,  respective ly . T h e  o b se rv a tio n a l te s ts  o f  th e  m o d e l described h e re  are  to  
b e  e la b o ra te d  m ore p a r t ic u la r ly  b y  rep ea tin g  th e  w o rk s o f Ma e d e r  [17] an d  
Ca n u t o  e t al. [18] fo r o u r  case . I t  is, how ever, c le a r  t h a t  a ll th e  p red ic tio n s o f 
th is  m o d e l w ill be closer to  th e  p red ic tions fo r M  ~  t2, th a n  to  those  fo r  M  t° 
— a n d  th is  is r a th e r  p ro m is in g . A fu r th e r  in fe ren ce  w o r th  o f no te  is t h a t  since 
th e  ex p an sio n  ra te  o f  th e  E a r t h —M oon sy s tem  e x p e c te d  in  th e  p re se n t m odel

is a lso  on ly  ab o u t ----- p a r t  o f  th a t  p red ic ted  b y  D ir a c , th e re fo re , our m odel is
13

so m e w h a t m ore d ifficu lt to  d isp ro v e  b y  d irec t la se r  m easu rem en ts  o f th e  u p p e r 
l im i t  o f  change o f th e  M oon’s d is tan ce , th a n  th e  m odel u su a lly  considered  [19].
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A pply ing  D ir a c ’s L arge  N u m b er H y p o th es is  to  th e  d ia g ra m  P (M ) 
im p lies th a t  cosm ic o b jec ts  shou ld  h av e  h a d  a ty p ic a l a n g u la r  m o m e n tu m  to 
m ass sq u are  ra tio  n e a re r  to  th a t  o f  e le m e n ta ry  p a rtic le s  in  e a rlie r  cosm ic tim es 
(as o rig inally  sugg ested  b y  B r o s c h e  [4]). T h is s ta te m e n t is, h o w ev e r, in  s tr ic t 
c o n tra d ic tio n  w ith  th e  e a r ly  fo rm u la tio n  o f  D ir a c ’s cosm ology a n d  th e  view 
expressed  in  [5], acco rd in g  to  w hich  a n g u la r  m o m en ta  o u g h t to  b e  conserved . 
T h e  need  o f  re jec tin g  th e  o rig inal version  o f  D ir a c ’s cosm ology  is th u s  once 
ag a in  co rro b o ra ted  on  th e  basis o f th e  d iag ram  P (M ) ! N o te  t h a t  th e  la t te r  
conclusion  is q u ite  in d e p e n d e n t o f our p rev io u s consid era tio n s re g a rd in g  th e  
law  o f p a rtic le  c re a tio n  to  be accep ted . T h is new  a rg u m e n t, h o w e v e r, does no t 
h e lp  us to  d istin g u ish  b e tw een  th e  recen t D ir a c ’s m odel w ith  a  sca le  fa c to r  p ro ­
p o rtio n a l to  t ( th e  ex p an sio n  tim e  o f th e  U niverse) an d  p a r tic le  c re a tio n  p ro ­
p o rtio n a l to  t2 on th e  one h a n d , an d  ou r p re se n t m odel, on th e  o th e r . T h e  p ro p ­
er change of an g u la r m o m e n ta  is a u to m a tic a lly  ensu red  in  b o th  re c e n t  m odels.

Sum m ing u p  i t  c a n  be  sa id  th a t  ta k in g  d u ly  in to  acco u n t th e  la rg e  d im en­
sionless num bers o f  N a tu re  id en tif ied  in  o u r d iag ram s we m a y  h o p e  to  have 
im p ro v ed  som e d e ta ils  o f  D ir a c ’s cosm ology to g e th e r  w ith  o u r u n d e rs ta n d in g  
o f th e  cosm ic h ie ra rc h y  an d  its  ev o lu tio n  w ith  th e  cosm ic t im e  w ith in  th e  
fram ew o rk  o f th is  th e o ry . One shou ld , how ever, b e a r  in  m ind  t h a t  a  u n ique ly  
d efin ed  w orld m odel is v e ry  v u ln e rab le  a n d  D ir a c ’s w hole cosm olog ica l concept 
m ig h t easily  clash  w ith  th e  f i r s t  new  d a ta .

A fu r th e r  re m a rk  w o rth y  o f m en tio n  is th a t  accord ing  to  th e  re la tio n  
P (M )  th e re  seem s to  b e  a deep con n ec tio n  b e tw een  th e  fam ous e x tre m e  K e r r  
m etric  [6 ] for fa s t  ro ta t in g  b lack  holes in  G eneral R e la tiv ity  a n d  th e  spin  of 
p ro to n  ! T he co n n ec tio n  is e x a c tly  o f th e  sam e ty p e  as th a t  b e tw e e n  th e  well- 
k n o w n  Schw arzschild  m e tric  [6 ] fo r b lack  holes an d  th e  mass o f  p ro to n :  b o th  
o f  th e m  give th e  sam e ra t io  as d im ensionless D ir a c  n u m b er. T h u s , e x a c t b u t 
ex o tic  m a th e m a tic a l consequences o f  G eneral R e la tiv ity  (a m acro sco p ic  th e o ry  !) 
a p p e a r to  co n ta in  in d ire c t b u t  re liab le  in fo rm a tio n  on e le m e n ta ry  partic les. 
T h is can  be reg a rd ed  as a n  in d ire c t “ te s t”  o f  th e  v a lid ity  o f th e  G e n e ra l T heory  
o f  R e la tiv ity  even  a t  1 0 “ 13 cm , i.e. th e  p ro to n  size ! — T h e  ab o v e  num erica l 
co incidence is to  b e  co m p ared  also w ith  th e  fa c t th a t  a ro ta t in g  c h a rg e d  black 
hole  is know n to  h a v e  a m ag n etic  dipole m o m en t d re la te d  to  th e  a n g u la r  m o­
m e n tu m  P  so t h a t  th e  g y ro m ag n etic  ra tio  o f b lack  holes is e x a c tly  2 , ju s t  as 
fo r e lectrons. — A ll th e se  shou ld  increase  one’s confidence in  b la c k  ho le  p h y s­
ics o ften  reg a rd ed  — b y  o u tsiders — as a m ere ly  sp ecu la tiv e  th e o ry  avoid  of 
a n y  im m ed ia te  an d  rea lis tic  p hysica l sign ificance.

A CKNOW LEDGEM ENT

The author is indep ted  to  Dr. P. B hosch e  of th e  H oher L ist O bserw atorim n, Bonn, for 
valuable inform ation on th e  angular m om enta of cosmic objects and the ir re la tion  to  particle 
physics and re lativ ity  as described in his papers [4, 5].

Acta Geologica Aeademiae Scientiarum Hungaricae 23, 1980



138 P A Ä L , G.

R EFE R E N C E S

1. S z ä d e c z k y -K a rdoss , Б .: Geochemical-biological equ ilib ria  and  the clay m ineral cycle.
A c ta  Geol. Hung., 19, 157 — 177, 1975; and G eonôm ia (Géonomies), B udapest, 1974.

2. K l e c z e k , J .:  The Universe. G eophysics and A strophysics M onographs, p. 128, Reidel Publ.
Co., 1976.

3. S e x e , R . und H.: W eiße Zwerge — schwarze Löcher, pp . 50—60, Yieweg, Braunschw eig;
R ow ohlt, H am burg, 1975.

4. B h o s c h e , P.: Eine Analogie zw ischen E lem entarteilchen u n d  astronom ischen O bjekten und
eine neue grosse dim ensionslose Zahl. N aturw issenschaften, 56, 85 — 86, 1969.

5. B r o s c h e , P.: The Mass — A n g u la r Momentum — D iag ram  and  the Black Hole Lim it.
A strophysics and Space Science, 29, L7 — L8, 1974.

6. H a w k in g , S. W. — G. F . R . E l l i s : The Large Scale S tru c tu re  of Space-Time. Cambridge
U n iv . Press, 1973.

7. P a á l  G .: Universal cyclicity in  a  non-cyclic universe. A c ta  Geol. H ung., Х Х Ш , 1 —4 , 121,
1980; cp. also MTA X . O szt. K özi., 8, 4 2 7 -4 3 0 , 1975.

8. G r a b in s k a , T .—M. Za b ie r o w s k i: W eyl’s postulate in  th e  hadronic fireball. A cta Cosmo-
logica (Cracow), 5, 29 — 34, 1976; and  references q u o ted  therein .

9. S e x l , R . U. — H. K. U r b a n t k e : G rav ita tion  und Kosm ologie. W issenschaftsverlag, B iblio­
graphisches In s titu t, Z ürich , 1975.

10. D ir a c , P . A. M.: The cosm ological constants. N ature, 139, 323, 1937; and Proc. Roy. Soc.
A ,  165, 199, 1938.

11. D ir a c , P . A. M.: Proc. R oy. Soc., A ,  333, 403, 1973; P roc. R oy. Soc., A , 338, 439, 1974;
T he  Physicist’s Conception o f N a tu re  (ed. Mehra), pp . 1 —60, Reidel, 1973; N aturw issen­
schaften , 60, 529—531, 1973.

12. B o n d i , H .: Cosmology, pp . 163 — 164. Cambridge U niv. P ress, 1960.
13. J o r d a n , P .: Die H erkunft der S terne , pp. 11, 23, 28, 38. W issenschaftliche Verlagsgesell­

sch a ft, S tu ttgart, 1947.
14. H a w k in g , S. W .: The A niso tropy  o f th e  Universe a t  L arge Tim es. Proc. 63rd Sym p. of the

IA U , pp. 283—286 (ed. L ongair), Reidel, 1974; and  references quoted therein.
15. Ca r t e r , B.: Large N um ber Coincidences and the A n th rop ic  Principle in  Cosmology. Proc.

63rd  Symp. of the IA U , pp . 291—298 (ed. LoDgair), R eidel, 1974; and sources quoted  
th e re .

16. R o x b u r g h , I. W.: Large n u m b er hypothesis and continuous creation  cosmologies. N atu re ,
268, 5 0 4 -5 0 7 , 1977.

17. M a e d e r , A.: Astronomy and  A strophysics, 56, 359, 1977; 57, 125, 1977; 63, 175, 1978; 65,
337, 1978.

18. Ca n u t o , V. a t al.: Phys. R ev. D . 16, 1643, 1977; Phys. R ev . L etters, 39, 429, 1977; A stron­
om y  and Astrophysics, 65, 389, 1977; Astrophys. J . ,  211, 342, 1977.

19. S h a p ir o , I. I.: Scientific A m erican , 219, 32, 1968; P hys. R ev . L etters, 28, 1597, 1972.

С О В П А Д Е Н И Я  К Р У П Н Ы Х  Ч И С Е Л  В С В Е Т Е  Э В О Л Ю Ц И И  КОСМ ОСА

Г. ПААЛ

Р е з ю м е

В  при роде  наблю дается  п о я в л е н и е  «большого к о л и ч е с тв а  безразм ерны х больш их 
чисел» в  полном  согласии  с  в ы р аж ен н ы м  неслучайны м  х ар ак тер о м . Н екоторы е з а к о ­
н о м е р н о с ти  в  их распределен ии  рассм атр и ваю тся  к а к  по  стан дар тн ы м  м оделям  м и р а  типа 
Э й н ш т ей н —Ф ридманн, т а к  и  с о гл а с н о  косм ологии Д и р а к а .  О тм ечаю тся ф изические, 
астр о н о м и ч ески е , геологи ческие  и  биологические п о с л ед ств и я  рассм атриваем ы х явлен ий .
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LARGE-SCALE CYCLIC PROCESSES IN THE GALAXY

By

B . B a l á z s

DEPARTMENT OF ASTRONOMY, EÖTVÖS LORÀND UNIVERSITY, BUDAPEST

Large-scale cyclic processes in th e  G alaxy are: a) th e  free oscillations in  th e  grav­
itational po ten tia l field  of th e  Galaxy (ro ta tion  and  epicyclic m ovem ent); b) th e  quasi- 
sta tionary  g rav ita tional density wave producing th e  spiral s truc tu re  (Lin , 1964); 
c) th e  oscillation due to  th e  cyclic ac tiv ity  of th e  nucleus of th e  Galaxy.

The (6) density  wave is rotating as a rig id  body  around th e  centre of th e  G alaxy 
(period: 5 • 108 years). The stars are moving a t  a  considerably higher angular velocity, 
accordingly in  th e  spiral arm s one finds s tars of ever increasing age in th e  direction of 
the  galactic ro ta tio n . T he spiral arm s are so conspicuous no t because of being richer 
in m atter, b u t because m uch more energy is lib e ra ted  in  them  by  young objects o f high 
lum inosity.

The w ell-developed spiral struc tu re  of a galaxy implies low specific angular 
m om entum  and  h igh central mass concentration.

The nucleus of our Galaxy is com parative ly  qu iet. However, there  are signs of 
its  having been periodically  active, w ith in tense in frared  and radio wave emission and 
m a tte r ejection (c).

Oscillation is m aintained by a 500 m illion year explosion cycle resulting  in period­
ical Seyfert ch arac te r o f our Galaxy. These explosion s are probably due to  a  superm as­
sive sta r (of abou t 108 solar masses in th e  cen tre  of th e  Galaxy).

The galactic level of organization is characterized  by th e  und is tu rbed  predom i­
nance of th e  g rav ita tiona l interaction. C orresponding speed d a ta  are rem arkab ly  su­
perior by about tw o orders of m agnitude to th e  1 km /sec average of strip  B . I t  is possible 
th a t it  is a m anifestation  of the convergence o f strip s A  and В on a m etagalactic  scale.

T he p e rp e n tu a n c e  o f  cosm ic o b jec ts  ca n  b e  ex p la in ed  b y  th e  eq u ilib riu m  
o f  th e  forces g e n e ra tin g  th e m  an d  a p p ro x im a te ly  co m p en sa tin g  th e  e ffec t o f 
each  o th e r. T h e  sam e  forces gen era te  th e  c h a ra c te r is tic  form s o f  m o tio n  o f 
each  o b je c t as w ell as th e  f lu c tu a tio n s  n e a r  th e  e q u a lib riu m . T h u s , c y c lic ity  is 
p ra c tic a lly  a u n iv e rsa l fe a tu re  o f th e  p a r t ia l ly  s e p a ra te d  s tab le  cosm ic o b jec ts .

A m ong th e  la rg e-sca le  cyclic processes in  th e  G alaxy  th e  m o s t s ig n if ic a n t 
ones are :

a) th e  free o sc illa tin g  m otions in  th e  g ra v ita t io n a l  p o te n tia l  f ie ld  o f  th e  
G alaxy , i.e. ro ta t io n  a n d  th e  so-called ep icyclic  m o tio n ;

b) th e  g ra v ita tio n a l d en sity  w ave p ro d u c tin g  th e  sp ira l s t ru c tu re ;
c) th e  o sc illa tio n  g en e ra ted  b y  th e  cyclic  a c t iv i ty  o f  th e  G a lax y  c e n tre .
A ccord ing  to  th e  o rg an iza tio n  level o f  th e  G a la x y  a n d  its  p o s itio n  on  th e

s tru c tu ra l  scale , in  th e s e  processes b e ing  in  close in te ra c tio n  w ith  each  o th e r  
— th e  com m on g ra v ita t io n  p lay s th e  p re d o m in a n t role.
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I t  is well known, that sim ilarly to the other spiral galaxie (constituting  
about 65 per cent of all the stellar systems) also the rotational angular velocity  
o f our M ilky W ay is a function o f the distance from the centre. I f  the spiral 
arms w ere material tubes th ey  would he subjected to  permanent deformation  
and a fter  a few rotations th ey  would wind up and disappeare. As it has been 
recognized, the winding up could not be obstructed even by the magnetic field  
in th e  spiral arms since the field  power measured either from the Faraday- 
rotation  o f  polarized radiation o f pulsars and other radio sources, or from the 
ZEEMAN-cffect of the 21 cm interstellar hydrogen line, is only about 3 /zgauss. 
Thus, th e  magnetic energy density  falls to the order o f magnitude o f the energy 
d en sity  o f  the turbulent m otion o f interstellar gas and this is considerably lower 
than th e  energy density derived from the galactic rotation of the gas. Conse­
q uently , th e magnetic field is unable to influence system atically the large-scale 
m otion  o f  the gas.

T h e  sam e  conclusion c a n  b e  d raw n  on a  p u re ly  h eu ris tic  w ay  th ro u g h  th e  
g e n e ra l co n sid e ra tio n  t h a t  a c c o rd in g  to  th e  o rg a n iz a tio n a l level o f  th e  G a lax y  
a n d  i t s  p o s itio n  on th e  s t r u c tu r a l  scale , in  th e  fo rm a tio n  o f  its  m a in  m o rp h o lo g ­
ic a l p e c u la r it ie s  from  am o n g  th e  m a in  p h y sica l in te ra c tio n s  g ra v ita t io n  has 
to  b e  p re d o m in a n t. S u re ly , f ro m  th e  M e tag a lax y  possessing  th e  c h a ra c te r is tic  
sca le  o f  1028 cm  th ro u g h  th e  c lu s te rs  o f  g a lax ies , g a lax ies, nucle i o f  g a lax ie s , 
s ta r s  d o w n  to  th e  p la n e ta ry  b o d ie s  o f  108 cm , th e  p red o m in a tin g  fo rm  o f  in ­
t e r a c t io n  o f  th e  o b jec ts  is t h e  g ra v ita tio n  a n d , m ov ing  to w ard s  th e  sm all 
d im e n s io n s , th e  e lec tro m ag n e tic  in te ra c tio n  becom es im p o r ta n t  o n ly  o n  a 
m u c h  s m a lle r  scale. T ak in g  th i s  in to  co n sid e ra tio n  th e  p rob lem  o f th e  w in d in g  
u p  c a n  b e  avo ided  b y  a ssu m in g  t h a t  th e  m a te r ia l  o f  th e  sp ira l a rm s is n o t  con­
s t a n t  b u t  th e  sp iral s tru c tu re  is p ro d u ced  b y  th e  local m ax im u m  o f  a  q u asi- 
s t a t i o n a r y  large-scale d e n s ity  w a v e  in  th e  G a lax y . T h e  d e n s ity  w ave a ffe c ts  th e  
d i s t r ib u t io n  o f  b o th  th e  s ta rs  a n d  th e  gas a n d  i t  m oves re la tiv e  to  th e  m a te r ia l  
o f  th e  s te l la r  system , th u s  is  n o t  n ecessa rily  ex p o sed  to  th e  defo rm ing  e ffec t of 
th e  d if fe re n tia l  ro ta tio n . I t  is t o  b e  em p h asized  t h a t  th e  d e n s ity  w av e  is q u asi- 
s ta t io n a r v  ; its progression a n d  su rv iv a l is a ssu red  b y  th e  w ave-like d is tu rb a n c e  
w h ic h  is  c au se d  b y  th e  d e n s ity  f lu c tu a tio n  in  th e  g ra v ita tio n a l fie ld  o f th e  G a lax y .

A f te r  th e  early  a t te m p ts  o f  B . Lindblad, w hich  w ere only  p a r t ly  su c ­
c e ssfu l, t h e  significance o f  d e n s ity  w aves on th e  g a lac tic  scale has b e e n  e m p h a ­
sized  b y  С. C. Lin an d  his co -w o rk ers  (Lin, 1964). A ccord ing  to  th e  c o n c e p t o f  
Lin , t h e  c h a ra c te r is tic  s t ru c tu re  o f  th e  sp ira l ga lax ies is g en era ted  b y  th e  q u asi- 
s t a t i o n a r y  den sity  w ave r ig id ly  ro ta t in g  a ro u n d  th e  n u c leus o f  th e  s te lla r  
s y s te m . I n  accordance w ith  th e  e q u a tio n s  o f  m ass co n se rv a tio n  a n d  c o n t in u i ty  
o f  g a s  d y n a m ic s  th e  p resen ce  o f  th e  d e n s ity  w av e  is accom pan ied  b y  th e  p e r ­
tu r b a t io n  o f  a sim ple c irc u la r  o r  e llip tic  m o tio n  o f  th e  s ta rs  an d  th e  in te r s te l ­
la r  g a s . N e a r  th e  d e n s ity  m a x im a  th e  m o tio n  becom es n ecessarily  slo w er an d  
th e  g a la c to c e n tr ic  o rb ita l v e lo c ity  w ill p e rio d ica lly  f lu c tu a te .
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T h e  cosm ic o b jec ts  generally  re v o lv e  a ro u n d  th e  G a lax y ’s c e n tre  in  an  
e llip tic  o rb it  o f  m ore  o r less e x c e n tr ic ity . A cco rd in g  to  Lindblad th e i r  m o tio n  
can  b e  d esc rib ed  also b y  e llip tic  ep icy c les  (F ig . 1). The ep icy c lic  freq u en cy  
x (R ) show s th e  fo llow ing re la tio n  w ith  th e  o th e r  b asic  fac to rs  o f  th e  ga lac tic  
r o ta t io n :

x(R ) =  2 V - B ( A  -  В) (1)

w here  A  a n d  B ,  th e  so-called  Ookt’s c o n s ta n ts  depend  on th e  r o ta t io n  v e lo c ity  
42(R) as fo llow s:

A (R ) =  - ± R ^ i  B (R ) =  A  — Q . (2 ,3 )

Q(R) a n d  x(R ) can  he  reg a rd ed  as th e  eigen-frequencies o f  t h e  free  oscil­
la tio n s  in  th e  R  g a lac to cen tric  d is ta n c e . I t  is obvious t h a t  re so n a n c e s  m ay  
a p p e a r  b e tw een  th e  above  eigen -values a n d  th e  Q p a n g u la r  v e lo c ity  o f  th e  
rig id ly  ro ta t in g  d e n s ity  w ave. O u t o f  th e m  th e  follow ing on es th e  m ost 
im p o r ta n t  a re :

a) c o ro ta tio n  Q  — Qp =  0 ; (4)

b) inner LiNDBLAD-resonance:

Q -  Qp =  x/2 (5)

c) outer LiNDBLAD-resonance:

Q - Q p =  - x / 2 . (6 )

T he co rresp o n d in g  n o n -p e r tu rb a te d  o rb its  a re  show n in  F ig . 1 in  a  c o o rd in a te  
sy s te m  ro ta t in g  w ith  an  an g u la r v e lo c ity  Qp, i.e . re s tin g  as c o m p a re d  to  th e  
sp ira l p a t te rn .  T h e  resonance  ra d ii co rre sp o n d in g  to  th e  a n g u la r  v e lo c ity  of 
re so n an ce  d ep en d  on  Qp an d  th e  sh ap e  o f  th e  Q(R) fu n c tio n , i.e . o n  th e  d is tr i­
b u tio n  o f  m ass in  th e  s te lla r  sy stem . (T he m odel being  ro ta t io n -s y m m e tr ic  to  
th e  m ass d is tr ib u tio n  can  be deduced  f ro m  th e  sh ap e  o f th e  r o ta t io n  v e lo c ity  
fu n c tio n  V rot(R) =  R Q (R ) changing  w ith  th e  d is tan ce  from  th e  c e n tre .

A ccord ing  to  W . L o h m a n n  (1974), th e  to ta l  m ass can  b e  e s t im a te d  as 
M Q =  0,75 V q/AG , w here V0 is th e  o rb ita l  v e lo c ity  o f  th e  S un , G is  th e  g ra v ita ­
tio n a l c o n s ta n t exp ressed  in  th e  c o rre sp o n d in g  u n its . A lre a d y  th e  o rig in a l 
th e o ry  o f  Lindblad m ad e  use o f th e  f a c t  t h a t  w ith in  th e  M ilky W a y  Q  — x/2 is 
p ra c tic a lly  w ide a n n u la r  range.

Thus, in the whole range the corresponding value of Qp produces re­
sonance. In the LlN-theory the inner and outer LiNDBLAD-resonances determine 
the limits of the radial extension of the denisty wave.

Since th e  sp ira l s tru c tu re  o f  th e  m a jo r i ty  o f th e  galax ies is  s ta t io n a ry  
d u rin g  long p e riods o f tim e  (and  th e se  a re  sy stem s highly  iso la te d  fro m  th e i r
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Direction of rotation of the potentionai trench 
as compared to the inertia system

F ig .  1 . L in d b la d ’s epicyclic o rb its  and resonances in  th e  galactocentric coordinate system
ro ta tin g  w ith  an  angular velocity  Q p

environm ent) the presence o f spiral arms can be explained only by a “ self­
preserving” neutral density wave.

I n  a galaxy , how ever, neutral density  w aves m ay survive on ly  i f  th e  
system  is  n o t inclined to  produce local grav ita tion a l collapses (the so-ca lled  
jE A N S-instabilities). A lready in  1964 it  was dem onstrated  by A. T o o m RE th a t  
in a ste lla r  system  o f  m ath em atica lly  negligible th ick n ess JEANS-instabilities 
do n o t occur when th e  in eq u a lity  below is va lid  for th e  local dispersion of 
p ecu liar v e loc ities o f  th e  ind iv idual members in  radial direction:

( 4 J 1,2> 3 .3 6  Gcr/x (7)

(where a is the surface density projected on to  the m ain plane, x is the epicyclic 
frequency and G is the gravitational constant). On the basis of the critical 
values th is is 52 km/sec in the Sun’s neighbourhood, while taking into account 
the real thickness o f the galactic disc, this is 37 km/sec. This latter value is 
nearly the same as the R-directed velocity dispersion of late-type dwarf stars 
constitu ting  the main mass o f the Milky W ay. I f  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. W ith the  
disappearance of the JEANS-instabilities the increase o f velocity dispersion will
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s to p . T his is o f  g re a t s ig n ifican ce  from  th e  p o in t o f  v iew  o f  th e  L iN -th e o ry  since 
in case o f  d ispersion  co n sid e rab ly  su rp a ss in g  th e  c ritic a l v a lu e  th e  p ro p a g a tio n  
co n d itions o f  th e  n e u tra l  d e n s ity  w ave becom e less fav o u rab le .

T he d en sity  w av e  p ro p a g a tin g  in  th e  G a la x y ’s m a te r ia l  o th e rw ise  m oves 
to g e th e r  w ith  th e  f lu c tu a tio n  g en era ted  in  th e  g ra v ita tio n a l p o te n tia l  fie ld : 
th e  s ites o f  m ax im al d e n s ity  coincide w ith  th e  “ p o te n tia l  t re n c h e s ” . In  ac­
co rd an ce  w ith  T o o m r e ’s re su lt  m en tio n ed  ab o v e , th e  sm alle r is th e  velocity  
d isp ers io n  o f  th e  o b je c ts  be lo n g in g  to  th e  sy s tem , th e  g re a te r  is th e  am p litu d e  
o f  th e  d en sity  w av e  ( th u s , in  th e  in te rs te lla r  m ed iu m  d is tu rb a n c e s  a re  con­
s id e rab ly  s tro n g e r th a n  th o se  am o n g  th e  s ta rs .)  T h e  o b se rv e r m o v in g  to g e th e r 
w ith  th e  m a te ria l d e te c ts  th e  tra n s it io n  o f  th e  p o te n tia l  tre n c h e s  ro ta t in g  as 
r ig id  bodies w ith  a n  a n g u la r  v e lo c ity  genera lly  d iffering  from  t h a t  o f  th e  G al­
a x y ’s m a te ria l, w ith  th e  fre q u e n c y  o f

li  =  m [ Q p -  i 2 ( R ) ] / x .  (8)

S u ita b le  s ta tio n a ry  so lu tio n  ex is ts  on ly  w hen  th e  co n d itio n  is fu lfilled , i.e . th e  
in e q u a lity

Q  — x/m  <  Qp <  Q  -f- 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 o f the stellar system  can survive only within a definite 
ring. Fig. 2 based on the mass distribution o f the Schmidt model, describes the 
run of the rotation and epicyclic frequencies in the Milky W ay. I t  is obvious 
that in case o f m =  2 the range suitable for the formation o f spiral arms is 
much wider than in case o f m  >  2. (The same refers to the m ajority o f 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 o f the stellar

R (kpc)

Fig. 2. The shape of the  ro ta tion  and epicyclic frequencies in the Milky W ay based on th e  m ass
d is tr ib u tio n  m odel o f S ch m id t
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s y s te m  w here x  an d  Q o n ly  s lig h tly  differ from  each  o th e r , a n d  th e ir  change is 
slow  a s  com pared  to  th e  g a la c to c e n tr ic  d is tan ce .

C onsequen tly , th e  d e n s i ty  w ave fro n t, as a  d o u b le -a rm e d  sp ira l p a t te rn  
r o ta te s  a ro u n d  th e  c e n tre  o f  th e  G alaxy  as a  r ig id  b o d y  w ith  a  p e rio d  o f  500 
m illio n  y ea rs  in  th e  g a la c to c e n tr ic  d istance  o f  th e  S im  w ith  a n  a n g u la r  v e loc­
i t y  c o n sid e rab ly  low er t h a n  t h a t  o f  th e  m a te r ia l.

T h e  L iN -conception  c o n s id e ra b ly  affects a lso  o u r  id eas  o f  s te lla r  cosm og­
o n y . A ccord ing  to  th e  l in e a r  ap p ro ach  d iscussed  a b o v e , th e  d e n s ity  w ave 
d is tu rb in g  th e  “ t r a n q u i l l i ty ”  d is tr ib u tio n  o f  th e  s ta r s  a n d  t h a t  o f  th e  in te r ­
s te l la r  m a te r ia l d iffer o n ly  in  th e i r  re la tiv e  a m p litu d e . (S ince th e  in te rs te lla r  
m e d iu m  am o u n ts  o n ly  to  10 p e r  cen t o f  th e  m ass  o f  th e  w hole sy s tem , a  5 p er 
c e n t  in c re a se  o f th e  to ta l  d e n s i ty  needs a m u ch  g re a te r  re la tiv e  a m p litu d e  th a n  
in  ca se  o f  s ta rs). The n o n - lin e a r  so lu tio n s describ ing  th e  b e h a v io u r  o f  th e  ga lac tic  
d e n s i ty  w ave in  a b e t t e r  w a y  sh o w  q u a lita tiv e  d iffe ren ces: in  th e  in te rs te lla r  gas 
th e  tr a n s i t io n  th ro u g h  th e  p o te n tia l  tren ch es  g e n e ra te s  shock  w aves.

A ccord ing  to  W . W . R o b e r t s  (1969), in  o u r  s te lla r  sy s te m  th e  m ax im al 
d e n s i ty  g en era ted  in  th e  sh o c k  w ave fro n t a t  a  g a la c to c en tr ic  d is tan ce  o f  R  =  
— 10 kpc, is five  tim es as m u c h  as th a t  in  t r a n q u i l l i ty ,  w h en  th e  re la tiv e  d e p th  
o f  t h e  p o te n tia l  tre n c h  is 5 p e r  c e n t. In  th e  c o o rd in a te  sy s te m  ro ta t in g  w ith  an  
a n g u la r  ve lo c ity  o f  Q p th e  s tream lin es  o f  th e  gas a re  su c h  (n ea rly  c ircu lar) 
c lo sed  cu rv es w hich possess b re a k -p o in ts  in  th e  sh o ck  w ave fro n ts . In  th e  gas 
m o v in g  w ith  an  a n g u la r  v e lo c ity  g rea te r th a n  t h a t  o f  th e  p o te n tia l  tre n c h  
w h e n  reach in g  th e  sh o ck  w a v e  f ro n t considerab le  com p ressio n  also  occurs in 
a d d i t io n  to  th e  su d d en  in c re a se  in  density , th u s  th e  co n d itio n s o f  fo rm a tio n  of 
n e w  s ta r s  are  g rea tly  im p ro v e d . (A t th e  sam e t im e , th e  fo rm a tio n  o f  th e  in te r ­
s te l la r  d u s t  p artic les is a lso  a c c e le ra te d  an d  th is  ex p la in s  th e  fa c t  t h a t  th e  l ig h t­
a b s o rb in g  cosmic n e b u la e  sh o w  th e  sp iral s tru c tu re , to o ). A  ty p ic a l H I-n e b u la  
s ta y s  in  an  in te rv a l fa v o u ra b le  fo r s ta r  fo rm a tio n  g en era lly  fo r 3 • 107 y ea rs . 
S in ce  th e  shock f ro n t lies w ith in  th e  in n er edges o f  th e  sp ira l a rm s, th e  y oung  
О -s ta r s  a n d  th e  H II-f ie ld s  g e n e ra te d  b y  th em  can  be  o b se rv ed  also  he re , s tro n g ly  
e m p h a s iz in g  th e  in te rn a l  c o n to u rs . T ak ing  in to  a c c o u n t th e  fa c t th a t  s ta rs  
m o v e  w ith  considerab ly  g re a te r  an g u la r v a lo c itie s  th a n  th e  d e n s ity  w ave does, 
in  t h e  sp ira l arm s ever o ld e r  s ta r s  a re  found  in  th e  d ire c tio n  o f  ga lac tic  ro ta tio n . 
T h e  d is tr ib u tio n  o f  o p en  c lu s te rs  o f  d ifferen t ages is c o n s is te n t w ith  th e  above 
c o n c e p t (R . W i e l e n , 1971) a s  i t  has been v e rif ie d  a lso  b y  th e  re sea rch es c a r­
r ie d  o u t  a t  th e  D e p a r tm e n t o f  A stronom y o f  th e  E ö tv ö s  U n iv e rs ity , B u d a ­
p e s t  (B .  B a l á z s , 1978).

T o  reveal th e  age s t r a t i f ic a t io n  o f th e  sp ira l a rm s a n d  g enera lly  th e  ga­
la c t ic  d isc , i.e. in  a n  a b s t r a c t  sense th e ir  “ a n n u a l r in g s” , is one o f  th e  m ost 
im p o r ta n t  task s  o f  g a la c tic  a s tro n o m y  a t  p re se n t. I n  th is  fie ld  n o t  o n ly  th e  
s p a t ia l  d is tr ib u tio n , b u t  a lso  th e  k inem atic  fe a tu re s  o f  th e  s ta rs  o f  d iffe ren t 
ages m a y  provide s ig n if ic a n t assistance . I t  is k n o w n , t h a t  th e  v a lo c ity  dis-
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p ersion  o f th e  in te rs te l la r  gas is con sid erab ly  sm alle r th a n  t h a t  o f  th e  s ta rs  in 
g en era l, an d  th e  n ew ly  b o rn  s ta rs  p rese rv e  th e  k in e m a tic  p ro p e rtie s  o f  th e  
m ed iu m  in w h ich  th e y  w ere gen era ted . N ev erth e less , as i t  h a s  b e e n  em phasized 
b y  R . Wooley a n d  M. P . Candy (1968) a n d  since th e  “ s te lla r  g a s”  does no t 
posses cooling m ech an ism s sim ilar to  t h a t  o f  th e  in te rs te lla r  m a te r ia l ,  due to  th e  
in te ra c tio n s  w ith  th e  irre g u la ritie s  o f  th e  g a lac tic  g ra v ita tio n a l f ie ld  i t  shows 
increasing  v e lo c ity  d ispersion  p e rp e n d ic u la r  to  th e  m a in  p la n e . T h u s, th e  
o ld e r is some su b -sy s te m  o f  s ta rs , th e  g re a te r  is i ts  v e lo c ity  d isp e rs io n . As it  
h as  been  p ro v ed  b y  th e  researches c a rr ie d  o u t  a t  th e  D e p a r tm e n t o f  S tellar- 
s ta tis t ic s  o f th e  O b se rv a to ry  o f  th e  H u n g a r ia n  A cadem y  o f  S ciences (L. B a­
l á z s , 1975), in  a  g iv en  n e ig h b o u rh o o d  o f  th e  S olar sy s te m  th e  s ta rs  can  be 
d iv id ed  in to  k in e m a tic a lly  fa ir ly  d is tin g u ish ab le , d isc re te  su b -sy s tem s. This 
can  be  ex p la in ed  b y  th e ir  large-scale  p erio d ic  fo rm a tio n , in  a c c o rd a n ce  w ith  th e  
d e n s ity  w ave th e o ry .

T hus, th e  L iN -th eo ry  p roves to  be a  re liab le  gu ide a lso  in  th is  fie ld , and  
i t  is n o t  a c c id e n ta l t h a t  in  th e  p a s t  y ea rs  th e  th e o ry  o f  c o n ce iv in g  th e  spiral 
s t ru c tu re  as a  w av e  p h en o m en o n  has b ecom e p re d o m in a n t. T h e  sp ira l a rm s are 
conspicious n o t  b ecau se  th e y  are  m uch  m ore  a b u n d a n t in  m a t te r  b u t  because 
m u ch  m ore en e rg y  is  re leased  in  th e m  b y  tim e  — an d  m ass u n its  th a n  in  th e  
f a in te r  p a r ts  o f  th e  G a lax y . Since, s im ila rly  to  th e  n o rm a l sp ira l galax ies th e  
m a jo r ity  o f  th e  m ass o f  th e  M ilky W ay  is  re p re se n te d  b y  o ld  f a in t  s ta rs , th e  
s tr ik in g  c o n tra s t  o f  th e  sp ira l a rm s is cau sed  b y  th e  a p p a re n t  b rig h tn e ss  of 
y o u n g  ob jec ts . T h e  fo rm a tio n  a n d  d is tr ib u tio n  o f  th e  y o u n g  o b je c ts  a re  d e te r­
m in ed  b y  th e  cyclic , q u a s i-s ta tio n a ry  p e r tu rb a tio n  o f  th e  g ra v ita t io n a l  fie ld  
g en e ra ted  b y  th e i r  d w a rf  fe llow -stars c o n s titu tin g  th e  “ grey m ass”  in  th e  G alaxy.

B e th e  c o n d itio n s  how soever fav o u rab le  fo r th e  su rv iv a l o f  a  G alaxy-sized  
n e u tra l  d e n s ity  w av e , som e energy  d iss ip a tio n  shou ld  b e  ta k e n  in to  accoun t. 
As i t  h as  been  p o in te d  o u t  b y  J .  H . Oort a n d  co-w orkers (1972) th e  d ensity  
w av e  shou ld  t r a n s fe r  a n n u a lly  a b o u t 104e erg  th ro u g h  th e  g a la c to c e n tr ic  circle 
d raw n  in  th e  re so n an ce  f ie ld . A ccord ing  to  D . Lynden-Bell (1970), th e  den­
s i ty  w ave m ak es u p  i ts  en erg y  loss f i r s t  o f  a ll from  th e  ro ta t io n  en e rg y  o f  th e  
G a lax y  an d  i t  does so p o ssib ly  in  th e  fo llow ing w ay .

I n  th e  c o ro ta tio n  resonance  reg ion  th e  s ta rs , th e  ep icen tre s  o f  w hich  are 
a t  a  slig h tly  s h o r te r  d is tan ce  from  th e  G a lax y ’s cen tre  th a n  th e  R k co ro ta tio n  
d is ta n c e , i.e. fo r  w h ich  Q (Rk) =  Qp w ith :

0 < R k - R < R k (10)

posses a  c ircu la r v e lo c ity  som ew hat g rea te r  th a n  th a t  o f  th e  d e n s ity  w ave and  
acce le ra te  i t  (i.e . t r a n s fe r  a n g u la r  m o m en tu m ). T h e  s ta rs , h o w ev er, th e  epicen­
tr e s  o f  w hich lie  s lig h tly  o u ts id e  th e  c o ro ta tio n  circle, i.e . fo r w h ich  th e  re la tion

0 <  R  -  R k <  R k (11)
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h o ld s , a n d  th e y  ro ta te  w ith  a n  a n g u la r  speed so m ew h at sm alle r th a n  t h a t  o f  th e  
d e n s i ty  w av e , draw ing o ff a n g u la r  m om en tum  from  i t .  A s a  f in a l conclusion , th e  
is su e  w h e th e r  th e  d en sity  w a v e  gains or loses en e rg y  d u r in g  th e  in te ra c tio n s  
m e n tio n e d  above depends o n  t h e  q u es tio n  how  fa s t th e  d e n s ity  o f  th e  m a te r ia l 
d e c re a se s  w ith  th e  increase  o f  th e  galac to cen tric  ra d iu s  in  th e  c o ro ta tio n  zone 
o f  t h e  g a la c tic  disc. I t  can  h e  a  se lec tio n  ru le  t h a t  fro m  am o n g  th e  Qp ro ta t io n  
p e r io d s  sa tis fy in g  [9] th e  o n e  w ill b e  realized  a t  w h ich  c o ro ta tio n  occurs w ith  an  
e f f ic ie n tly  h igh  d ensity  g r a d ie n t .  S ince th e  o rb ita l a n g u la r  m o m en tu m  o f th e  
s ta r s  p o ssessin g  ep icen tres s a t is fy in g  [10] w ill d ecrease  d u e  to  th e  in te ra c tio n  
w ith  t h e  d en sity  w ave, th e  d ia m e te r  o f  th e  o rb it  o f  th e s e  s ta rs  w ill g rad u a lly  
d e c re a s e . B ased  on an a lo g u e  co n sid e ra tio n s , since th e  g a lac to cen tr ic  d is tan ce  
o f  t h e  s ta r s  satisfy ing  [ I I ]  w ill in crease , th e  d e n s ity  o f  th e  c o ro ta tio n  ran g e  
d e c re a se . A ccording to  th e  Lynden—Bell c a lc u la tio n s , th e  c o ro ta tio n  zone 
m o v e s  in w a rd  a fte r a w hile p u s h in g  also th e  in te rs te l la r  m a te r ia l  ah ead  o f  i t .  
T h u s , a s  a  re su lt of th e  in te r a c t io n  o f  th e  d en sity  w av e , th e  g a lac tic  ro ta t io n  
as w e ll a s  th e  epicyclic m o tio n , th e  specific a n g u la r  m o m e n tu m  o f th e  s te lla r  
s y s te m  decreases and  its  c e n t r a l  m ass  co n cen tra tio n  in c reases  a t  th e  sam e tim e .

C onsequen tly , i f  a G a la x y  possess a h igh ly  d ev e lo p e d  sp ira l s tru c tu re , a 
r e la t iv e ly  low  specific a n g u la r  m o m e n tu m  an d  a  g re a t  c e n tra l  m ass c o n c e n tra ­
t io n  c a n  b e  expected . S ince a b o v e  ce rta in  m ass l im it  th e  G a la x y ’s n uc leus be­
co m es in s ta b le , th e  q u e s tio n  a rise s  w hether a la rg e-sca le  cycle ex is ts  in  th e  
c o u rse  o f  w hich  th e  period ic  a c t iv i ty  o f th e  G a lax y ’s n u c leu s  “ reg en e ra te s”  th e  
g a la c tic  d e n s ity  w ave (w h ich , o n  th e  basis o f th e  a fo rem en tio n ed  affec ts  th e  
a c t i v i t y  o f  th e  core). T his t y p e  o f  reg en era tio n  is n e c e ssa ry  even because  o f  th e  
d a m p in g  phenom ena (K . R o h l f s , 1978).

Concerning our G alaxy, it  can be stated that it  was only in the past 
tw en ty  years, when the observation techniques by means o f which we are able 
to  “ see” deep into the G alaxy’s centre have developed. As a result of the ob­
servations made at different wavelengths a striking similarity between the 
nucleus o f the Milky W ay and that of the so-called SEYFERT-galaxies (i.e. 
galaxies with very active nucleus) has been revealed.

A t present the nucleus o f  our Galaxy is relatively at rest. Its energy 
release is only 10 times as m uch as that of the SEYFERT-galaxies and less 
than  1 0 _J times of that o f th e  quasars. More and more evidences accumulate, 
how ever, to support the fact th a t also in the history o f our Galaxy there are 
very active periods. In these periods the SEYFERT-character manifests itself 
by th e  strong infrared and radio emission as well as by the high-speed material 
outflow .

J .  H . Oort an d  co -w o rk ers  (G . W . Rougoor, 1964) w ere th e  f ir s t  to  s ta te  
t h a t  a t  a  d istance o f 3 k p c  f ro m  th e  G alaxy’s c e n tre  a n  ex p an d in g  a rm  can  be 
fo u n d  b o th  on th e  facing a n d  th e  opposite  side. (O n th e  side  facing us th e  rad ia l 
v e lo c i ty  is ab o u t 50 km /sec ). B o th  th e  o u tw ard -d irec ted  gas m o tion  a n d  th e
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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 3 • 1058 erg energy must have been released (this is 
equal to the mass o f 104 suns). I f  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 estim ations, 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 o f it is 
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 o f 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 o f the  
normal spiral galaxies recurring periodically.

(In  1970 a n a lo g u e  considera tions m a d e  L . M. Ozernoy assum e th a t  th e  
s tro n g  rad io g a lax ie s , th e  N -ty p e  co m p ac t ga lax ies  an d  th e  q u a sa rs  a re  n o t  
d iffe ren t g a lax y  ty p e s  b u t  a re  ra th e r  th e  s tro n g ly  ex c ited  form s o f  th e  e llip tic , 
co m p ac t an d  su p e rc o m p a c t galaxies.)

L e t us r e tu rn , h o w ever, to  our G a lax y . A ccord ing  to  re c e n t a ssu m p tio n s , 
th e  sup erm assiv e  s ta r  (p e rh ap s b lack-hole) o f  a t  le a s t 108 so la r m asses, p e r io d i­
ca lly  fo rm ed  in  th e  c e n tre  o f  th e  M ilky W a y  is responsib le  fo r th e  r e p e a te d  
explosions in  th e  n u c le u s , an d  its  a c tiv ity  a lso  c o n tr ib u te s  to  th e  lo n g -te rm  p e r ­
sistence o f  th e  g a lac tic  d e n s ity  w ave. T h e  fo rm a tio n  an d  re g e n e ra tio n  o f  th e  
o b jec t a re  b ased  f i r s t  o f  all on th e  g ra v ita t io n a l  acc re tio n  o f  th e  in te rs te l la r  
(or in te rg a lac tic )  gas. H ere  som e p rob lem s a rise  connec tion  w ith  th e  r a te  o f  
acc re tio n , since th e  gas q u a n t i ty  deriv ing  fro m  th e  ev o lu tio n a ry  m ass loss o f  
th e  n e a r-c en tre  (R  <  100 pc) s ta rs  am o u n ts  a n n u a lly  on ly  to  2 • 10s M0 (van der 
Kruit e t a l., 1972) a n d  th e  in flow  o f th e  in te rg a la c tic  gas, observed  in  th e  fo rm s 
o f  h igh-speed  h y d ro g e n  clouds an d  m a in ly  a t  g re a t g a lac tic  la ti tu d e s  gives 
a v a lu e  sm alle r b y  a n  o rd e r o f  m ag n itu d e  th a n  expec ted . M ost o f  th e  r e ­
searchers, how ever, in c lin e  to  accep t th e  e x p la n a tio n  on  th e  fo rm atio n  o f  th e  c e n ­
t r a l  su p e rs ta r  b y  a c c re tio n , because on  th e  o n e  h a n d , i t  is possib le  t h a t  o n ly  a 
frac tio n  o f  th e  gas in flow ing  a t  h igh  la ti tu d e s  h a s  b een  o bserved  so fa r  a n d  th e  
Lynden—Bell m ech an ism  m en tio n ed  a b o v e  m a y  tra n s p o r t  gas o f  su ffic ien t 
q u a n ti ty  in to  th e  c e n tre  a long  th e  ga lac tic  p la n e . O n th e  o th e r  h a n d , on  th e  
basis o f  th e  a c c re tio n  h y p o th esis  th e  s t ru c tu re  o f  th e  sp ira l ga lax ies ca n  be  
considered  as th e  p ro d u c t  o f  a  large-scale cycle , in  w hich  th e  q u a s i-s ta tio n a ry  
d en sity  w ave g e n e ra tin g  th e  sp ira l a rm s re g a in s  i ts  slow ly d iss ip a tin g  en e rg y  
th ro u g h  th e  re c u rr in g  explosions o f a c e n tra l  superm assive  o b jec t fa c il i ta tin g  
its  cyclic fo rm a tio n  th ro u g h  i ts  sh eer ex is ten ce .

In  conclusion , i t  m a y  be said  th a t  th e  larg e-sca le  m orphological fe a tu re s  
o f  o u r G alaxy  a re  th e  re su lts  o f  cyclic p rocesses governed  b y  its  g ra v ita tio n a l 
fie ld . A t th e  o rg a n iz a tio n a l level o f  th e  G a la x y  i t  a lso  proves to  be t r u e  t h a t  th e
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Table I

Core activities o f different galaxies

O b jec t
L u m in o s ity

(erg /s)
D u ra tio n  o f  life  

(y ea rs )
T o ta l  e m itte d  

en erg y
(erg)

T o ta l  o b se rv ed  
k in e tic  en e rg y

(erg)

Q u a s a r s 1 0 « - 1 0 « 1 0 e 1082 1 0 80

S e y f e r t l O ^ - l O 45 10s 10“ 1 0 « — IO80

M ilk y  W a y 1039—  i o 10 IO10 1 0 « 1053— 10м

s y s te m -c h a ra c te r  o f a  h ig h er lev e l is n o t  d e te rm in e d  b y  th e  e n try  o f  n ew  k in d s  
o f  e n e rg y , b u t  r a th e r  b y  a  fa m ilia r  fo rm  o f  in te ra c tio n  (in  o u r case th e  g ra v i­
t a t io n a l  one) w hich is n o t co n sp icu o u s a t  sm a ll d im ensions b u t  h as  a lo n g  a c tio n  
ra d iu s  f re e  o f  in te rfe ren ce  d u e  to  th e  e lim in a tio n  o f  sh o rte r  ran g e  in te ra c tio n s .

W e  h a v e  seen th a t  la rg e -sca le  cylic  processes in  th e  G alax y  — m o st 
p ro b a b ly  — are  closely c o n n e c te d  w ith  one a n o th e r , a n d  th e  space d im en sio n  o f  
th e  d e n s i ty  w ave p ro p a g a tin g  in th e  G a lax y  disc is com m esurab le  w ith  t h a t  o f  
th e  w h o le  sy stem  (w hich, on  th e  o th e r  h a n d , c a n  h e  d e m o n s tra te d  in  th e  u n i­
v e rs a l tim e-sp ace  d iag ram , a t ta c h e d  to  th e  ro ta t io n  period). S ince th e  v e lo c ­
i t y  v a lu e s  o f  th e  p rocesses d iscu ssed  ab o v e  exceed  b y  a b o u t tw o  o rd e rs  o f  
m a g n i tu d e  th e  average  1 k m /sec  c h a ra c te r is tic  fo r th e  m ain  s tr ip  B , i t  seem s to  
b e  p o ss ib le  th a t  th e  te n d e n c y  o ccu rrin g  in  m e ta g a la c tic  d im ensions a p p e a rs  
a l r e a d y  a t  th e  level o f  th e  G a la x y , i.e . th e  s tr ip  o f  m echan ica l rh y th m s  converges 
to w a rd s  th e  range  o f  e lec tro m ag n e tic  p h en o m en a .
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К Р У П Н О М А С Ш Т А Б Н Ы Е  Ц И К Л И Ч Н Ы Е  П Р О Ц Е С С Ы  В П Р Е Д Е Л А Х  Г А Л А К Т И К И

Б. Б АЛ АЖ

Р е з ю м е

К рупн ом асш тан ы е цикличны е п роц ессы  в пределах  Г ал ак ти к и  с в о д я т с я  к  сле­
дую щ ем у:

а) свободны е о сц и л яц и и  в поле силы  т я ж е с т и  Г ал ак ти к и  (вращ ение и эп и ц и кл и ч н о е  
движ ение),

б) во л н а  квазистационарной  гр ав и тац и о н н о й  густоты, создаю щ ая сп и р ал ьн ы е  
с тр у к ту р ы  (Л и н , 1964),

в) о с ц и л л я ц и я , вы зван н ая  цикличной д еятел ьн о стью  яд р я  Г ал ак ти к и .
В о л н а  густоты  (б) вр ащ ается  к ак  ж е с т к о е  тел о  в о к р у г  центра Г а л а к т и к и  (период  — 

5 • 10® лет). С оответвенно этом у, звезды  п ер ем ещ аю тся  с  гораздо больш ей  у гл о в о й  ско ­
ростью , на  с тр е л ах  сп и р ал ей  нах о дятся  звезды  с  возрастом , увеличиваю щ им ся в  н ап р авле­
нии вр ащ ен и я  Г ал а к ти к и . Стрелы спиралей  я в л я ю т с я  таким и показательны м и  не потому, 
что они богаче вещ ествам и, а  в  связи  с о сво б о ж д ен и ем  в  них  больш его к о л и ч е с тв а  энергии 
под действием  м олоды х объектов, х ар ак т ер и зу ю щ и х ся  повышенной светим остью .

В ви ду  хорош о развитой , вы раж енной  с п и р а л ь н о й  структуры  г а л а к т и к  м о ж н о  с у ­
дить о нал и чи и  ни зко го  зн ач ен и я  удельного м о м ен та  им пульсов и повы ш енной  к о н ц ен тр а ­
ции м ассы .

Я др о  наш ей  Г а л а к т и к и  относительно сп о к о й н о е . О днако, есть п р и зн а к и  сви детель­
ствую щ ие о том , что оно бы ло периодически ак ти в н ы м  с интенсивными эм и сси ям и  инфра­
к р асн о й  р ади ац и и  и р адиоволн , а  так ж е  с  вы б р о сам и  вещ еств, (в).

О с ц и л л яц и я  ко н тр о л и р у ется  эк сп л о зи о н н ы м  циклом  пр о д о лж и тел ьн о стью  в  500 
м и л лионов  л ет , чем и  обусловлен периоди ческий  х ар ак тер  Зейф ерт н аш ей  Г ал ак ти к и . 
Э ксп лозии  обусловлены , по-видимому, п р и су тстви ем  в  центре Г ал ак ти к и  суперм ассивной  
звезды  (с при м ерно  10®-кратной величиной с о л я р н о й  массы).

Г ал а к ти ч ес к и й  у р о вен ь  организации м ате р и и  характеризуется  нен аруш ен н ы м  пре­
обладанием  грави тац и о н н о го  взаим одействия м асс . Соответствующие дан н ы е  скоростей  
зам етно , п ри м ерно  н а  д ва  п о р яд ка  больш е ср ед н ей  ско р о сти  полосы В , с о став л я ю щ ей  1 км 
в  сек . В полне во зм ож но , что это обусловлено ко н вер ген ц и ей  полос А и В  в  м етагал ак ти - 
чески х  м асш табах .
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COSMOLOGY WITH A MATERIAL VACUUM1
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By
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Some of th e  observational evidence favouring a new kind of s te ad y  s ta te  cosmol­
ogy are described. D ifferent types of galaxies as well as their evolution phases and the
effects generating these phases are discussed.

In  B ig-B ang cosm ology, p rim aev a l inhom ogeneities o f  so m e  k in d  lead 
to  g a lax y  fo rm atio n . Possib le  th eo ries  are  severe ly  re s tric ted  [1 ], h o w ev er, by 
th e  o b se rv a tio n  o f  iso tro p y  in  th e  m icrow ave b ack g ro u n d  an d  th e  n e e d  to  id en ­
t ify  som e fa c to rs  (e.g. an g u la r m o m en ta ) responsib le  for e v o lu tio n  in to  dif­
fe re n t ty p e s  of g a lax y . N o such  th e o ry , h ow ever, successful in  th e s e  respects, 
acco u n ts  for th e  s t ru c tu ra l  d ifferences b e tw een  clusters c o n ta in in g  ellip tica l 
galax ies and  th o se  co n ta in in g  sp ira l ga lax ies [2].

T h is p a p e r describes som e o f th e  o b se rv a tio n a l evidence fa v o u r in g  a new 
k in d  o f s tead y  s ta te  cosm ology w hich  avo ids these  prob lem s. A cco rd in g  to 
th is  th e o ry  [3], a c lu s te r  o f  galaxies is a q u asi-in d ep en d en t cell in  an  in fin ite  
un iv erse  w ith  a m a te r ia l c o n te n t o f  ~  1014 — 1015 M 0 u n d e rg o in g  a quasi- 
cyclic evo lu tion  on  a tim escale  o f  ~  5 • 1010 years. In  th e  co llap se  phase 
( ~  1010y), agg rega tes o f  s ta rs  an d  gas d is s ip a te d  b y  th e  p rev io u s cycle , fo rm  a 
co m p ac t c lu ster o f  E - ty p e  galax ies. I n  th e  expansion  phase , th e y  evo lve  in to  
S -ty p e  and  7 -ty p e  galax ies as th e  c lu s te r  ta k e s  on an  en larged  a n d  m u ch  m ore 
rag g ed  s tru c tu re .2

T his process is basica lly  due to  th e  ev o lu tio n  o f s ta rs  in  th e  sphero idal 
com ponen ts of galax ies w hich th e re b y  te n d  to  dim inish in  size  a long  the  
(H u b b le) sequence E  —► SO/IO  —► S /I .  M ass loss from  sta rs  p e r io d ic a lly  (~10®y) 
leads to  th e  co n s tru c tio n  o f  successive g a lac tic  nuclei [4] w hich  b eco m e super- 
m assive  in  th e  g ra v ita tio n a lly  co llapsed  s ta te  associated  w ith  r e la t iv e ly  b rie f 
ac tiv e  q u asa r an d  S e y fe rt phases. R o ta t io n a l  in s ta b ility  o f  th e se  n u c le i gives 
rise  to  sy m m etrica l e je c ta , in itia lly  recogn ised  as double rad io  so u rces  in  the 
ea rly  m assive E -s ta te , an d  th e n  as successive se ts  of re la tiv e ly  sh o r t- l iv e d  sp iral

1 Paper also presented  a t Meeting of Irish  A stronom ical Science C roup a t  D ublin , Novem­
ber, 1978.

2 M 0 denotes the solar m ass, E, S, I  and  SO m ean elliptical, spiral, irregu la r and  lenticular
galaxies, resp.
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a rm s  feed ing  in to  a b o u n d  d isc  in  th e  su b seq u en t S / I - s ta te . A ccording to  th is  
sch em e , th e  m ass-energy  c o n te n t  o f g ra v ita tio n a lly  co llapsed  nuclei fo rm ed  a t  
in te rv a ls  o f  ~  108y  is ] > 1 0 13M 0 and  is e s se n tia lly  th e  “ m issing m ass” , b u t  
im m e d ia te ly  before co llap se  a n d  a fte r d is ru p tio n , th e  m ass-energy  is so w idely  
d isp e rse d  as to  be lo c a lly  u n o b se rv ab le . T h is p r o p e r ty  exp la ins w h y  q u asa rs  
h a v e  la rg e  g ra v ita tio n a l re d s h if ts  and  sp ira l a rm s re m a in  bound in  sp ite  o f 
th e i r  in it ia lly  re la tiv is tic  e je c tio n . I t  is, o f course , im p lic it, in  th is schem e th a t  
g a la c tic  nuclei are not p o w e re d  b y  b lack  holes.

I n  th is  th eo ry , th e  sp h e ro id a l com ponen t is co n sid e red  to  have an  a p p ro x ­
im a te ly  co n stan t sp ec ific  a n g u la r  m o m en tu m . E ssen tia lly  sim ilar nucle i 
w h ic h  u ltim a te ly  ro ta te  w ith  u n ifo rm  angu lar v e lo c ity  re d is tr ib u te  th e  a n g u la r  
m o m e n tu m  in such a w a y  t h a t  th e  cen tra l h ig h  te m p e ra tu re  ( ~  5 • 109 K ), 
low  a n g u la r  m o m en tu m  p a r t  gives rise, on d is ru p tio n , to  th e  g a lac tic  ha lo , 
w h ile  th e  o u te r, h igh a n g u la r  m o m en tu m  p a r t  g e n e ra te s  th e  disc. Such a  m odel, 
as U n so ld  has show n [5], is in  v e ry  good a g reem en t w ith  observations o f  ch em ­
ica l ab u n d an ces in  th e  G a la x y . Suppose we id ea lise  th is  schem e, assu m in g  an  
in i t ia l  m ass of sp h e ro id a l co m p o n en t M  a n d  sp ec ific  angu lar m o m e n tu m  
(s .a .m .) =  h, and  we su p p o se  th e re  is form ed a  d isc  o f  m ass m w ith  s.a.m . =  
=  kh  3 an d  a halo o f m ass  k m  w ith  s.a.m. — h/к, t h e n  i t  follows th a t

m <[ M jk

(N .B . T h e  com m only  e x p re sse d  view  th a t  th e  d isc  an d  halo have id e n tic a l 
m e a n  s .a .m . is based  on  K i n m a n ’s ra th e r  a rtif ic ia l co m p ariso n  [6] of e s se n tia lly  
nearby g lobu lar c lu ste rs  w ith  gas m uch closer to  th e  cen tre  of ou r G a lax y . In  
th e  o n e  place w here th e  co m p ariso n  can be m a d e  w ith  c e r ta in ty , th e  so lar 
n e ig h b o u rh o o d , th e  s .a .m . d iffe r  b y  a fac to r o f  3 o r  4 ). T h u s , if  th e  in it ia l  g a lac ­
tic  m ass  is ~  10u  — IO ^ M q a n d  th e  s tru c tu re  o f  g a la c tic  nuclei gives к  ~  10 
(say ) th e m  m <  1010—101:liVfo. I f  ~  102 nucle i a re  b u i l t  in  th e  life tim e  o f one 
g a la x y , th e  m ass o f a n y  o n e  se t  o f  sp iral a rm s is o n  th e  o rd er of 108— 109 M 0, 
in  a d e q u a te  ag reem en t w ith  observations.

I t  is a plausib le a s s u m p tio n  th a t  th e  “ m issin g  en e rg y ”  is u su a lly  lo c a te d  
in  a  material vacu u m . T h e  e n e rg y , how ever, in te r m it te n t ly  transfers to  g ra v ita ­
t io n a l ly  collapsed bod ies g iv in g  rise to  a su p e rm a ss iv e , re la tiv is tic , reg im e, i.e. 
m 0 —► у  тп0.3 4 The v a c u u m  m a y  be  considered to  e x is t  o rd in a rily  in  th e  fo rm  o f 
a  co ld , low  d ensity  s u p e r f lu id , i ts e lf  giving rise  to  th e  sm o o th  m icrow ave b a c k ­
g ro u n d . A ccording to  th is  p ic tu re , th e  m a te r ia l v a c u u m  is th e  source o f  all 
p o te n t ia l  energy an d  th o se  effec ts  a ttr ib u te d  to  “ fie ld s”  are  a m an ife s ta tio n  of 
a c tio n  b y  th e  m a te ria l v a c u u m . This is c o n tra ry  to  th e  v iew  of N a tu re  w hich

3 W here к  is a su itab ly  chosen  empirical constan t, describing th e  structure of th e  given 
galaxy .

4 у  is a numerical fac to r describing the relativistic m ass increm ent.
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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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КОСМ О ЛО ГИ Я С В ЕЩ ЕСТВ ЕН Н Ы М  ВАКУУМОМ 

С. В. М. КЛЮБЕ

Р е з ю м е

Р ассм атриваю тся некоторы е факты  наблю дений, б л аго п р и ятству ю щ и х  р азраб откам  
направленн ы м  н а  создан и е новой концепции  косм ологии  в у сло ви ях  п о с то я н ст в а 'с о ст о я ­
н и я  вещ ей. П ри  этом автор  о стан авл и вается  на р а зл и ч н ы х  типах  г а л а к т и к , а  т а к ж е  на и, 
эволю ци онны х ф азах  и  н а  эф ф ектах , вы зы ваю щ их эти  фазы.
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Pulsations w ith  periods of 1 to  100 s ex is t in  th e  electric field of th e  air. The fields 
having am plitudes of 1 V m "1 of order of m agnitude have an  effect b o th  on microorgan­
isms and on w arm blooded animals. The estim ation o f the m easure of th is effect seems to 
be troublesom e and i t  is expected th a t the in te rna tiona l cooperation of Soviet and H un­
garian experts w ill prom ote to solve this problem .

1. In  re c e n t tim e s , th e  effect o f th e  geo m ag n etic  fie ld  a n d  i ts  v a ria tio n s  
on th e  h u m an  e n v iro n m e n t has been  m uch d iscussed . T h e  m eteoro log ica l effect 
could  be s ta tis t ic a lly  confirm ed , th o u g h  th e  m ech an ism  o f th e  in flu en ce  is no t 
c leared , y e t. I n  a d d itio n  to  an  in d irec t b io logical in flu en ce  th ro u g h  m eteoro logi­
cal fac to rs, th e  im m e d ia te  effect o f  th e  geo m ag n e tic  a c tiv ity  on  liv ing  o rg an ­
ism s is also m u ch  d iscussed . Such an  effec t, h ow ever, could  n o t b e  s ta tis tic a lly  
p ro v ed , a t  le a s t in  p u b lish ed  m ateria l, a lth o u g h  in te re s tin g  cases are know n. 
As th e  in te re s t is q u ick ly  increasing  fo r th e  p ro b lem , i t  can  be  ex p ec ted  th a t  
po sitiv e  or n e g a tiv e  s ig n ifican t resu lts  w ill b e  soon  availab le .

2. In  th e  fram ew o rk  of possible b io log ica l effects o f g eom agnetic  v a r ia ­
tio n s, th e  sh o rt-p e rio d  p a r t  o f th e  sp ec tru m  m a y  p lay  th e  m a jo r ro le. I t  in ­
cludes a g rea t v a r ie ty  o f  v a ria tio n s  from  d iffe re n t p h ysica l sources. H ere  on ly  a 
lim ited  p a r t  o f  th e  sp e c tru m , th e  so-called geo m ag n etic  p u lsa tio n s w ill be t r e a te d . 
T hese are v a r ia tio n s  w ith  periods betw een  som e te n th s  o f seconds an d  sever­
al ten s  of m in u te s . T h e  m ost p ro m in en t ones a re  th e  co n tin u o u s  pu lsa tio n s. 
Pc, w ith  th e  im p o r ta n t  subgroups P ci (p ea rl p u lsa tio n s , perio d  a ro u n d  1 s) 
and  Pc 3 —4 (periods 15— 150 s), and  im p u ls iv e  o r irreg u la r p u lsa tio n s , Pi.

The e x c ita tio n  m echan ism  o f th e  p u lsa tio n s  has n o t b een  su ffic ien tly  
d leared  y e t. P i - ty p e  p u lsa tio n s c o n s titu te  a  p a r t  o f  th e  so-called su b s to rm  com ­
plex w hich in c ludes a u ro ra , geom agnetic b a y s , ionospheric  d is tu rb an ces , e tc . 
A ccordingly , th e se  a p p e a r  a t  m o d era te  la t i tu d e s  d u rin g  th e  n ig h t fo r som e 
m in u tes  on a  r a th e r  q u ie t b ackground  w ith  p e rio d s  a ro u n d  1 m in u te .

T he nam e  “ P e a r l- ty p e ”  pu lsa tions is d u e  to  th e ir  p a r tic u la r  ap p earan ce  
on analogous reco rd s, w here  the  envelop o f  th e  e x tre m a  has a  b e a tin g  period  
o f a b o u t 1 m in , th u s  th e  series of p u lsa tio n s a p p e a rs  sim ilarly  to  a  p ea rl neck ­
lace. These are  co n n ec ted  w ith  w ave p ack ag es  or partic les  tra v e llin g  along 
geom agnetic fie ld  lines, an d  reflected  a t  th e  su rface -n ea r p a r t  o f  th e  fie ld  line
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(m irro r in g ) . T h e  m irro ring  p e r io d  is th e  period  of b e a tin g . T hese are  co n n ec ted  
w ith  in s ta b il i t ie s  in  th e  in n e r  p a r t  o f  th e  m ag n e to sp h ere , in  th e  p la sm asp h e re , 
a n d  a lso  w ith  partic les co m in g  in to  th e  low er zones o f  th e  a tm o sp h e re  a fte r  
g e o m a g n e tic  storm s.

P e l-p u lsa tio n s  are  a t  m o d e ra te  la titu d e s  a n ig h t- tim e  p h en o m en o n , 
a p p e a r in g  o n ly  in  a few p e r  c e n ts  o f  all tim e .

S o m e years  ago th e  m a g n e to sp h e ric  orig in  o f  th e  Pc 3 —4 ty p e  (F ig . 1). 
p u ls a tio n s  h a s  been generally  a c c e p te d . R ecen t re su lts  show , how ever, t h a t  a  sig­
n if ic a n t  p a r t  is of in te rp la n e ta ry  orig in .

0910 0912

F ig. 1. Example of Pc 3 pu lsa tions in the electric field  (period about 23 s)

Fig. 2 . A c tiv ity  of geomagnetic pu lsa tions having different periods in  function of th e  scalar 
m agn itude  o f IM F (left) and th e  position  of the peak ac tiv ity  in function of IM F  (right),

T he cu rve 160/B is also draw n

Fig. 3. D ependence of the ac tiv ity  o f 30—40 s period Pc 3 on th e  direction of the IM F; th e  angle 
is measured from th e  S u n -E arth  direction in th e  equatorial plane
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In v e s tig a tio n s  c a rr ie d  o u t on th e  m a te r ia l  o f th e  N agycenk  o b se rv a to ry  
in  W -H u n g a ry  [5, 8 ] h a v e  also p ro v ed  c o n n ec tio n s  ex isting  b e tw een  th e  p a ra m ­
e te rs  o f  th e  p u lsa tio n s  a n d  o f th e  in te rp la n e ta ry  m edium  o r o f  th e  so la r w ind. 
T he sca la r m a g n itu d e  o f  th e  in te rp la n e ta ry  m ag n e tic  fie ld  ( IM F )  de te rm ines 
th e  perio d  o f  th e  p u lsa tio n s  (T  -= 160/B , w h e re  T  is th e  period  in  s, В  th e  m ag­
n itu d e  o f th e  IM F ) (F ig . 2), th e  d irec tio n  o f  th e  IM F  influences th e ir  am p litu d e  
(F ig . 3), b u t  th e  la t t e r  is d e te rm in ed  m a in ly  b y  th e  velocity  o f  th e  so la r w ind 
(F ig . 4). T hese re su lts  a re  v a lid  fo r th e  s h o r te r  period  p a r t  o f  th e  Pc  3 —4 pu l­
sa tio n s u p  to  perio d s o f  a b o u t 40 s (F ig . 5). A bove th is  lim it, th e  connections

Fig. 4. D iurnal change of th e  activ ity  of 15— 20 s pu lsations in dependence on th e  solar wind 
velocity  and th e  partic le  density  (values indicated  are  lower limits of th e  p aram eters in the

groups)

Fig. 5. Change of th e  daily  m axim um  level of am plitudes in function of th e  solar w ind velocity 
and particle density  (the A values in  F igs 4 and  5 are in a rb itra ry  un its)
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a re  le ss  s ig n if ic a n t or even  th e y  h a v e  d iffe ren t c h a ra c te r . I t  is possible t h a t  th e  
lo n g e r  p e r io d  p a r t  (Pc 4) o r ig in a te s  from  m ag n e to sp h e ric  sources.

I t  is  k n o w n  from  sa te ll i te  m easu rem en ts  t h a t  in  th e  space before th e  m a g ­
n e to p a u s e  (in  d irection  o f  th e  S u n ) partic les  can  be  d e te c te d  w hich cam e fro m  
t he  d ir e c t io n  of th e  E a r th , i.e . w h ich  are re fle c ted  (F ig . 6). E ven  m a g n e to h y - 
d ro d y n a m ic  waves w ith  p e r io d s  s im ila r to  th o se  o f  th e  pu lsa tions co u ld  be 
o b s e rv e d . A ccording to  th e o re tic a l  s tu d ies , re f le c tio n  is possible on u n o rd e re d  
m a g n e tic  fie ld s in  th e  m a g n e to sh e a th , th e  a re a  b e tw e e n  th e  m a g n e to p a u se  
a n d  t h e  b o w  shock. The r e f le c te d  so lar p ro to n s a n d  th e  partic les o f th e  so la r  
w in d  e x c i te  w aves w ith  th e  c o r re c t  period  160/В  d u e  to  a tw o-beam  in s ta b il i ty . 
T h e  p ro p a g a t io n  of th e  w av es to  th e  surface o f  th e  E a r th  is unclear.

I t  is  to  be m entioned  t h a t  th e  tim e  of p ro p a g a tio n  o f th e  solar w ind  fro m  
th e  S u n  (2 — 3 days, area  1 in  F ig . 7) and  th e  p e rio d  o f  th e  p u lsa tions i f  th e y  a re  
id e n t i f ie d  w ith  stand ing  w av es  a lo n g  geom agnetic  f ie ld  lines (area 2 ) lie  b e ­
tw e e n  s t r ip s  A  and  В  in  th e  g e n e ra l law  of cy c lic ity , as th e y  correspond to  v e lo c ­
itie s  a r o u n d  100  km /s.

4 . T h e  sensitiv ity  o f  l iv in g  organism s to  m a g n e tic  v a ria tio n s is n o t p ro v e d  
[9]. T h e re fo re , m agnetic p u ls a tio n s  be of a n y  o rig in  can  or can n o t in f lu e n c e  
th e m  d ire c tly .  The p o ss ib ility  o f  an  o th e r m ech an ism  w hich could c re a te  an  
in f lu e n c e , em erged some y e a rs  ago  in  a d iffe ren t a re a  o f  geophysics. N am e ly , in  
m a g n e to te l lu r ic  soundings o f  th e  E a r th ,  th e  p u lsa tio n s  are  used. S u p p o sin g  
p la n e  w a v e s  w ith  v ertica l in c id e n c e , th e  e lec tric  c o n d u c tiv ity  of a p a r t  o f  th e  
E a r t h ’s c ru s t  can be d e te rm in e d  fro m  th e  ra tio  o f  th e  corresponding  e lec tric  
a n d  m a g n e tic  varia tions. T h e se  va lu es  h av e  so m etim es ra th e r  g rea t s c a t te r .

S e v e ra l Soviet g eo p h y sic is ts  [2] suppose t h a t  th e  cause of th is  s c a t te r  is 
th e  n o n -v e r t ic a l  incidence o f  t h e  p u lsa tio n  w aves. I f  p u lsa tions have  a p ro p a -

PLASMA

MANTLE

Fig. 6. S tru c tu re  of the m agnetosphere
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g á tio n  v e loc ity  on th e  su rface , th e n  th e  n o n -v e rtic a l incidence  is  p ro b ab le . 
P u lsa tio n  p ro p ag a tio n s  w ith  velocities 4 0 — 70 hm /s have been  re a lly  m easured  
in th e  S ov ie t U nion [7] (F ig . 8).

A  consequence  o f  th is  su p p o sitio n  m a y  be  th e  ex istence o f  a n  electric  
fie ld  in  th e  air. A tm ospheric  e lec tric ity  h a s  b een  m easured  in  m a n y  o b se rv a to ­
ries fo r a long  tim e , b u t  th e  tim e -re so lu tio n  o f  these records w as  n o t  g rea t 
enough  to  enab le  a s tu d y  o f such  p u lsa tio n  fie ld s . R ecen tly  Ch e t a ie v ’s group 
[1, 3, 6] c a rried  o u t m easu rem en ts  o f th e  a tm o sp h eric  electric  f ie ld , a n d  th e y  
fo u n d  p u lsa tio n -lik e  v a ria tio n s  w hich seem ed  to  be coherent w ith  geom agnetic  
p u lsa tio n s . B o th  Pc 1 an d  Pc 3 —4 ty p e s  w ere  id en tified  (Fig. 9). I n  so m e cases 
a d o u b lin g  o f  th e  p e rio d  in  th e  v e rtic a l e lec tric  fie ld  was found.

B y  th e  help  o f IF Z , m easu rem en ts  o f  th e  short-period  v a r ia t io n s  o f  th e  
v e r tic a l e lec tric  c u rre n t in  th e  a ir  h a v e  b e e n  s ta r te d  in  fa ll 1978 in  th e  N agy- 
cenk  o b se rv a to ry . R esu lts  o f sim ilar m e a su re m e n ts  have n o t b e e n  p u b lish ed

Fig. 7. The place of MHD-waves in the E arth -n ear space in  th e  general law of cyclic ity  (area 1 : 
: length dimension is the length  o f th e  corresponding field line)

67 km/s
Fig. 8. The U krainian netw ork for the determ ination  of pulsation propagation ; propagation  
velocities and average periods a t  each station  (left); and  th e  change of the average periods along

the profile (right) are indicated
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Fig. 9. T im e-frequency-am plitude displays of coherent geom agnetic and vertical electric 
gradient pulsations from  the material of Ch e t a ie v ’s group

v  \J  v  30.10.1978

Fig. 10. V ariations in the  vertica l electric current in th e  N agycenk  observatory w ith  d ifferen t 
periods recorded w ith the IF Z -in s tru m en t

y e t ,  b u t  from  personal c o m m u n ica tio n s  i t  is k n o w n  t h a t  m easurem ents a re  m ad e  
in  G eorg ia . D uring  th e  v e ry  sh o rt in te rv a l since th e  b eg inn ing  o f th e  m e a su re ­
m e n ts , o n ly  in itia l re su lts  c o u ld  be ob ta ined . T h e  m o s t im p o rta n t is t h a t  v a r ia ­
tio n s  o f  periods in  th e  p u lsa tio n s  range do e x is t, th e i r  am plitudes a re  a ro u n d  
1 0 - 8— 1 0 “ 9 A jm2, i.e . g re a te r  b y  several o rders o f  m a g n itu d e  th a n  th e  v e r t ic a l  
c u r re n t  itse lf  (10-11— 10 ~12 ^4(m2) [7] (Fig. 10) I n  ag reem en t w ith  th e  S o v ie t 
re s u lts ,  th e  am p litu d e  o f  th e  pu lsa tions decreases v e r y  rap id ly  in  th e  m o rn in g  
h o u rs , e.g . be tw een  7 a n d  9 h  L T  b y  a fac to r o f  3. N ev e rth e le ss , no u n a m b ig u o u s  
c o rre la tio n  was fo u n d  b e tw e e n  pulsations in  th e  v e r t ic a l  cu rren t an d  geom ag­
n e tic  p u lsa tio n s , b u t  th is  m a y  be due to  th e  m e n tio n e d  period  changes (d o u ­
b lin g ).

5. On th e  basis o f  a ll th e s e  i t  seems th a t  a  c o n tin u o u s  chain  of in fo rm a tio n  
tra n sm iss io n  is k n o w n  b e tw e e n  in te rp la n e ta ry  m e d ia  an d  th e  surface o f  th e  
E a r th  th ro u g h  th e  p u ls a tio n s . Such a s ta te m e n t w o u ld  be, how ever, to o  e a rly .
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Fig. 11. T he change of the pulsation period in  function  of the latitude (events inves tiga ted  by
J .  Cz. MlLETITS)

T h ere  a re  b asic  co n trad ic tio n s  in  co n n ec tio n  w ith  th e  la titu d e  d e p e n d en ce  of 
p u lsa tio n  perio d s. A ccording to  re c e n t in v e s tig a tio n s  m ade in  t h e  G eodetic 
a n d  G eophysica l R esearch  In s t i tu te  o f  th e  H u n g a ria n  A cadem y o f S c iences, th e  
p e rio d  o f  geom agnetic  pu lsa tio n s chan g es in  m o st cases w ith  th e  la t i tu d e ,  th e  
r a te  o f  th e  change being  h igh ly  v a ria b le  b e tw e e n  0 and  15 p er c e n t fo r  a  degree 
o f  la t i tu d e  (F ig . 11). Such a change c a n  b e  fo u n d  even in  th e  m a te r ia l  from  
U k ra in a  [7] a n d  F ig . 7, to o , on  a  d is ta n c e  o f  200 km /s. T he d ep en d en ce  on  la t i ­
tu d e  o f  p e riods is in  co n trad ic tio n  w ith  th e  fo rm u la  160/B w hich  y ie ld s  a  ce r­
ta in  p e rio d  fo r a c e r ta in  IM F  all o v e r th e  E a r th ,  b u t  also^vith  th e  p ro p a g a tiv e  
c h a ra c te r  o f  th e  p u lsa tio n s.

6 . A s a  conclusion , p u lsa tio n s  w ith  perio d s o f 1 —100 s e x is t  w ith o u t 
d o u b t in  th e  e lec tric  fie ld  in  th e  a ir. V l a d im ir s k y  e t al [9] fo u n d  t h a t  fie lds 
h a v in g  freq u en c ies  n ea r those  t re a te d  h e re  a n d  am p litu d es o f th e  o rd e r  1 V m ~ 1 
h av e  effects b o th  on  m icroorganism s a n d  w arm b lo o d ed  an im als. A t  th e  sam e 
tim e , m ag n e tic  fie lds p roved  to  be in e ffec tiv e . I t  can  be, th e re fo re , supposed  
th a t  a p a r t  o f  th e  so lar effects ex p erien ced  b y  liv ing  organism s c a n  b e  th ro u g h  
p u lsa tio n s .1

1 See: E. S zAd e c z &y - K a r d o s s : Cyclicity, T heory  and  Practice. Comission on  Geonomy 
of the H ung. Acad. Sei. and the Hung. A stronautica l Society, B udapest, 1978.
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I t  is, how ever, v e ry  d iff ic u lt to  e s tim a te  su c h  an  effect. T he p o ss ib ility  
h a s  b e e n  m en tio n ed  t h a t  th e  p u lse -ra te  o f  th e  h u m a n  h e a r t  an d  th e  r a te  o f  
r e s p ira t io n  can  be c o n n e c te d  w ith  p u lsa tio n  p e r io d s  as coded p a leo -periods. 
S u ch  a  con n ec tio n  seem s a t  p re se n t n o t v e ry  p ro b a b le ;  th e  Pc 1 p u lsa tio n s  h a v e  
th e  c o r re c t  period  o f  th e  p u lse , b u t  th e y  a p p e a r  a t  m o d e ra te  la titu d e s  to o  sel­
d o m  (som e p er cen t o f  th e  t im e ) ; Pc 3 —4 a re  m o re  co n tinuous, la s t  som etim es 
m a n y  h o u rs , b u t h a v e  p e rio d s  m uch  longer th a n  th e  r a te  o f re sp ira tio n . A cco rd ­
in g  to  th e  fo rm ula  160/ B. a  m u ch  (4 —5 tim es) s tro n g e r  in te rp la n e ta ry  m a g n e t­
ic  f ie ld  w ould  he n eed ed  fo r  su ffic ien tly  sm a ll-p e rio d  pu lsa tions. T hus, n e ith e r  
h y p o th e s is  seem s to  be  v e ry  rea listic .

I t  is hoped  t h a t  th e  S o v ie t—H u n g a ria n  co -o p era tio n  will p ro m o te  an  
u n d e rs ta n d in g  o f  in  th is  in te re s tin g  field o f b io lo g ica l influences.
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Г Е О М А Г Н И Т Н Ы Е  П У Л Ь С А Ц И И  К А К  В О З М О Ж Н О Е  З В Е Н О  С В Я ЗИ  М Е Ж Д У  
М Е Ж П Л А Н Е Т Н О Й  С Р Е Д О Й  И З Е М Н О Й  П О В Е Р Х Н О С Т Ь Ю

Й. ВЕРЕ

Р е з ю м е

В  электрическом  п оле  в о зд у х а  сущ ествую т п у л ь с а ц и и  с периодом от 1 до 100 сек . 
Э л ек тр и ч еск и е  поля с  ам п л и ту д ам и  п о р яд ка  1 V m -1  о к азы в аю т  влияние к а к  на  м и к р о о р ­
ган и зм ы , т а к  и на теп л о к р о в н ы х  ж ивотны х. В ы чи сление разм еров  этого эф ф екта будет, 
по ви д и м о м у , затруднено , но е сть  н ад еж д а  на то, что в  р а м к а х  м еж дун ародного  с о т р у д н и ­
ч ества  с о в е т ск и х  и вен гер ск и х  сп ец и али сто в  м ож но бу д ет  подойти ближ е к  реш ению  эт о й  
проблем ы .
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CYCLICITY IN THE HISTORY OF MATTER 
AND ITS APPLICATION TO THE ELEMENTARY 

STRUCTURE-BUILDING PROCESSES 
OF THE SOLAR SYSTEM

By

Sz. BÉRC ZI

DEPARTMENT OF ASTRONOMY, EÖTVÖS LORAND UNIVERSITY, BUDAPEST

S tarting  from  a basic theorem  of dialectics an d  th a t  of history  of m a tte r  th is work 
m ade a ttem p ts  to  construct a uniform natural-philosophical principle for th e  elem entary 
stru c tu res  and  structure-build ing processes. A conclusion th a t  the h is to ry  of m a tte r is 
an a lternating  sequence of structuralization (crystallization) and gas periods has been 
deduced. The principle has been applied to  u n d ers tan d  a general view o f th e  tw o ele­
m en tary  structu re-bu ild ing  processes of Solar System  evolution: chemical crystallization  
and  grav ita tional crystallization.

S ta r tin g  fro m  tw o  ax iom s an  a t te m p t c a n  be  m ade to  c re a te  a  un ifo rm  
n a tu ra l-p h ilo so p h ic a l p rin c ip le  of m a te ria l s tru c tu re s  and  p rocesses. T h e  roo ts 
o f b o th  ax iom s d e riv e  fro m  th e  la s t c e n tu ry . O ne o f  th em  w as fo rm u la te d  in 
th e  d ia lec tic  p h ilo so p h y  as a general p rin c ip le : th e  q u a lita tiv e  ch an g es tu rn  
in to  q u a n ti ta t iv e  ones. T h e  o th e r  is th e  m a te r ia l-h is to ric a l p rin c ip le  com posed 
o f  th e  p a r t- re s u lts  o f  p ro fessional sciences: th e  changes o f m a t te r  c a n  be a r­
ran g e d  in to  an  ev o lu tio n  sequence. O ur aim  is to  in v es tig a te  a m odel w h ich  sa t­
isfies s im u ltan eo u sly  b o th  axiom s. Such a m odel has been  f i r s t  d ev e lo p ed  in  
q u a n t i ta t iv e  fo rm  b y  S z á d e c z k y - K a r d o s s  (1977).

In s te a d  o f  a h is to ric  rev iew  references a re  m ad e  to  th e  re su lts  o f  H u b b l e  
(1929), G a m o w  (1948), P e n z ia s  and  W il s o n  (1964; ra d ia tio n  o f  th e  b ack ­
g ro u n d ), an d  re g a rd in g  th e  petro log ica l d if fe re n tia tio n  to  th o se  o f  B o w e n .

In  th e  re sea rch  o f  n a tu ra l  p henom ena  i t  is an  old v ie w p o in t to  group 
th e m  in to  tw o a sso c ia tio n s : i.e. s tru c tu re s  b e in g  te m p o ra lly  s ta b le  eq u ilib riu m  
s tru c tu re s  and  processes in  w hich th e  te m p o ra l change m eans th e  essence of 
th e  phen o m en o n . B o th  o f  th e m  are ex trem e  m odels and  th ro w  l ig h t  u p o n  an  
essen tia l fe a tu re  o f  th e  h u m a n  percep tion  o f  N a tu re : th e  p e c u lia r  se p a ra tio n  
o f space an d  tim e .

B etw een  s tru c tu re  an d  process th e  s tru c tu re -b u ild in g  process m ean s th e  
connection .*  I f  th e  g iv en  s tru c tu re  is a c ry s ta l, th e n  th e  fo rm a tio n  o f  th e  s tru c ­
tu re  is p receded  in  t im e  b y  th e  c ry s ta lliza tio n  p rocess. The a lte rn a tin g  sequence 
o f  s tru c tu re -b u ild in g  p rocesses and  s tru c tu re s  p ro d u ces th e  c o n s tru c tio n  o f th e

* This is the system -building cycle process itself (no te  of the editor).
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c h a in  o f  m a te ria l h is to ry . T h e  b asic  u n it of th is  cyclic  s tru c tu re  is th e  “ s t ru c tu re  
fo rm a t io n  — s tru c tu re ”  p e r io d  p a ir. This p ro d u ces a sequence o f  p rocesses o f 
s t r u c tu r e  — s tru c tu re - fo rm a tio n  w hich bears  th e  essence of each  ch a in -lo o p  
o f  m a te r ia l  h isto ry  fa lling  to  th e  fields of d iffe ren t discip lines. E sse n tia lly , th e  
s tru c tu re - fo rm a tio n  p ro ceed s  in  th e  cluster o f  th e  sam e p artic les (s tru c tu re s )  
b e in g  in  s ta tis tic  m o tio n  (“ gas-like” b eh av io u r). T he s tru c tu re  fo rm a tio n  
a ssu m e s  th e  existence o f  a  fo rm e r “ gas-form ing”  s tru c tu re  th e  c o n d en sa tio n  
o f  w h ic h  produces th e  s t r u c tu r e  o f  th e  basic u n it .  N evertheless, i f  th e  s tru c ­
tu r e ,  p ro d u ced  b y  th e  s tru c tu re -fo rm a tio n  — s tru c tu re  p eriod -pa ir reg a rd ed  
as b a s ic  u n it of th e  m a te r ia l-h is to r ic  cha in , a p p e a rs  in  su ffic ien tly  g rea t 
n u m b e r ,  i t  m ay also be th e  s ta r tin g  m a tte r  (p a r tic le )  o f th e  n e x t la rgescale  
s tru c tu re -fo rm a tio n .

T h e  large-scale s tru c tu re - fo rm a tio n  process h as  to  be p receded  b y  th e  
a c c u m u la tio n  of a g rea t n u m b e r  o f previous s tru c tu re s . I t  is n o t in e v ita b le ,

F ig. 1. S tab ility  of atom ic nuclei as a function of p ro ton  and  neutron num ber (from  J e f  
P o s k a n z e r ,  Sei. Am. Sept. 1978). S table atomic nuclei lie in  th e  bottom  of the energy valley. 
Iso to p es  lying in the slopes (realiz ing  the evolution) get to  th e  favoured stable s ta te s , i.e. the  

valley’s b o tto m  b y  means of radioactive decomposition
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h ow ever, th a t  th e  deve loped  s tru c tu re  shou ld  pass in to  a s tru c tu re -fo rm a tio n  
process even i f  i t  w as g e n e ra te d  in  g rea t n u m b er. T h is is o n ly  a  p o ss ib ility  and  
in  th e se  cases th e  tr ia ls  o f  ev o lu tio n  come to  th e  f ro n t  se lec tin g  (e.g . b y  m eans 
o f som e econom ic p rinc ip les) th e  op tim a l v a r ie ty , i.e . th e  basis  o f  fu r th e r  evolu­
tio n  o u t o f th e  v a rie d  s tru c tu re s  o f  essen tia lly  th e  sam e c o n s tru c tio n  g enera ted  
d u rin g  th e  s tru c tu re  fo rm a tio n  (F ig . 1).

T he m ost com m on process o f  s tru c tu re  fo rm a tio n  is chem ica l c ry s ta lliz a ­
tio n . (The s tab le  s tru c tu re s  are  d en o m in a ted  as “ c ry s ta ls ”  as g enera l te rm , 
w hile s tru c tu re  fo rm a tio n  w ill be  called  “ c ry s ta lliz a tio n ” .) T h e  face  o f  th e  ob­
serv ab le  w orld  h as  b een  deve loped  b y  d iffe ren t “ c ry s ta lliz a tio n ” , i.e . s tru c tu re -  
fo rm a tio n  processes th ro u g h  th e  h ie ra rch y  o f  th e  re c e n tly  k n o w n  “ c ry s ta ls” 
(T able  I) , i.e. s tab le  s tru c tu re s  (S z á d e c z k y - K a r d o s s : C yclic ity , e tc ., 15—16, 
1977.). In  f irs t a p p ro x im a tio n  i t  can  be sa id  th a t  th e  history o f  matter is the

Table I

The hierarchy o f  stable-structures involves the evolutionary stages of matter

Cosmic - ladder — Set of galaxies

-  Galaxy

-  Set of stars

-  Star

-  Satellite

Quantum - ladder

Planet

-  Rock

-  Crystal

-  Molecule

-  Nucleon

Elementary
particles

-I Society

-  Man f-

Manicell

Cell

DNA -  RNA

Life - ladder
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history o f  “crystallizations'*. T a k in g  in to  co n sid e ra tio n  also th e  “ g as”  periods 
s e p a r a t in g  th e  ind iv idual s ta b le  s tru c tu re s  th e  h is to ry  o f  m a t te r  d isp lays th e  
a l te r n a t io n  of the  c ry s ta ll iz a tio n  a n d  gas periods.

I n  th e  constru c tio n  o f  s t ru c tu re s  th e  sequence o f  s tru c tu re s  realizes a t  th e  
sa m e  t im e  th e  m u tu a l “ in te rb e d d in g ” . In  th e  re a li ty , how ever, o v erlap p in g  
m a y  o c c u r  betw een  th e  d if fe re n t  s tep s  of c ry s ta lliz a tio n , b ran ch es  m ay  ap p e a r 
in  t h e  c h a in  of m a te ria l h i s to r y  a n d  n o t su b se q u e n tly  condensed  s tru c tu re s  
m a y  a lso  ta k e  p a r t in  th e  m a k e -u p  o f fu r th e r  s tru c tu re s . I n  th e  ev o lu tio n  h is ­
to r y  o f  m a te r ia l the  fo llow ing  a sp e c ts  can  be em phasized .

1. T h e  ind iv idual s t r u c tu r e  ty p e s  are  o f  v e ry  d iffe re n t d im ensions an d  
th e  r a n g e s  o f  dim ensions a re  s e p a ra te d  from  each  o th e r  b y  a  “ v o id ”  o f  severa l 
o rd e rs  o f  m agn itude) th is  is r e a l ly  a  v e ry  sparse  space  o f  gas).

2 . I n  each d im ension  ra n g e  th e  ty p e  w h ich  w ill be  p re p o n d e ra n t is 
s e le c te d  fro m  several possib le  v a r ie tie s : th e  m ost econom ic s tru c tu re  becom es 
p re d o m in a tin g .

3 . T h e  m ost successful v a r ie ty  is g en era ted  in  su ch  a q u a n t i ty  th a t  it  
s u p p re s se s  th e  increase o f  th e  o th e rs .

4 . T h e  cluster o f p a r tic le s  o f  th e  p re d o m in a tin g  ty p e  follow s s ta tis tic  
p h y s ic a l  law s in  its  e v o lu tio n  (m o tio n ).

5 . T h e  evolution  o f th e  gas-like  m a te ria l c lu s te r  tu rn s  b y  an d  b y  in to  
c ry s ta l l iz a t io n  process (e.g. b y  th e  chang ing  p , c, T  cond itio n s). T h e  elem ents 
o f  n e w  s tru c tu re s  are th e  p a r t ic le s  c ry sta llized  till  t h a t  tim e .

6 . I n  harm ony  w ith  th e  la w  o f m ass effect a f te r  th e  c ry s ta lliz a tio n  p ro ­
cess u s u a l ly  considerably  q u a n t i ty  o f  gas(phase) rem a in s  d u e  to  th e  decrease in 
c o n c e n tra t io n .

7 . T h e  sequence o f  c ry s ta ll iz a tio n s  rep resen ts  an  ev o lu tio n  because  of 
th e  sp o n ta n e o u s  ir re v e rs ib ility  o f  th e  process.

8 . T h e  s tru c tu re  ty p e s  s e p a ra te d  b y  orders o f  m a g n itu d e  in  space and  
t im e  c a n n o t  be tran sfo rm ed  in to  e ach  o ther. T he ty p e s  p rese rv e  th e ir  s tru c tu re  
as in c lu s io n s  ch a rac te ris tic  o f  th e  prev ious period . A  consequence  o f th is  is th e  
h ie r a r c h ic  “ in te rbedd ing”  o f  th e  s tab le  s tru c tu re s  o f  th e  U niverse .

9. T h e  c ry sta lliza tio n  s te p s  o f  m a te ria l h is to ry  a re  th e  s tep s  o f c ry s ta l­
l iz a t io n  d iffe ren tia tion . T h e  c ry s ta ls  o f th e  p a s t p e rio d  are  o ften  p rese rv ed  also 
in  th e  n ew  c rysta lliza tion  p e r io d s  in  form  o f n o n -eq u ilib riu m  inclusions. T he 
im p e r fe c t  c rysta lliza tion  p ro v id e s  a  possib ility  to  th e  co g n itio n  of N a tu re , an d  
to  d e c ip h e r  its  h istory .

10. I n  th e  gas p e rio d  th e  in te ra c tio n  is e spec ia lly  in te n se  b e tw een  th e  
p a r t ic le s .  P ara le lly  w ith  “ c o o lin g ”  o f  th e  gas th e  fo rce  d e riv in g  fro m  th is  in te r ­
a c tio n  p erfo rm s labour b u ild in g  u p  th e  gas p a rtic le s  in to  s tru c tu re .

11. T he stable s tru c tu re s  sa tis fy  d e fin ite  sy m m e try  cond itio n .
12. T he shell-like se q u e n c e  an d  d ifferen t ages o f d iffe ren t s tru c tu re s  

r e p r e s e n t  th e  distance-like p re se n c e  of tim e-coord ina tes in  th e  U n iverse . The
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past o f matter is w ithin and around us. I n  th is  m a n n e r  are u n ited  th e  tim e -a n d  
space-co o rd in ates  w h ich  are  h igh ly  s e p a ra te d  in  o u r tra d itio n a l w o rld .

T he m odel c a n  be  d e m o n s tra te d  in  o n e  d im en sio n  (Fig. 2) b y  th e  a l te rn a ­
tio n  o f  th e  c ry s ta lliz a tio n  an d  gas periods. L e t  th e  chain  o f h is to ry  o f  m a tte r  
know n in  a  g iven  m o m e n t be  sym bolized  b y  th e  un iform  covering  o f  a  line:

ш а — m \— v m — v m m a ш г ~
1I

A ш ш ш л  .....

В ш ж .

F ig . 2. The model of history of matter based on the alternation of crystallization and g a s  period 
can be restricted ( A ) ,  resp. enlarged ( B )  conserving the feature of cyclic ity

th e n  th e  perio d  co n sis tin g  o f  several s tru c tu re s  — fo rm atio n  steps ca n  b e  con­
tra c te d  in to  one p e rio d  (A),  or one perio d  c a n  be  d iv ided  in to  sev e ra l periods 
(B)  b y  m eans o f f i t t in g  ra re fica tio n  (A)  or co m p ressio n  (B)  o f th e  co v e rin g . The 
s tru c tu re  o f  h is to ry -m o d e l rem ains u n c h a n g e d  d u rin g  th is  tra n s fo rm a tio n .

T he m odel is b a sed  on th e  chain  o f  s ta b le  s tru c tu re s  and  in te rp re ts  th e  
“ gas-spaces”  s e p a ra tin g  th e  s tru c tu re s , to o . E a c h  stab le  s tru c tu re  is p re se rv ed  
in  th e  “ gas-space”  p reced in g  its  gen era tio n . S im ila rly , in  th e  a to m  th e  av erag e  
energy  level o f  p la sm a  p reced ing  its  fo rm a tio n  is p reserved , an d  th e  sam e  is 
valid  o f  th e  nucleus an d  o f its  s tru c tu re . T h e  D N A  preserved th e  co n d itio n s 
o f th e  p rim itiv e  ocean  in  th e  cell (Gy. Marx). T h e background  r a d ia t io n  of 
2.7 °K  o f th e  p h o to n  perio d  o f th e  H o t U n iv e rse  is th e  m ost u n iv e rsa l. S p h e ri­
cal c lu ste rs  are  th e  re m n a n ts  of th e  p a s t s t i l l  sp h erica l-sy m m etric  loose  and  
d iffusive ran g e  o f  galax ies.

L e t us a p p ly  th is  m odel to  th e  ev o lu tio n  o f  th e  p la n e ta ry  sy s te m  a ro u n d  
th e  su n , i.e. to  t h a t  o f  th e  shell a round  th e  c e n tr a l  s ta r . In  ad d itio n  to  th e  a to m ­
ic an d  m o lecu lar r e m n a n t m ateria ls  o f  th e  c o n trac tio n  to  s ta r ,  tw o  basic 
stab le  s tru c tu re s  b u ild  u p  th is  shell: th e  c ry s ta l  a n d  th e  p lan e t. B o th  o f  th em  
possess a special s tru c tu re , “ la ttic e ” . T he c ry s ta l  la ttic e  is an  E u c lid e a n -la ttic e , 
th a t  o f  th e  p la n e ts  ( ta k in g  in to  co n sid e ra tio n  th e  belts  d issem ina ted  acco rd in g  
to  d en sity ) is spherica l-she lled . S y m m etry  c o n d itio n s  ind ica te  also tw o  consid ­
e rab ly  d iffe rin g  s tru c tu re s .

O n th e  basis  o f  th e  tw o  s tru c tu res  th e  ev o lu tio n  o f th e  p la n e ta ry  sy stem  
can  be d iv id ed  in to  tw o  periods. The sm alle r, e a r lie r  s tru c tu res  are  th e  c ry s ta ls :  
th e  f i r s t  ph ase  o f th e  p rocess is th e  chem ical c ry s ta lliza tio n . The seco n d  phase  
is a g ra v ita tio n a l “ c ry s ta lliz a tio n ”  o f “ gases o f  th e  c ry sta ls”  g e n e ra te d  b y  th e  
f irs t c ry s ta lliz a tio n .
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Fig. 3. T heoretical model o f chem ical crystallization of th e  solar nebula (after L e w is  and  
B a r sh a y , 1975). The m ost im p o rtan t crystals p recip ita ting  a t  th e  given pressure and  tem p era ­
tu re  (resp . in  the joining range around  the sun) can be read  off along the adiabate o f th e  solar 
nebu la . (F rom  th e  top dow nw ards th e  symbols indicate th e  p lanetary  series M ercury, V enus,

E arth , etc.)

T h e  chem ical c ry s ta lliz a tio n  is in it ia te d  b y  th e  h o t gas m a te r ia l o f  th e  
so la r  n e b u la  su rro u n d in g  th e  p ro to s ta r , a f te r  h a v in g  becom e d e tach ed  ta k in g  
a w a y  th e  sp in  o f th e  p ro to s ta r  a n d  th u s  s ta in g  o u t  fro m  th e  su b seq u en t c o n tra c ­
t io n . T h e  sequence o f  m in era ls  p re c ip ita tin g  f ro m  th e  gas nebu la  o f  cosm ic  
e le m e n t a b u n d an ce  has b een  deduced  as a fu n c tio n  o f  tem p era tu re  a n d  (since 
th e  g as  te m p e ra tu re  decreases w hen m o v in g  o f f  th e  p ro to -s ta r) o f  th e  d is­
ta n c e  f ro m  th e  p ro to -s ta r  (L a r im e r , L ew is  a n d  B a r sh a y , Grossm an ; F ig . 3). 
W h e n  c u t t in g  th e  g as-c ry s ta l phase  b o u n d a rie s  in  th e  p — T  d iag ram  b y  th e  
a d ia b a te  g iven  b y  Ca m ero n  app ro ach in g  m o s t fa ir ly  th e  cond itions o f  so la r 
n e b u la , th e  m ost im p o r ta n t  c ry s ta l  c o n s titu e n ts  be long ing  to  th e  g iv en  space  
a n d  te m p e ra tu re  in te rv a l c a n  be  o b ta ined .

I n  th e  space a ro u n d  th e  p ro to -s ta r  th e  c ry s ta ls  are growing an d  a c c u m u ­
la te  b y  m ean s of in e lastic  collisions. This “ c ry s ta l-g a s ”  period can be  c h a ra c ­
te r iz e d  b y  th e  te m p o ra l ch an g e  of d im en sio n -sp ec tra  of th e  c ry s ta l c lu s te rs  
(H a r t m a n n , 1975). T he g ra v ita tio n a l c ry s ta lliz a tio n  is show n by  th e  sn a p sh o ts  
o f  d im e n s io n -sp e c tra  o f th e  p la n e ta ry  system  (F ig . 4). T he in itia lly  p re c ip ita te d  
m ic ro n -s ize  partic les  are  am assed  to  bodies o f  m e tre , la te r  o f k ilom etre  d im e n ­
sio n , i.e . to  p lane tesim als b y  m eans of in e lastic  collisions. These p la n e te s im a ls ,
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Fig. 4. G ravitational crystallization in th e  solar nebula. The accum ulation process o f crystal 
grains, the ir com paction-crum bling equilibrium  and  th e  “ precipitation”  of p lane ts from  the 
cry s ta ls’ gas by  m eans of gravitation labour can be followed in the dim ension-spectra of snap­

shots during the  evolution of the solar system  (applying the data  of H artm ann  1975)

Fig. 5. D iagram  of c ra te r density of two sharp ly  differing regions of the lunar surface (pictures 1 
and  2). The spectrum -range of crumbling of th e  average “ terra” -surfaces nearly  sa tu ra ted  w ith 
c ra te rs  preserves the p rin t of the large-scale detritus-accum ulation  period s ta rted  b y  th e  appear­
ance of planetesim als (picture 2). The “ m are” -surfaces younger in average b y  ab o u t ha lf a 
billion years preserved th e  p rin t of a cleared rock-gas accompanied w ith  sm aller detritus

(picture 1)

A eta Geologica Academiae Scientiarum Hungaricae 23, 1980



170 B É R C Z I, SZ.

Picture 1. M are surface w ith a flow  fro n t from  the Im brium  B asin  (NASA, photo o f L unar
Orbiter)

h o w ev e r, p e r tu rb a te  th e  o rb its  o f  each  o th e r g e n e ra tin g  in  th is  w ay d es tro y in g  
an d  c ru m b lin g  collisions, to o . I n  th e  d im en sio n -sp ec tru m  th e  c u ttin g  line  
o c c u rrin g  in  th e  th ird  d ia g ra m  is a section  o f th e  d im en sio n -sp ec tru m  w hich  
can  b e  r e a d  also from  th e  p r im itiv e  p la n e ta ry  su rfaces  o f  th e  solar sy stem . T h e  
d ia g ra m s  o f c ra te r  d e n s ity  o f  th e  surfaces s c a tte re d  b y  old c ra ters  show  th is  
c u tt in g  lin e  deriv ing  from  d iffe re n t periods o f  th e  so la r  sy stem  (Fig. 5). T o  il­
lu s tr a te  th e  “ cooling”  an d  “ d ilu tin g ”  of th e  c ry s ta ls ’ gas tw o  fa irly  d is tin g u ish ­
able su rfaces  are  show n in  th e  P ic tu re s  1 an d  2. S im ila rly  to  o ther solid p la n e ­
ta r y  su rfa c e s , on th e  s t r a ta  d e riv in g  from  d iffe ren t p la n e ta ry  periods, th e  M oon 
b e a rs  th e  d im en sio n -sp ec tru m  o f  crysta l-gas p e rm e a tin g  th e  solar system  in  th e  
g iven  p e r io d  and  th u s  p r in tin g  its  d im en sio n -sp ec tru m  on th e  considerab le  
c ro ssse c tio n  o f  th e  p la n e ta ry  b o d ies. The reco g n itio n  a n d  id e n tific a tio n  o f  th is  
c ry s ta l-g a s  period  a t  th e  n o n -e ro d ed  p la n e ta ry  su rfaces  is th e  m ost im p o r ta n t  
re s u lt  o f  re sea rch  concern ing  th e  so la r system .
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Picture 2. Prim itive terra around Mare Ingenii a t  th e  back-side of the Moon (N A SA , photo of
L unar O rbiter)
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Conclusions

In  th e  m odel o f  m a te r ia l  h is to ry  the  s ta b le  s tru c tu re s  are th e  m ilestones 
o f  th e  ev o lu tio n  series, th e s e  m ilestones are  c o n n e c te d  b y  th e  “ c ry s ta lliz a tio n  
p e r io d s” . A stab le  s t ru c tu re  is  s im u ltaneously  a  s ta t io n  o f  m ateria l ev o lu tio n  
a n d  th e  com ponen t o f  a m an ifo ld  consisting o f  p a r tic le s  sim ilar to  i t .  K eep in g  
th e  s t ru c tu re  o f th e  m o d e l th e  know n ev o lu tio n  seq u en ce  can be en la rg ed  o r 
re s tr ic te d .

T h e  m odel o f  m a te r ia l  h is to ry  concluding to  th e  a lte rn a tio n  o f th e  c ry s ­
ta l l iz a t io n  an d  gas p e rio d s  h a s  been  applied to  th e  fo rm a tio n  of our p la n e ta ry  
sy s te m . T h e  p la n e ta ry  s y s te m , th e  tw o fu n d a m e n ta l s tru c tu re s  evolved p a ra lle l 
w ith  th e  fo rm atio n  o f  th e  s u n : th e  cry sta l an d  p la n e t  g o t its  recen t a rra n g e m en t 
in  tw o  s tru c tu re -fo rm a tio n , c ry s ta lliz a tio n  p ro cesse s : b y  m eans of ch em ica l 
c ry s ta ll iz a tio n  and  o f  “ g ra v ita t io n a l”  c ry s ta lliz a tio n . T h e  p r in t of d im ension- 
sp e c tru m  o f th e  “ c ry s ta l-g a s”  period  sep a ra tin g  th e  tw o  c ry sta lliza tio n  p e rio d s 
w ere  recogn ized  in  th e  d ia g ra m  o f c ra te r d e n s ity  o f  th e  p rim itive  p la n e ta ry  
su rfaces .
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Ц И К Л И Ч Н О С Т Ь  В И С Т О Р И И  М А Т Е РИ И  И Е Е  П Р И М Е Н Е Н И Е  В П Р О Ц Е С С А Х , 
С Т Р О Я Щ И Х  Э Л Е М Е Н Т А Р Н Ы Е  С Т Р У К Т У Р Ы  С О Л Н Е Ч Н О Й  СИСТЕМ Ы

С. БЭРЦЗИ

Р е з ю м е

С татья , исходя и з д в у х  ак си о м , — одного и з  о сн о в н ы х  принципов ди ал екти к и  и , 
п р и н ц и п а  исторического р а зв и т и я  м атерии  — делает п о п ы т к у  к  созданию  единого е ст ес т ­
венно-ф илософ ского  п р и н ц и п а , распр о стр ан яю щ его ся  н а  элем ентарны е м атер и ал ьн ы е  
с т р у к т у р ы  и н а  строящ ие с т р у к т у р у  процессы. Р е зу л ь т а т  р аботы  мож но р езю м ировать 
след у ю щ и м  образом: и сто р и я  м ате р и и  — это чередован ие стр у к ту р ал и зац и о н н о й  (к р и с ­
тал л и зац и о н н о й ) и газовой  эп о х . П олученн ой  общ ий п р и н ц и п  нах о ди т  применение в  д в у х  
о сн о вн ы х  стр у к ту р ал и зац и о н н ы х  п р о ц ессах  Солнечной си стем ы : в  химической и « гр ав и та ­
ционной» кр и стал л и зац и и .
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PERIODICITY OF EXTREMAL GEOMETRIC 
ARRANGEMENTS (DENSEST PACKINGS, 

THINNEST COVERINGS, TESSELLATIONS)

By

Sz. BÉRCzi—D. N a g y

RESEARCH GROUP OF TECHNICS, EÖTVÖS LORÄND UNIVERSITY, BUDAPEST

I t  is an  experience of m odem  discrete geom etry  th a t an extrem al-valne p roperty  
m ay induce o rder in  a chaotic figure-system . T he firs t p a rt of the paper deals w ith  different 
“ levels”  — lattice-likeness, regularity and block-regularity  — of the period ic ity  of ex tre­
mal geom etric arrangem ents (packings w ith  m ax im al density and coverings w ith  m inim al 
density). A counter-exam ple for the following conjecture is given: th e  d en sity  of any 
k ind of packing in  th e  whole plane for an in fin ite  system  of arb itrary  cong ruen t convex 
discs cannot exceed the density  of the densest regu lar packing formed b y  th e  sam e discs; 
b u t probably  th is will be true when th e  densest block-regular packing is considered in­
stead  of the regular one.

In  th e  second p a rt of the paper th e  m o s t regu la r figures the P latonic a n d  A rchim e­
dean solids and  tesselations are reviewed a n d  ordered. S tarting from th e  reg u la r poly- 
hedra and tesselations and using the tru n ca tio n  as an  ordering operation th e  P laton ic  
and A rchim edean solids and tesselations have  been  arranged into a periodic tab le . B y the 
extension and  generalization of truncation , h igher dimensional cases — e.g. th e  tab le  of 
four-dim ensional solids and three-dim ensional tessellations — are also constructed .

T he s tiffen in g  o f  cycles generates s t ru c tu re s  possessing c e r ta in  g eo m etric  
reg u la ritie s  (Szádeczky-Kardoss, 1978). T h ese  s tru c tu res  are  fu n d a m e n ta l 
also fro m  th e  p o in t o f  v iew  o f m a te ria l s t r u c tu r e  (e.g. stud ies are  k n o w n  w hich  
t r y  to  d iscover th e  re la tio n sh ip  betw een  g e o m e tr ic  reg u la rity  and  p e rm e a b ility ) . 
T he p rob lem  o f geom etrica lly  reg u la r s t ru c tu re s  w ill be d iscussed  f ro m  tw o 
a sp ec ts : f ir s t , th e  d iffe ren t ty p es o f p e r io d ic ity  w ill be d ea lt w ith  ( P a r t  1), 
th e n  th e  m ost re g u la r  a rran g em en ts  w ill b e  c lassified  (P a rt 2).

1. Lattice-like, Regular and Block-regular Periodicity of Extremal
Arrangements

(D . N a g y )

1.1 A n  extremal-value property may induce order in a chaotic figure-system

I n  th is  p a r t  geom etric  problem s will b e  d iscu ssed  from  th e  a sp e c t o f  p e rio d ­
ic ity  w hich m ay  b e  sig n ifican t w hen s tu d y in g  s tru c tu re s  o f o rganic  o r  in o rg a n ­
ic n a tu re  (e.g. in  s tru c tu ra l  b iology, s te re o c h e m is try , geom etrica l c ry s ta llo g ­
ra p h y ) . T h e  a rra n g e m en ts  o f figures sa tis fy in g  ce rta in  e x tre m a l p ro p e r ty  
shou ld  be s tu d ie d  since, on th e  one h a n d , in c lin a tio n  o f n a tu re  to  c re a te  ex tre -
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mal c o n fig u ra tio n s  can  be o b se rv ed  and , on th e  o th e r , sim ilar p rob lem s c a n  be  
fo u n d  in  p ra c tic a l o p tim a liz a tio n  problem s. T h ese  problem s are assigned  to  th e  
to p ic s  o f  d isc re te  g eo m etry  w h ich  is for th e  s tu d y  o f  non-continuous g eo m etric  
se ts . F r o m  th e  p o in t o f  v iew  o f  th is  b ran ch  o f  g e o m e try  th e  a c tiv ity  o f L . Fejes- 
Tóth a n d  o f his geom etric  school are o f d ec is iv e  im p o rtan ce  (Fejes-Tóth, 
1953, 1964).

A cco rd in g  to  th e  exp erien ce  of m o d ern  d ic re te  geom etry , a d iso rd e re d  
f ig u re -sy s te m  m ay  ta k e  o n  c e r ta in  re g u la r ity  a u to m a tic a lly  i f  som e k in d  o f  
e x tre m a l-v a lu e  (e x tre m ity , o p tim u m , econom y) is  requ ired . C o n seq u en tly , in  
a c h a o tic  s e t  an  e x tre m a l-v a lu e  p ro p e rty  m ay  in d u c e  order. To w h a t an  e x te n t  
th is  ta k e s  p lace , m ig h t be in v e s tig a te d  in  th e  d e n se s t packings of fig u res  in  th e  
p la n e  (o r  space) an d  in  th e  th in n e s t  coverings o f  th e  p lane (or space). F i r s t  o f  
all, h o w e v e r , som e n o tio n s  m u s t  be exp la ined .

1.2 D ensity  o f  packings and coverings

I t  is  sa id  th a t  a fig u re -sy s te m  (a se t o f f ig u re s )  form s a packing in  a given  
fig u re  in  th e  p lane  (or in  sp ace) if  th e  f ig u re s  o f  th e  system  are  c o n ta in e d  
in  th e  g iv e n  fig u re , a n d  th e y  do n o t in te rs e c t  e ach  o ther by  p a irs , i.e . e a c h  
p o in t o f  th e  g iven fig u re  is a n  in te rio r  p o in t o f  a t  m o s t one figu re  o f  th e  sy s ­
te m . T h e  p ro b lem  is how  th e  densest c o n f ig u ra tio n  can be rea lized  (e .g . to  
c u t  o f f  th e  m ax im u m  n u m b e r  o f  discs from  a  p la te ,  to  store  th e  m a x im u m  
n u m b e r  o f  balls in  a box). A  fig u re -sy stem  fo rm s  a  covering o f a given f ig u re  in  
th e  p la n e  (or in  space) i f  each  p o in t o f th e  g iv e n  figu re  belongs to  a t  le a s t  
one f ig u re  o f  th e  sy stem . H e re  th e  prob lem  is in  genera l how  to  a r ra n g e  th e  
f ig u re s  in  th e  th in n e s t w ay  (e.g . to  cover a  h o le  w ith  m inim um  n u m b e r  o f  
d iscs). M a in ly  pack ings in  th e  w hole p lane (or sp ace ) an d  coverings o f  th e  w hole  
p la n e  (o r  space) w ill be d iscu ssed  for in fin it f ig u re -sy s tem s  (packing on  a  g re a t 
p la te  o r  in  b o x , covering  o f  a  g rea t hole).

I n  a  g iven  f in ite  f ig u re  th e  d ensity  o f a p a c k in g  is de term ined  b y  th e  q u o ­
t ie n t  o f  th e  to ta l  a rea  (vo lum e) o f  th e  a rran g ed  f ig u re s  and  of th e  a rea  (vo lum e) 
o f  th e  g iv e n  figu re . S im ila rly , th e  d en sity  o f  a co v e rin g  o f a given f in ite  f ig u re  
is d e te rm in e d  b y  th e  q u o tie n t  o f th e  to ta l  a re a  (volum e) o f th e  a r ra n g e d  
f ig u re s  a n d  o f  th e  a rea  (vo lum e) o f th e  g iven  f ig u re . In  th e  w hole p la n e  (o r 
sp ace) d e n s ity  can  be  in te rp re te d  as follow s: A ro u n d  an  a rb itra ry  chosen  
p o in t  О e v e r g rea te r  circles (o r spheres) are  d ra w n  a n d  th e  co rrespond ing  d e n ­
sitie s  a re  d e te rm in ed  in  th e m ; th e n , ten d in g  to  in f in i ty  w ith  th e  ra d iu s  o f  th e  
circle  (o r  sphere) th e  lim itin g  v a lu e  of th e  d e n s itie s  is considered. In  th e  fo llow ­
ing  le t  u s  assum e th a t  a ll f ig u re s  in  question  possess a positive area (or v o lu m e). 
T he d e f in i t io n  o f (upper) density o f a packing  in  th e  w hole p lane (or space) is:

d =  lim  sup
/?-*■ oo

A(R)
B ( R )
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w here  A( R)  =  to ta l  a rea  (or to ta l  vo lum e) o f  th e  figures fa llin g  inside the  
circle (or sphere) o f R  ra d iu s  a n d  0  c e n tre , w hile B(R)  =  a rea  (o r vo lum e) of 
th e  circle (or sphere) o f R  rad iu s  an d  0  c en tre .

T h e  defin itio n  o f  (low er) density o f  a covering o f th e  w h o le  p lan e  (or 
space) is:

D =  lim  in f
Я - ° о

A ( R )
B(R)

w here  th e  values o f A(R)  a n d  B(R)  a re  th e  sam e as above in  case  o f  covering.
I t  c an  be p roved  th a t  none  o f  th e m  depend  on th e  choice o f  0.  I n  th e  defi­

n i t io n  i t  is p rac tica l to  use “ lim  su p ”  o r “ lim  in f ”  in s tead  o f  th e  l im itin g  values 
b ecau se  th e se  alw ays ex is t. Fo llow ing  from  th e  defin itio n  o f p a c k in g  a n d  cover­
in g  d  <  1 and Z) >  1 is a lw ays tru e .

1.3 Packings and coverings with congruent circles or spheres

Since th e  n o tio n  o f  d e n s ity  is r a th e r  co m plica ted  for th e  w h o le  p lan e  (or 
space) a n d  is d ifficu lt to  t r e a t ,  o ften  th e  p ro o f o f a  v isually  e v id e n t c o n jec tu re  is 
also  tro u b leso m e . E .g . i t  c an  he  easily  im ag in ed  b u t  h a rd ly  p ro v e d  th a t  con­

g ru e n t (equal) circles can  be p ack ed  in  th e  p lan e  b y  th e  d en sity  a t  m o s t n  /У 12 =  
=  0 .9069 . . . w here th e  g iven  v a lu e  is th e  d e n s ity  o f th e  h ex a g o n a l c ircle-sys­
te m  show n in  F ig . 1.1 (all circles h av e  ta n g e n tia l  po in ts  w ith  s ix  o th e r ;  Thue, 
1892). T h is m eans th a t  a t  m o st 90.69 . . .  p e r c en t o f th e  p lan e  c a n  b e  filled  up 
b y  c o n g ru en t circles w hich  do n o t  in te rse c t each  o th e r. T he c o n f ig u ra tio n  show n 
in  F ig . 1.1 is a so-called lattice-like sy s tem , i.e. th e  figures are in  p a ra lle l position  
a n d  th e ir  analogous (eq u iv a len t) p o in ts  (e.g. th e  cen tres o f  c irc les) form  a 
la t t ic e  w hich  can  be described  b y  a  lin ea rly  in d ep en d en t v e c to r -p a ir .1 The 
m a x im a l d en sity -v a lu e  — m e n tio n e d  above — can  be a t ta in e d , h ow ever, no t 
o n ly  b y  m eans o f  th e  la ttic e -lik e  c irc le -system  show n in  F ig . 1.1, h u t  also by  
i ts  “ d is to r tio n ”  in  a to ta l  a rea  o f  zero  d e n s ity  (e.g. o m ittin g  one  row  op 
circles) since th e  defined  n o tio n  o f  d e n s ity  is in sensitive  to  th is . I t  is tru e ,  how

*

Fig. 1.1

1 The notion “ la ttice”  in  geom etry is n o t th a t  of crystallography. The se t o f all points 
ota-f-(lb  (-J-yc) in the plane (or in  space) is called lattice, where a, b (and c) are given, linearly 
independent vectors and a , ß  (and y) are a rh ita rry  integers.
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ev e r, t h a t  no denser s y s te m  ex ists  th a n  th a t  la tt ic e - lik e  system  show n in  
F ig . 1 .1 , an d  th e  o th e r  sy s te m s  o f m ax im al d e n s ity  a re  n e a rly  th e  sam e.

W h en  covering th e  p la n e  b y  congruen t c irc les th e  d e n s ity  w ill be  a t  leas t 

2 л/М~27 =  1 .2 0 9 ...  (K e r s h n e r , 1939). This sm alle s t d e n s ity  can  also be a tta in e d  
b y  a  la ttic e -lik e  h e x a g o n a l c irc le-system  (each  circ le  is in te rse c te d  b y  six  
o th e rs , see Fig. 1.2), h u t  c a n  b e  a tta in e d  also b y  d is to r tio n , e.g. w hen  add ing  
su p e rf lu o u s  circle). T h e  la t t i c e  show n in  F igs 1.1 a n d  1.2 are b o th  reg u la r 

tr ia n g le - la ttic e s . C o n seq u en tly , w hen  m agnify ing  in  2 Y 3/3 ra tio  each  circle o f

Fig. 1.2

th e  d e n se s t congruen t la t t ic e - lik e  packing  from  i ts  c e n tre , a th in n e s t la t t ic e ­
lik e  co v erin g  will be o b ta in e d  an d  v ica versa .

T h e  problem  o f d e n se s t p ack in g  o f c o n g ru en t sp h eres  (balls) in  space is 
m a th e m a tic a lly  u n so lv ed  as o f  y e t. A ccording to  C. A . R o g e r s  “ all p h y sic is ts  
k n o w  a n d  all m a th e m a tic ia n s  assum e”  th e  so lu tio n . N ow , le t us m ake h o ri­
z o n ta l  la y e rs  w ith  spheres th e  cen tres  of w hich a re  in  a p lan e  and  in te rse c t it  
in  a  h ex ag o n a l c irc le -sy stem  as show n in  F ig . 1.1. T h e n  th e  layers shou ld  be 
p u t  o n to  each  o th e r so t h a t  th e  spheres o f each  la y e r  w o u ld  slip in  th e  d ep res­
sions b e tw een  the  spheres o f  th e  p rev ious lay ers  as d eep  as possible. T he d en sity  

o f  th is  p ack in g  o b ta in e d  in  th is  m anner w ill be  л /V 18 =  0.7404 . . . T he  con­
je c tu re  is  th a t  a denser p a c k in g  can n o t be m ade . T h is  v a lu e  can  be o b ta in ed  
also  b y  a  la ttice -like  sp h e re -sy s te m  (the  cen tres o f  sp h e re s  fo rm  a sp a tia l la ttic e  
d e te rm in e d  b y  a lin e a rly  in d e p e n d e n t v e c to r- tr ip le t) . N evertheless, n o t on ly  
“ s lig h tly  d is to rted ”  la tt ic e - lik e  co nstruc tions, b u t  fu n d a m e n ta lly  d iffe ren t 
(n o n -la ttice -lik e) ones also  e x is t . This derives f ro m  th e  fa c t th a t  th e  f i t t in g  
o f  h o r iz o n ta l layers c o n s is tin g  o f  spheres on to  each  o th e r  is n o t u n am b ig u o u s: 
th e  t h i r d  lay e r can  be f i t t e d  o n to  th e  tw o p rev ious ones so th a t  th e  sy s te m  has 
to  b e  co n tin u ed  as a la t t ic e ,  a n d  so th a t  th is  c o n d itio n  does n o t follow . ( I t  is 
e m p h a s iz e d  again th a t  th e  n o tio n  o f la ttice  in  g e o m e try  is d iffe ren t fo rm  th a t  o f  
c ry s ta llo g ra p h y .)

T h o u g h  the  c o n je c tu re  m en tio n ed  above (i.e. in  case o f sp a tia l pack ing  
o f  c o n g ru e n t spheres d 0 .7404  . . .  is alw ays sa tis f ie d  fo r density ) could  n o t
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be p ro v ed  as o f y e t ,  r a th e r  good d e n s ity  e s tim a tio n s  are a v a ila b le : R o g e r s  
(1958) p roved  t h a t  d  0.7797 . . m o reo v e r he gave an  e s t im a t io n  in  
a rb i ta ry  re-dim ensional E u c lid ean  sp ace ,2 w hile analogous re s u l ts  w ere 
o b ta in e d  b y  B ö r ö c z k y  (1974, 1975) in  sp aces  o f  co n stan t c u rv a tu re  (in  ad ­
d itio n  to  th e  E u c lid ean  spaces spherica l a n d  h y p erb o lic  spaces a re  o f  th is  ty p e ). 
T h e  p rob lem  o f th e  d en ses t co n g ru en t sp h ere -p ack in g  in  th re e -d im e n s io n a l 
E u c lid e a n  space w as so lved  in  th e  case w h e n  n o t a rb itra ry  sp h e re -sy s te m s , 
b u t  on ly  la ttice -lik e  ones w ere s tu d ie d  (G a u s s , 1831). A s im ila r s i tu a t io n  is 
w h e n  covering th e  sp ace  b y  co n g ru en t sp h e re s  (B a m b AH, 1954).

1.4 Regularity o f  densest packing o f  certain discs

I n  th e  fo llow ing, p ack in g  prob lem s in  th e  w hole plane w ill b e  d e a l t  w ith . 
F in ite  (bounded) a n d  co n n ec ted  fig u re  in  th e  p lan e  (having p o s itiv e  a re a )  are 
ca lled  discs. (L et u s  assum e fo r p ack in g  o r co v erin g  th a t  th e  d iscs a re  o p en  or 
c losed , i.e. th e  discs do  n o t  co n ta in  or c o n ta in  th e  b o u n d a ry  p o in ts , re sp e c tiv e ly .)  
C onvex  figures w ill also  be  o ften  m en tio n ed . A  geom etric fig u re  (o r  a  se t of 
p o in ts )  is called convex i f  th e  line segm en t jo in in g  an y  tw o p o in ts  o f  th e  figure 
is c o n ta in e d  in  th e  f ig u re  (F ig . 1.3). A  p o ly g o n  (polygonal disc) is c o n v e x  i f  and 
o n ly  i f  all its  ang les a re  no m ore th a n  180°.

Fig. 1.3

F e j e s -T o t h  (1950) p ro v ed  th a t  th e  d e n s ity  o f any  k in d  o f  p a c k in g  w ith  
a rb i t r a ry  co n g ru en t cen tro -sy m m etric  co n v ex  discs canno t exceed th e  d e n s ity  of 
th e  d en sest la ttic e -lik e  p ack in g  fo rm ed  b y  th e  sam e discs. T he m a x im a l d en sity , 
h o w ev er, can  he re a c h e d  n o t  on ly  b y  la ttic e - lik e  co nstruc tion , b u t  b y  d is to r te d  
la ttic e - lik e  p ack in g s, m oreover, in  som e cases b y  fu n d am en ta lly  d if fe re n t  w ay, 
as w ell. E .g . in  F ig . 1.4 rec tang les o f  m a x im a l d en sity  (1) are  sh o w n  (a  an d  6 
a re  la ttice -lik e , c a n d  d  d e rive  from  case a , w h ile  e is of a  d iffe re n t s tru c tu re ) .

A  sim ilar s ta te m e n t  w as p ro v ed  b y  R o g e r s  (1951) for c o n g ru e n t convex  
d iscs in  paralle l p o s itio n , i.e . th e  d e n s ity  o f  a n y  k in d  o f pack ing  w ith  th e s e  discs 
(e.g . th e  density  o f  th e  c o n g ru en t-trian g les  in  p a ra lle l position  o f F ig . 1 .5a) can n o t 
ex ceed  th e  d e n s ity  o f  th e  d ensest la ttic e -lik e  p ack in g  (Fig. 1.56, d e n s i ty  h ere  is *

* In n-dimensional Euclidean space the density o f 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
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2 /3 ). T h u s , R o g e r s  l im ite d  t h e  position  of th e  d iscs , d id  n o t s ta r t  o u t f ro m  an  
in c o m p le te ly  chao tic  s y s te m ; b u t  less was re q u ire d  concerning th e  q u a li ty  o f 
f ig u re s . I t  is tru e  t h a t  th e  m a x im a l density  c a n  h e  a t ta in e d  also b y  a  n o n - la t­
tic e - lik e  co n stru c tio n  as i t  is  show n b y  th e  p a ra lle l- ly in g  rectangles o f  F ig . 
1 .4d. T h e  req u irem en t o f  p a ra l le l  position o f  th e  d iscs  c an n o t he neg lec ted  since 
in  case  o f e.g. co n g ru e n t tr ia n g le s  th e  d en sity  o f  d e n se s t la ttice-like p a c k in g  
is  2 /3  (see Fig. 1.56) w h ile  a llow ing  a rb itra ry  p o s it io n  these  m ay  fill u p  th e  
w h o le  p lane , i.e. d e n s ity  w ill b e  1 (Fig. 1.5c).

I n  sp ite  o f th e  f a c t  t h a t  n e ith e r  Fig. 1.4e n o r  F ig . 1.5c are la ttic e -lik e , 
th e s e  c a n n o t be co n sid e red  b y  all m eans to  h e  ir re g u la r . B o th  a rra n g e m en ts  
p o ssess  th e  p ro p e rty  t h a t  a p p ly in g  congruency ( iso m e try )  th e ir  a rb ita ry  fig u re  
c a n  h e  tran sfo rm ed  in to  a n y  o th e r  so th a t  th e  w h o le  system  tran sfo rm s in to  
i t s e l f  (covering  th e  o rig in a l p o sition ), as w ell. S u c h  a rrangem en ts are  ca lled  
regular system s, th e  te rm s  homogeneous, un iform , transitive  or crystallographic 
a re  a lso  used. The la s t  t e r m  is  reasonab le  since a  p la n a r  c rysta llog raph ic  space  
g ro u p  can  be u n a m b ig u o u s ly  assigned to  a ll r e g u la r  system s (the n u m b e r  o f 
th e s e  g roups is 17). R e g u la r i ty  is an  en la rg em en t o f  th e  no tion  of la ttic e - lik e ­
n ess  in  a  sense th a t  e a c h  la ttic e - lik e  a rra n g e m en t is  reg u la r, too , b u t  as i t  is 
sh o w n  b y  Figs 1.4e a n d  1.5c in v e rse ly  th is is n o t  t r u e .  T h e  fac ts  s ta te d  in  co n n ec­
t io n  w ith  th e  d en sest p a c k in g  o f congruen t tr ia n g le s  can  be re fo rm u la te d : 
th e  d e n s ity  of an y  k in d  o f  p a c k in g  w ith  a rb i t r a ry  co n g ru e n t triang les c a n n o t 
e x c e e d  th e  density  o f  th e  d e n s e s t  regular p ack in g  fo rm e d  b y  th e  sam e tr ia n g le s  
(w h ic h  equals 1). T he sa m e  d e n s ity  can be re a c h e d  o f  course, also b y  n o n -reg u la r  
p a c k in g s , too  (e.g. o m it t in g  c e r ta in  triangles o r  d isp lac in g  th e  trian g les  in  a 
p a ra l le l  s tr ip , etc.).

P re su m ab ly  s im ila r  o b se rv a tio n s  m ig h t h a v e  lead  F e j e s -T ó t h  (1953 , 
p . 95) to  fo rm ula te  th e  fo llo w in g  conjecture: th e  d e n s i ty  o f any  k ind  o f p a c k in g  
(in  th e  whole p lane fo r  a n  in f in ite  system ) o f  a rb i t r a ry  congruent co n v ex
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discs can n o t exceed th e  d e n s ity  o f th e  d en sest re g u la r  p ack in g  fo rm ed  b y  th e  
sam e discs.

In connection with this conjecture certain doubts have been later ex­
pressed. F ejes-Tóth 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  h is  p ap e r w hen h a v in g  co m p reh en d ed  som e p rev ious 
re su lts  an d  h av in g  g iven  th re e  new  ty p es o f  p e n ta g o n s  considered  a classical 
c h a p te r  o f  m a th e m a tic s  as be ing  solved: w ith  c o n g ru en t rep licas o f  w h a t 
k in d  o f  convex  po lygons is i t  possible to  p ro d u c e  a te sse lla tio n .3 A ccord­
in g  to  a  s ta te m e n t o f  Kershner he was successfu l to  p rove  c irc u m sta n tia lly  
enough  th a t  in  a d d itio n  to  th o se  given b y  h im  n o  su itab le  convex  polygons 
ex is t. N evertheless, th e  p ro o f  w as n o t p u b lish ed  ev e n  in  ou tlines. (B y th e  w ay  
th is  is an  everg reen  to p ic  o f  p o p u la r artic les since i t  c an  be  u n d e rs to o d  also b y  
ou ts id ers , m oreover i t  c a n  be  enriched  occasio n a lly  b y  new  co n stru c tio n s  o f 
th e irs .)  I t  is know n re c e n tly , p a r t ly  w ith  th e  a id  o f  a m a te u r  re search ers , th a t  
th e  en u m era tio n  o f  Kershner has been in co m p le te  (see e.g. th e  rem ark s  o f 
Kershner, 1977 a n d  Schattschneider, 1977).

To each o f  th e  new  p e n ta g o n  typ es g iven  b y  Kershner (1968) a  te sse lla ­
tio n  w as g iven w hich  w as n o n -reg u la r sy stem  in  i ts  concre te  fo rm . N ow  le t  us 
s tu d y  in  d e ta il one o f  th e m  (F ig . 1.6). T his a r ra n g e m e n t is in  fa c t n o n -reg u la r 
since e.g. th e  p e n ta g o n  N o . 1 can  be tra n s fo rm e d  in to  N o. 2 on ly  b y  p ositive  
ro ta t io n  o f y  angle a ro u n d  th e  correspond ing  v e r te x  so t h a t  th e  te sse lla tio n  will 
n o t  cover itse lf  (e.g. th e  p e n ta g o n  No. 2 gets a p o s itio n  th a t  i t  does n o t coincide 
w ith  a n y  o f  th e  p rev io u s p en tag o n s). T his, h o w ev er, does n o t  exclude  th e  possi­
b i l i ty  th a t  a reg u la rly  a rra n g e d  tesse lla tio n  can  b e  m ad e  w ith  th e  p en tagons 
belonging  to  th e  g iven  ty p e  b y  a d ifferen t w ay . A s a d e m o n s tra tio n  th e  exam ple 
o f  p e n tag o n  o f F ig . 1.7 is show n w hich is b e lo n g in g  to  th e  g iven  ty p e  (th is 
can  be  easily  c o n tro lled , because  here  a  =  ß  =  d — e =  120°, y  =  60°, 
a =  b =  e, c =  d) an d  a re g u la rly  arranged  te s se lla tio n  can  be  fo rm ed  w ith  
i t  even  in  tw o  d iffe ren t w ays.

8 Such enum eration settles the analogous problem  concerning a rb itra ry  convex discs 
because it  can be easily show n th a t  a  tessellation can be produced by  no m eans w ith  convex 
b u t non polygon-shaped congruent discs. W hen allowing to  apply  concave discs, the  problem  
is m ore troublesome.
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« ♦ fi »S' * 360°, <x-2tf ,  a = b = e, c = d 

Fig. 1.6  A fter K e r s u n e r  (1968)

I n  fa v o u r of a fu r th e r  s tu d y  o f  th e  ty p e  o f  p en tag o n s in  q u es tio n  th e  d e fin ­
in g  re la tio n sh ip s  of Kershner w ill be tra n sfo rm e d  in to  easier fo rm s. (T he defi­
n i t io n  of Kershner is su ita b le  r a th e r  to  easily  see t h a t  th e  co rresp o n d in g  te sse l­
la t io n  c a n  be  p roduced  re a lly  w ith o u t gaps an d  ov erlap p in g . N ow  re la tio n sh ip s  
a re  s o u g h t  w hich th ro w  l ig h t u p o n  th e  fa c t how  th e  p en tag o n s b e lo n g in g  to  th e  
g iv e n  ty p e  can  he derived .) B y  m ean s o f e th e  o th e r  angles w ill be  exp ressed . 
W h e n  c o m p arin g  th e  re la tio n sh ip  a  /5 —j— <5 =  360° w ith  th e  fa c t t h a t  th e  sum  
of a n g le s  o f  a  pen tagon  is 540°, y  -f- e =  180° is o b ta in ed . T hus, y  =  180° — e, 
a n d  u s in g  th e  re la tionsh ip  a  =  2y  i t  is tru e  t h a t  x  =  360° — 2s. B ased  o n  sim ple 
e le m e n ta ry , resp . tr ig o n o m e tric  consid era tio n s

3 e
=  — e — arc* tg  (2  s in  e) an d  <5 = -----1- arc* tg  (2  s in  e

2 2

w h e re  t h e  asterisk  refers to  th e  a im  th a t  w hen  relook ing  fo r th e  ta n g e n t ,  th e  
so -c a lle d  m ain  value b e tw e e n  0° an d  180° shou ld  be  ta k e n  in to  a c c o u n t. I t  is
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also easily  derived  t h a t  i f

a — b =  e =  1 , th e n  c =  d = f l  +  4 s in 2e
£

2 cos —
2

I t  c an  be  also easily  seen  t h a t  rea lly  a convex  p e n ta g o n  w as p ro d u ced  i f  an d  on ly  
i f  90° <  e <  150°. I n  th e  oppo site  case, th e  p e n ta g o n  w ill be d efo rm ed  to  a 
te tra g o n  (e =  90° re sp . 150°) o r an  angle  w ill he concave . I n  case 90° <  e <  150° 
we h a v e  alw ays a  < c .

N ow , from  th e  p e n ta g o n s  belonging to  th e  g iv en  ty p e  le t  us con sid er th e  
fo llow ing: e =  130°, y  =  50°, a  — 100°, ß  ~  138.13°, <5 ~  121.87°, a =  b — 
=  e = l ,  c = d ~  2.16. O u t o f these  re la tio n sh ip s  on ly  th e  fa c t is u sed  th a t  no 
co m b in a tio n  (n e ith e r  re p e titio n )  o f th e  angles o f  th e  p e n ta g o n  w ill p ro d u ce  in  
sum  180°, excep t th e  a lw ays sa tisfied  y  -j- £ =  180°. (This is n o t v a lid  fo r th e  
p e n ta g o n  show n in  F ig . 1.7 since h ere : a  - f y  =  ß - \ - y — ô - f y = S y  =  180°).*

Statement 1: B y  m ean s o f  th e  p en tag o n  d esc rib ed  above on ly  su ch  te sse lla ­
tio n  can  be p ro d u ced  w h ere  th e  pen tagons jo in  a long  th e ir  com plete  sides.

Proof : L et us assum e (ind irec tly ) th a t  w ith  c o n g ru e n t rep licas  o f  p en tag o n  
described  above a te sse lla tio n s  can  he c o n s tru c te d  in  w hich  a v e r te x  o f  a 
p e n tag o n  is an  in te r io r  p o in t o f a side o f an  a n o th e r  p e n ta g o n  (F ig . 1.8). 
A ccord ing  to  ou r co n d itio n , a sum  o f ce rta in  ang les o f th e  p e n ta g o n  w hich  is 
equal to  180° is o f  th e  fo rm  у  -\- e; a t th e  v e r te x  in  q u es tio n  only  th e se  angles 
m ay  occur. Since w e h a v e  e < c a  v e r te x  w ith  angles a  o r ô (ne ighbouring  
to  e) w ill he an  in te r io r  p o in t o f  an  o th e r p en tag o n -s id e . A ccord ing  to  ou r 
cond itio n s, how ever, in  th e  “ b en d ”  n e ith e r  a  n o r  ô can  be su p p lem en ted

* A fter com pleting th is  paper the authors recognized ScnA TTScnN EiD ER ’s detailed 
paper (M ath. Magazine, 51, 29—44, 1978). In  this excellent survey th a t  type  o f pentagons 
— w hich is involved in our discussion, too (see Fig. 1.6) — is m entioned in  th e  collection of 
such types vhich tiles (w ith our terminology: can generate a tessellation), h u t for w hich no 
tile-transitive or isohedral tiling  (tessellation w ith regu lar system ) exists. However, this 
s ta tem en t is no t correct in  general — see our Fig. 1.7.

T rue, the m ost tessellations made w ith the pentagons belonging to  th e  given type 
cannot be rearranged in to  a  tessellation w ith regular system . F o r th is “unrearrangebility’1 a 
sufficient condition has been given in  our present paper: no com bination (neither repetition) 
of the angles of the pentagon  will produce in sum 180°, except th e  always satisfied y -\-e  =  180°.
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w ith  som e o f th e  su itab le  an g le  (or angles) o f  th e  p en tag o n  to  180°. O ur 
te s s e l la t io n  is th u s  in te r ru p te d  (co n trad ic tio n ).

Statement 2: B y  m ean s  o f  th e  described  p e n ta g o n  o n ly  te sse lla tio n  w ith  
n o n - re g u la r  system  can  he  c re a te d .

P roo f : B ased on S ta te m e n t  1 i t  is know n  t h a t  on ly  th e  cases a re  d e a lt  w ith  
in  w h ic h  pen tagons jo in  b y  co m p le te  sides. O u r aim  is to  p ro d u ce  in  each 
p o ss ib le  case a p a r t  o f th e  p la n e  b y  m eans o f  jo in in g  p en tag o n s w here  th e  p ro o f of 
n o n - re g u la r ity  o f th e  te s se lla tio n  show n in  F ig . 1 .6  c a n  be analogously  ca rried  o u t. 
W h e n  rev iew ing  th e  lim ite d  n u m b e r  o f jo in in g  possib ilities  (if  a n g u la r  re la tio n s 
a re  co n sid e red  num erous a r ra n g e m e n ts  can  be ex c luded  since jo in in g s  are 
in te r ru p te d )  th is  can  he  e a s ily  reach ed .

S im ila rly , i t  can  also b e  easily  seen th a t  b y  m eans o f  th e  d esc rib ed  p e n ta ­
g o n  fu n d a m e n ta lly  o n ly  th e  te sse lla tio n  show n in  F ig . 1.6 can  b e  c rea ted .

I n  th is  m anner, b y  m e a n s  o f  th e  p e n ta g o n  in  q u es tio n  a te sse lla tio n  of 
a n o n - r e g u la r  system  can  b e  c re a te d , i.e . a p ack in g  w ith  1-d en sity , b u t  reg u la rly  
a r ra n g e d  tesse lla tio n  n o t. T h is , how ever, is n o t y e t  a co u n te r-ex am p le  to  th e  
c o n je c tu re  since p ack in g  c re a tin g  no  te sse lla tio n  m a y  he o f 1-d e n s ity  in  lim it­
in g  v a lu e , so th a t  th e  to ta l  a re a  o f  th e  gaps is o f  ze ro -d en sity . (E .g . o m ittin g  a 
d isc  f ro m  an y  of th e  te sse lla tio n s  th e  o b ta in e d  sy s tem  is no  te s se lla tio n  any  
m o re  s in ce  i t  is n o t gap -free , i ts  d e n s ity , how ever, rem ain s 1.) I n  case o f  reg u la r 
s y s te m s , how ever, th is  is im p o ss ib le  to  im ag ine . I f  one h as  a  re g u la r  pack ing  
w h ic h  is n o t  a  te sse lla tio n  th e n  som ew here a gap  m u s t ex is t. D ue to  re g u la r ity  
th is  g a p  is rep ea ted , a n d  th e  to ta l  a rea  o f  th e  gaps, th e re fo re , c a n n o t be of 
z e ro -d e n s ity .

S ince th e  te sse lla tio n  is a special case n o t on ly  o f  p ack in g  b u t  also of 
c o v e rin g , our exam ple is su ita b le  to  re fu te  th e  analogous (dual) s ta te m e n t of 
c o v e rin g , to o . N am ely , i t  is a lso  n o t  tru e  t h a t  th e  d e n s ity  o f  an y  k in d  o f  cover­
in g  w i th  a rb itra ry  c o n g ru e n t co n v ex  discs c a n n o t be less th a n  th e  d e n s ity  of 
th e  th in n e s t  regu lar co v erin g  fo rm ed  b y  th e  sam e discs.

I n  F ig . 1.6 th e  discs c a n  be  c a u g h t in to  co n g ru en t doub le  b locks so th a t  
th e s e  b locks could fo rm  a te s se lla tio n  o f reg u la r sy s tem  (th e  b locks a re  n o t 
c o n v e x  a n y  m ore). M oreover, q u ad ru p le  b locks w h ich  are  la ttic e - lik e  can  also 
b e  fo rm e d . (This is less a s to n ish in g  since a p la n a r  c ry s ta llo g rap h ic  sp ace  group 
h a s  a lw ay s  a subgroup  w h ich  c a n  be  g en era ted  b y  tw o  tra n s la t io n s .)  T h u s , i t  
c a n  b e  sa id  abo u t th e  te s se lla tio n  show n in  F ig . 1.6 th a t  th o u g h  i t  is n o n -reg u la r 
s y s te m , b u t  i t  is reg u la r in  f in i te  (n u m b er o f e lem ents) b locks or block-regular. 
A t le a s t  th is  p ro p e rty  (in  m o s t  o f  cases even  m ore, i.e. re g u la rity )  is sa tis f ie d  b y  
a ll Kershner’s tesse lla tio n s (1968).

1.6  Conjecture
In s te a d  of th e  r e fu te d  co n jec tu re  possib ly  th e  follow ing can  be s ta te d : 

t h e  d e n s ity  o f any  k in d  o f p a c k in g  (in  th e  w hole p lan e  for a n  in f in ite  sy stem ) of
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a rb i t r a ry  c o n g ru en t convex  discs c a n n o t exceed  th e  d en sity  o f  th e  densest 
b lo ck -rag u la r p ack in g  fo rm ed  b y  th e  sam e d iscs. A n analogous c o n je c tu re  can  be 
fo rm u la te d  for co vering  (here also in s te a d  o f  re g u la r , b lock -regu la r is to  be said).

A convex  po ly g o n  w ould be a co u n te r-ex am p le  to  th e se  co n jec tu res  
w ith  th e  c o n g ru en t pieces o f w hich o n ly  a  “ now here p erio d ic”  te sse lla tio n , 
m ore e x a c tly  a te sse lla tio n  non -reg u la r ev en  in  f in ite  blocks (non -b lock -regu lar) 
can  be  c rea ted . A co n cre te  tesse lla tio n  w h ich  in  a g iv e n  form  is n o n -b lo ck -reg u la r, 
o f  course, can  be  g iven . T h is is th e  case in  F ig . 1.4d, b u t  w ith  th e se  re c ta n g le s  
reg u la r , m oreover la ttic e -lik e  te sse la tio n  c a n  also be c rea ted .

In  re c e n t tim es q u ite  a n u m b er o f  p a p e rs  deal w ith  c e r ta in  n on -period ic  
te sse lla tio n s  (Gardner, 1977). I t  is n o t  p ro b a b le , how ever, t h a t  a  co n v ex  disc 
o f  th e  p ro p e r ty  in  q u es tio n  p roducing  a “ n o w h ere  period ic”  te s se lla tio n  w ould 
e x is t ( if  yes, th is  m ay  o n ly  be a p e n tag o n ). N ev erth e less , th e  occasio n a l proof, 
t h a t  su ch  a disc does n o t ex ist, in d eed , w o u ld  b y  no m eans p ro v e  t h a t  our 
c o n je c tu re  is tru e , b u t  w ould  m ake i t  m ore  p ro b ab le .

1.7 Conclusion

In  case o f  c e r ta in  geom etric d en sity  p ro b lem s som e k in d  o f  ex tre m a l-v a lu e  
re q u ire m e n ts  in d u ce  o rd e r. T he o rd er, th e  p e rio d ic ity  has d iffe re n t “ leve ls” : 
s tro n g e s t is la ttic e -lik en ess , th e n  com es re g u la r ity  and  w eak est is  th e  block- 
re g u la r ity  o f  a fig u re -sy s tem . In  case o f  p ro b lem s discussed above n o t  on ly  one 
e x tre m a l a rra n g e m en t (i.e. to ta lly  acco m p lish ed , rig id  o rder) e x is ts . In  m ost 
cases th e re  is a p o ss ib ility  to  o b ta in  a c o n fig u ra tio n  o f th e  sam e d e n s ity  d ev ia tin g  
m ore or less fro m  th e  id ea l so lu tion . A t th e  sam e  tim e , th e  p e rfe c tly  la ttic e -lik e , 
co m p le te ly  reg u la r , id ea l so lu tions in  th em se lv es  give a fa ir p ic tu re  on  th e  c h a r­
ac te ris tic s  o f  e x tre m a l a rran g em en ts . I n  m a n y  cases, i t  is easy  to  im ag in e  o th e r 
e x tre m a l co n fig u ra tio n s  w hen  deriv ing  th e m  ju s t  from  these  (b y  m ean s o f  d is­
to r t in g  th em ). T h e  sam e can  be o bserved  also  in  n a tu re : no p e rfe c t la ttic e s , 
ideal c ry s ta ls  an d  no u n am biguous s tru c tu re s  ex is t, la ttic e  d e fec ts , im p erfec­
tio n s  an d  d iffe ren t d e te rio ra tin g  cases sh o u ld  be  alw ays ta k e n  in to  acco u n t. I t  
is fru itfu l, how ever, m a n y  tim es to  th in k  in  id ea l, p e rfec t a rra n g e m en ts  o r to  
accep t th is  as a  m odel o r w orking h y p o th e s is , an d  to  o b ta in  o v erv iew  in  th is  
w ay  a b o u t th e  p rob lem s. T here  is a  “ h a rm o n y ”  b e tw een  th ese  d isc re te  geom et­
ric  re su lts  an d  th e  n a tu ra l  s tru c tu re s . T h is  d e m o n s tra te s  also th e  f a c t  th a t  our 
n o tio n s , e.g. th e  r a th e r  com plica ted  fo rm u la tio n  of den sity , h a v e  b een  a p tly  
chosen .

W e h av e  d e a lt w ith  tesse lla tions w h ich  a re  a t  th e  “ b o u n d a ry ”  o f  pack ing  
an d  covering  p ro b lem s. I t  seem s th a t  th is  “ tra n s itio n a l f ie ld ”  is especially  
su ita b le  to  check  th e  d e b a te d  questions o f  gen era l pack ing  or co v erin g  p rob lem s, 
to  s u p p o r t or re fu te  con jec tu res.

In  th e  n e x t p a r t  o f  our p ap e r th e  m o s t reg u la r  tesse lla tio n s k n o w n  from  
o ld est tim es w ill be rev iew ed and  classified .
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2. The Periodic System of Platonic and Archimedean Solids and Tessellations
(S z . BÉRCZl)

O n  p a r tic u la r  p o ly h e d ra  a n d  tesse lla tio n s re g u la ritie s , rep e titio n s  c a n  be 
o b s e rv e d . W h en  reg u la r p o ly g o n s o f  un ifo rm  side le n g th  are jo ined  a long  th e ir  
edges c o n v e x  p o ly h ed ra  a n d  p la n a r  te sse lla tio n s possessing  a special o rd e r w ill 
be  o b ta in e d .  In f in ite  n u m b e r o f  so lids, b u t  on ly  a  f in ite  n u m b er of te sse lla tio n s  
sh o w  co n sp icu o u s  reg u la ritie s , sy m m e try  fe a tu re s . S y m m etry  deno tes th e  fe a ­
tu r e  o f  so lid s an d  te sse lla tio n s  t h a t  ap p ly ing  d e f in ite  m otions, e.g. ro ta t io n  
w ith  a  g iv e n  angle o r in  case  o f  m osaics d isp lacem en t w ith  a g iven d is ta n c e , 
th e s e  c a n  b e  go t in  covering  p o s itio n  (congruence p osition ) to  th em se lv es . I t  
m u s t  b e  n o te d , th a t  th e  sy m m e try  re s tr ic tio n s  a lone  d iv ide reg u la r p a t te rn s  
in to  tw o  ty p e s :  local p a tte rn s  (i.e. p o in t g roups) a n d  in fin ite  p a tte rn s  (te sse l­
la t io n s ) . F ro m  a n o th e r (ou r) p o in t  o f v iew  local a n d  in fin ite  p a tte rn s  — as 
sh o w n  l a t e r  — can  be c o n n e c te d  b y  sy m m etry  a n d  a n  o p era tio n  (here t r u n c a ­
tio n )  (see F ig . 2.2). T he m o s t sy m m etric  ones a re  th e  sim p lest: th e se  a re  th e  
r e g u la r  p o ly h e d ra  and  te sse lla tio n s . T h ey  are  b u i l t  u p  b y  one k in d  o f (c o n g ru ­
e n t)  r e g u la r  polygons an d  th e i r  ve rtices  are  also re g u la r  an d  co n g ru en t. T h is 
m u s t  n o t  b e  confounded  w ith  th e  reg u la rly  a r ra n g e d  m osaics discussed ea rlie r, 
w h ich  h a d  a  w ider n o tio n . T h e  sem i-regu lar p o ly h e d ra  and  te sse lla tio n s  are  
m o re  c o m p le x : these  are  b u i l t  u p  b y  reg u la r po lygons o f  tw o or th ree  k in d s  w ith  
ecpial ed g e  len g th s  an d  th e ir  v e rtic e s  th o u g h  b e in g  co n g ru en t are  n o t  re g u la r . 
T h e  f e a tu re s  o f  reg u la r a n d  sem i-reg u la r solids a n d  te sse lla tions are  su m m a ­
riz e d  in  T a b le  I :

Table I

T h e  so lid  o r  te s se lla ­
t io n F aces V ertices

Regular uniform  regular 
polygons

congruent, regular

Semi-regular different regular congruent, not reg-
polygons u lar

A m o n g  th e  sem i-reg u la r b o d ies  in fin ite  n u m b e r  o f th em  are  fo u n d  w h ich  
a re  o f  o n e  d istingu ished  r o ta t io n  ax is. T hese a re  covered  b y  tw o  c o n g ru e n t 
n -s id e d  re g u la r  po lygon p e d io n  a n d  b y  n  sq u ares  o r 2 n reg u la r tr ia n g le s  c o n ­
n e c tin g  th e  tw o  pedions. T h e  fo rm e r are  called  prism s, th e  la t te r  antiprism s. 
I n  ca se  o f  b o th  ty p es th e  r o ta t io n  axis is th e  line  co n n ec tin g  th e  cen tres  o f  th e  
r e g u la r  n -po lygons. (F ig . 2 .1).

D isc a rd in g  th e  p rism s a n d  an tip rism s th e  rem a in in g  reg u la r a n d  sem i­
r e g u la r  p o ly h e d ra  an d  m osaics a re  th e  Platonic and Archimedean solids and  
tessellations in v es tig a ted  in  o u r  w ork . The polyhedra to be p u t into the periodic  
table have no favoured rotation axis. Some o f th e m  w ere  know n a lread y  b y  th e
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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.

I t  is to  be  seen  in  T ab le  I  th a t  th e  re g u la r  and  sem i-regu la r so lids and  
te sse lla tio n s  are  u n am b ig u o u sly  c h a ra c te r iz e d  b y  th e ir  v e rtex  f ig u re . T h e  P la ­
to n ic  a n d  A rch im ed ean  solids an d  te sse lla tio n s  w ill be given by th e  Steiner- 
sym bols b ased  on th e  unam biguous d e te rm in a tiv e  role of v e rtic e s  o f  reg u la r 
an d  sem i-regu la r p o ly h ed ra  an d  te sse lla tio n s . I n  b rack e ts  th e  r e g u la r  polygons 
jo in in g  in  a v e r te x  w ill be en u m era ted  a n d  th e  polygons w ill b e  m a rk e d  only 
b y  one n u m b er, i.e . b y  th a t  of th e ir  sides (v e rtic e s) . E .g . th e  sym bo l o f  th e  prism s 
show n  is (к , 4, 4), t h a t  o f th e  an tip rism s  is (fc, 3, 3, 3) w here к  d e n o te s  any  
c a rd in a l n u m b e r g re a te r  th a n  2. T ab le  I I .  d em o n stra te s  th e  so lids a n d  te sse l­
la tio n s  to  be in v es tig a ted .
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Table П

Platonic and Archimedean B olide and tesaellationB

Platonic tessella­
tions

(3,3,3,3,3,3) (4,4,4,4) (6,6,6)

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) (3,4,5,4) (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)

F e je s-Tóth (1964) re fe r re d  to  th e  fa c t t h a t  so m e  o f th e  reg u la r a n d  se m i­
re g u la r  p o ly h ed ra  a n d  te sse lla tio n s  can be d e d u c e d  fro m  each o th e r  b y  m ean s  
o f  t ru n c a t io n . This p a p e r  d e m o n s tra te s  th a t  b y  m e a n s  o f  tru n c a tio n  th e se  so lids 
an d  te sse lla tio n s  can  b e  u n ifo rm ly  co m p reh en d ed  in to  our period ic  ta b le .4

Truncation is the operation by means o f which new faces are generated in  the 
direction o f  and on the place o f  vertices so t h a t  a p p ly in g  planes in te rse c tin g  th e  
p o ly h e d ro n  th e  sm a lle r-g re a te r  env iro n m en t o f th e  vertices are  re m o v e d  
(sh o r tly :  th e  v ertices a re  c u t  off). This can  b e  c a r r ie d  o u t in  tw o w ays. 1. I f  
th e  size o f  th e  p y ra m id  to  b e  rem o v ed  is k n o w n , h a v in g  m easured  th e  re q u ire d  
p y ra m id  edge len g th s  o n to  th e  edges jo in ing  in  th e  v e r te x , th e  co n to u rs  o f  th e  
basis  o f  p y ra m id  w ill b e  o b ta in e d ; in te rsec tin g  th e  b o d y  along th is  p lan e  th e  
so rn e r o f  th e  bo d y  c a n  be  rem o v ed . 2. W hen  th e  su rfa c e  of th e  face s u b s t i tu t ­
in g  th e  v e r te x  w ill be  co n tin u o u s ly  changed  th e n  s ta r tin g  from  th e  v e r te x  
p a ra lle l lay e rs  are rem o v ed  fro m  th e  p o lyhed ron  b y  m ean s of planes p e rp e n d ic ­
u la r  to  th e  sy m m e try  ax is  o f  th e  v ertex . T h is  is  th e  continuous t ru n c a t io n , 
th u s  th e  v e r te x  is t r u n c a te d  on ly  in  th e  f i r s t  m o m e n t, th e  fu r th e r  re m o v a l 
ch an g es  th e  size o f th e  face  a p p ea rin g  on th e  p la c e  o f  th e  vertex .

T h re e  k inds o f  tru n c a tio n s  w ill p ro d u ce  a ll th e  A rch im edean  b o d ie s : 
s im p le , com plex  an d  sn u b  tru n c a tio n s . A p p ly in g  sim ple truncation to  re g u la r  
p o ly h e d ra  th e  A rch im ed ean  solids are  o b ta in ed  b y  c o n tin u o u s  tru n c a tio n . S ince 
th e  v e r tic e s  o f reg u la r p o ly h e d ra  are  regu lar, in te rs e c tin g  th e  vertices b y  p la n e s  
p e rp e n d ic u la r  to  th e  sy m m e try  axes p e n e tra tin g  th e  po ly h ed ro n ’s axes re g u la r  
p o ly g o n s  are  o b ta in ed  in  th e  s ite  o f in te rsec tio n . T h e  con tinuous t ru n c a tio n  o f  
v e r tic e s  b y  planes (rem o v a l b y  layers) is u n b ro k e n  t i l l  th e  edge le n g th  o f  th e  
new  a n d  o ld  tru n c a te d  faces w ill be equal, th e  A rch im ed ean  solids o f th e  s im p le  
t r u n c a t io n  sequence w ill b e  o b ta in ed . W hen th e  s im p le  tru n c a tio n  reach ed  th e  
s ta te  w h e re  only  one p o in t o f  o rig inal faces o f  th e  o rig in a l P la ton ic  solid re m a in e d  
(i.e. th e  cen tre  o f th e se  faces), th e  recip rocal o f  th e  P la to n ic  solid is a t ta in e d  
(F ig . 2 .2 ). T hus, th e  sim p le  tru n c a tio n  sequence co n s is ts  o f tw o P la to n ic  so lids

4 M oreover: hyperbolic tessellations also obbey th is reg u la rity  as referred in  the  b o tto m  
series in  Fig. 2.2.
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Fig. 2.2 The periodic table of Platonic and Archimedean solids and tessellations supplemented by the sequence of one of the infinite numbers 
of two-dimensional hyperbolic tessellations. In order to emerge, the regular solids are given in their projected-onto-sphere form
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(b e in g  th e  reciprocals o f each  o th e r )  an d  o f th ree  A rch im ed ean  solids o b ta in e d  
b y  th e  s im p le  tru n c a tio n  o f  P la to n ic  ones. In  a p e c u lia r  sequence, i.e . in  th e  
se q u e n c e  o f  te tra h e d ra , h o w ev e r, in  th e  m idw ay o f sim p le  tru n c a tio n  a  P la to n ic  
so lid  b e in g  “ m ore reg u la r”  th a n  th e  A rch im edean  ones em erges: th e  o c ta h e d ro n . 
T h e  se q u e n c e  o f te tra h e d ra  b e a rs  o th e r  in te re s tin g  fe a tu re s , to o , e.g. th e  ico sa ­
h e d ro n  o ccu rrin g  in  co n n ec tio n  w ith  snub  tru n c a tio n . S im ila rly  to  th e  sequence  
o f  te t r a h e d r o n ,  in  th e  sq u a re  la t t ic e  sequence also a  P la to n ic  sq u a re  la tt ic e  
o ccu rs  a t  m idw ay  am ong th e  la t t ic e s  w hich is tw ice  “ d en se r”  th a n  th e  o rig in a l 
P la to n ic  tesse lla tions.

N e w  A rchim edean solids c a n  b e  crea ted  from  th e  one being  th e  m idd le  
m e m b e r  o f  sim ple tru n c a tio n  seq u en ces and  ly ing  in  th e  m idw ay  o f a n d  th u s  
b e a r in g  th e  faces of th e  tw o  e x tre m e  reciprocal P la to n ic  solids. T hese  bodies 
a re , h o w e v e r , sem i-regular — e x c e p t th e  o c tah ed ro n  o f  th e  sequence o f  t e t r a ­
h e d ra  — a n d  tru n c a tin g  th e ir  v e rtic e s  non -regu lar po lygons are  o b ta in e d . If, 
h o w e v e r , th in  rem oval is c a r r ie d  o u t also from  th e  tr ia n g le  faces of th e  (3,k,3,k) 
p o ly h e d ra  (к  =  4,5 an d  also in  case o f th e  p la n a r  te sse lla tio n  w here к  =  6 ), 
i.e . w h e n  rem oving  b o th  fro m  th e  v e rtices  of th e  m id w ay  po ly h ed ro n  a n d  from  
th e  t r ia n g u la r  faces and  th is  re m o v a l is done s im u ltan eo u sly  an d  c o n tin u o u sly , 
( th is  is  th e  complex truncation), p o sitions will be o b ta in e d  w hen o n ly  reg u la r  
faces c o v e r  th e  body. B y  m e a n s  o f  th e  con tinuous com plex  tru n c a tio n  on  th e  
(3 ,k ,3 ,k) b o d ies  m en tioned  a b o v e  tw o  new A rch im edean  solids can  be d e riv ed : 
(4 ,6 ,2k) a n d  (3,4,fe,4).

B y  m eans of snub truncation  th e  A rch im edean  solids (3 ,3 ,3 ,3 ,k) c a n  be 
d e r iv e d  a lso  from  th e  (3,k,3,k) p o ly h e d ra . In  case o f  sn u b  tru n c a tio n  th e  fa c t 
is u s e d  t h a t  th e  plane t ru n c a t in g  th e  v e rtex  is d e te rm in e d  b y  its  th re e  p o in ts . 
T h u s  t ru n c a t io n  can be g iven  a lso  b y  th e  sections w h ich  a re  in te rse c te d  b y  th e  
t r u n c a t in g  p lane  from  th e  edges o f  th e  po lyhedron . L e t us d iv ide th e  edges of 
th e  s t a r t in g  solids b y  golden se c tio n : th e  s ligh tly  m isfash io n ed  v a rie tie s  o f  th e

F ig . 2.3

id e a l (3 ,3 ,3 ,3 ,Id) solids w ill be o b ta in e d . The case o f o c ta h e d ro n  is an  e x c e p tio n  
s in ce  d iv id in g  its  edges b y  g o ld e n  sec tio n  (Fig. 2.3) i.e . in te rsec tin g  its  ve rtices  
t r u n c a t in g  p lanes d e te rm in ed  b y  th e  d iv id ing  p o in ts  th e  icosahed ron  w ill be 
o b ta in e d . B y  m eans o f sn u b  t ru n c a t io n  tw o v a rie tie s  o f  a sn u b -p o ly h ed ro n
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Table III
The infinite matrix o f symbols o f  the regular solids, the regular planar tessellations and the regular

hyperbolic tessellations

(3.3.3) (3,3,3,3) (3,3,3,3,3) (3,3,3,3,3,3) (3,3,3,3,3,3,3) .................
(4.4.4) (4,4,4,4) (4,4,4,4,4) (4,4,4,4,4,4) (4 ,4,4,4,4,4,4) ...................

(5.5.5) (5,5,5,5) (5,5,5,5,5) (5,5,5,5,5,5) (5,5,5,5,5,5,5) ..................
(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) .................
(7,7,7) (7 ,7 ,7 ,7) (7,7,7,7,7) (7,7,7,7,7,7) (7,7,7,7,7,7,7) ...................

can  be  c rea ted  w h ich  c a n n o t be tra n sfe rre d  in to  each  o th e r: a r ig h t-h a n d  and 
a le f t-h a n d  one (en an tio m o rp h ic  pairs). ( In  th e  course o f  sn u b  t ru n c a tio n  tw o 
reg u la r tr ian g le  faces develop  on th e  p lace o f  v e rtic e s  o f  th e  (3,fc,3,fc) solid.)

In  case o f  p la n a r  tesse lla tio n s th e  t ru n c a t io n  o f v e rtic e s  c a n  h e  m ost 
easily  im ag ined  b y  th e  m e th o d  app lied  p re v io u s ly  to  solids t h a t  is s ta r tin g  
from  th e  ve rtices  sec tio n s are  m easured  to  th e  edges jo in in g  in  th e  vertices 
(e.g. eq u a l sec tions in  case o f sim ple tru n c a tio n )  a n d  connec ting  th e  end -po in ts  
o f  th e m  th e  re g u la r  p o ly g o n  su b s titu tin g  th e  v e r te x  w ill be  o b ta in e d . T h e  sam e 
p rocedure  is ca rr ied  o u t in  a ll vertices o f th e  te sse lla tio n . T h e  t ru n c a t io n  steps 
described  a t  th e  solids ca n  also be ca rried  o u t  o n  tesse lla tio n s.

B y  m eans o f  th e  tru n c a tio n  p rocedures e n u m e ra te d  above f iv e  tru n c a tio n  
sequences can  be d ed u ced  o f th e  P la to n ic  a n d  A rch im ed ean  solids a n d  te sse lla ­
tio n s: th ree  o f th e m  a re  assigned  to  solids, tw o  to  te sse lla tio n s .5 E a c h  sequence 
is g en era ted  b y  a  P la to n ic  p a ir  consisting  o f  th e  rec ip rocals  o f  e ach  o th e r , th u s  
these  sequences are  d en o m in a ted  a fte r  th e m : te tra h e d ro n , o c ta h e d ro n -h ex a ­
hed ro n , ico sah ed ro n -d o d ecah ed ro n , reg u la r tr ia n g le  la ttic e  — re g u la r  hexagonal 
la ttic e  an d  sq u are  la tt ic e  sequences.

Those solids o r te sse lla tio n s w hich b e lo n g  to  th e  ajk a n d  aki m a tr ix  ele­
m en ts in  T ab le  I I I .  a re  rec ip rocal to  each o th e r . B e tw een  th ese  rec ip ro ca l pa irs 
th e  follow ing sim ple tru n c a tio n  sequence b u ild  th e  connec tion :

(,k ,k ,k , . . .  /с) {l,2k,2k) (l,k,l,k) (k,2l,2l) (l,l,l, . . .  1)
ft

(As th e  solids can  b e  considered  eq u iv a len t — acco rd ing  to  s y m m e try  ch a rac ­
te ris tic s  — w ith  th e  sp h erica l tesse lla tions, th is  is th e  general fo rm  o f  th e  sim ple 
tru n c a tio n  sequence o f  tesse lla tio n s o f  tw o -d im en sio n a l su rfaces: o n  spherica l, 
p la n a r an d  h y p erb o lic  surfaces.)

B y  m eans o f  th e  described  tru n c a tio n  o p e ra tio n s  th e  sam e  n u m b e r of 
solids an d  te sse lla tio n s  w ill be o b ta in ed  in  th e  f iv e  sequences. (O ccasionally , 
a p o lyhed ron  or a te sse lla tio n  occurs severa l tim e s  b u t  th ese  cases o f  sam e p a t ­

5 I t  m ust be noted , th a t  the similar truncation  steps can he accom plished on the  infinite 
num ber of hyperbolic tessellations (Table I I I . Fig. 2.2).
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te r n  a re  o f  d ifferen t po sitio n s in  th e  tru n c a tio n  sequence .) D raw ing  th e  t r u n c a ­
t io n  se q u e n c e s  below one a n o th e r  so th a t  th e  solids a n d  tesse lla tio n s o b ta in e d  
in  th e  sa m e  tru n c a tio n  s te p  g e t  th e  position  below  each  o th e r, i.e. in  th e  sam e 
c o lu m n , th e  periodic sy s tem  o f  th e  P la to n ic  and  A rch im ed ean  solids a n d  te sse l­
la t io n s  is  ob ta ined .

E a c h  series of th e  p e r io d ic  ta b le  is g en era ted  b y  a  p a ir  o f re g u la r  solids 
o r m o sa ic s  tessella tions (i.e. t h e  recip rocals o f  each  o th e r) . F ro m  th is  p o in t  of 
v iew  e a c h  series is in d e p e n d e n t. Som e of th e  solids m a y  occur in  sev e ra l se­
q u e n c e s  in  d ifferen t p o s itio n s . T h is  fa c t suggests a close re la tio n sh ip  b e tw een  
th e  se q u e n c e s  te tra h e d ro n , o c ta h e d ro n -h ex a h e d ro n  a n d  ico sah ed ro n -d o d eca­
h e d ro n  w h ich  is m an ifested  in  th e  sy m m etry  o f  th e se  solids. No re la tio n sh ip  
o f  th is  k in d  exists b e tw een  th e  tw o  p lan a r te s se lla tio n  sequences !

Fig. 2.4

T h e  ta b le  is com plete  in  itse lf . All th e  P la to n ic  an d  A rch im ed ean  solids 
a n d  te sse lla tio n s  occur in  i t  o n c e  a t  least. N ev erth e less , a solid o r te sse lla tio n  
h a s  b e e n  o m itted  w hich  w as  believ ed  to  be  A rch im ed ean . T he so lid  is th e  
“ s c a lp e d ”  (3,4,4,4) w hich  c a n  b e  derived  from  th e  A rch im ed ean  (3 ,4 ,4 ,4) b y  
c u t t in g  o f  one of its  caps th e n  ro ta t in g  b y  45° th e  so lid  an d  th e n  re a d ju s te d  i t  
a g a in  (F ig . 2.4). The v e r te x  c o n fig u ra tio n s  do n o t  ch an g e  due  to  th e  p r ism  zone 
ly in g  b e lo w  th e  cap b u t  th e  r o ta t io n  w ith  45° a c c e n tu a te s  one o f th e  sy m m e try  
ax es  o f  th e  solid, th u s  th e  “ s c a lp e d ”  po lyhed ron  (3 ,4 ,4 ,4) is a h y b r id  one  ly in g  
b e tw e e n  th e  ta b u la te d  A rc h im e d e a n  solids an d  th e  p rism s ( th o u g h  i t  keep s its  
S t e i n e r - sym bol (3,4,4,4), to o ) .  F o r  sim ilar re a so n s , i.e. d is tin g u ish in g  one 
d ire c t io n , th e  mosaic (3 ,3 ,3 ,4 ,4 ) is also rem oved  f ro m  th e  circle o f  ta b u la te d  
te s s e l la t io n s :  th is  is th e  o n ly  p r ism -a n tip rism  m osaic  o f  th e  p lane , th e  u n i ty  of 
th e  p la n a r  “ abso lu te p r ism ” , o f  th e  square  la tt ic e  a n d  “ abso lu te  a n tip r ism ”  
o f  th e  re g u la r  tr ia n g u la r  l a t t i c e ,  i.e . th e ir  “ c rested  su m ”  (F ig. 2.5).

I n  o u r periodic s y s te m  th e  tw o-d im ensional te sse lla tions a n d  th ree - 
d im e n s io n a l solids are t r u n c a te d  in  th e  sam e s tep s . (B y  m eans o f th e  o u tlin ed  
s te p s  th e  sam e s ta te m e n ts  a re  v a lid  of th e  one-d im en sio n a l “ T esse lla tio n ” , 
i.e . o f  th e  s tra ig h t line c o v e re d  b y  equal sections, as w ell as o f  th e  re g u la r  p o ly ­
g o n s .)  A  periodic tab le  s im ila r  to  t h a t  o f th e  P la to n ic  an d  A rch im ed ean  solids 
a n d  te sse lla tio n s  can b e  c r e a te d  fo r th e  th ree -d im en sio n a l te sse lla tio n s  and  
fo u r-d im e n s io n a l solids. (T h e  fo u r- (and h ig h er)-d im ensiona l solids a re  called 
p o ly to p e s .)  The tru n c a tio n  s te p s  can  be v isualized  o n  th e  te sse lla tio n s o f  th e
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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 o f 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.)

T he d e fin itio n  o f  tru n c a tio n  is re p e a te d  as sa id  in  th e  case o f p la n a r  te sse l­
la tio n s  b u t  in  a genera lized  fo rm . S ta r tin g  f ro m  one v e rtex  th e  sam e  sections 
are  m easu red  to  th e  edges. T he end -p o in ts  o f  sec tions w ill give th e  v e r tic e s  of 
th e  en v iro n m en t a ro u n d  th e  v e rtex , th e  v e r tic e s  o f  a regu lar o r sem i-reg u la r 
solid d e te rm in ed  b y  th e  v e rte x  figure. W h en  tru n c a tin g , th is  e n v iro n m e n t w ill 
be  rem oved .

T he sim ple tru n c a tio n  sequence o f  th e  sp a tia l h ex ah ed ro n  la t t ic e  is as 
follow s (F ig . 2 .6): s ta r t in g  from  th e  ve rtices  o f  th e  reg u la r sp a tia l te sse lla tio n , 
o f  th e  h ex ah ed ro n  la tt ic e  th e  e n v iro n m en t o f  th e  hex ah ed ro n  v e rtic e s  w ill be 
rem o v ed  lay e r b y  la y e r  (it is m ore expressive  to  im agine th a t  th e  e n v iro n m e n t 
o f  v e rtic e s  — in  h a rm o n y  w ith  th e  v e r te x  f ig u re  — w ill be b low n  u p ) . One 
sh o u ld  be  s to p p ed  a t  positions in  w hich th e  c irc u m v e rtex  en v iro n m en ts  (w hich 
are  them selves also reg u la r or sem i-regu lar so lids) and  th e  tru n c a te d  sp a tia l-  
m osaic-form ing  solids a re  o f th e  sam e edge le n g th . N ow  th e  s ta te s  o f  th e  
sim ple tru n c a tio n  sequence consist of seven  e lem en ts  (as ag a in st th e  f iv e  ele­
m e n ts  o f  sim ple tru n c a tio n  sequence o f th e  tw o -d im ensiona l te sse lla tio n s  (F ig . 
2.2). S ince th e  sp a tia l h ex ah ed ro n  la ttic e  is th e  rec ip rocal of itse lf, th e  sim ple 
tru n c a tio n  sequence is sym m etrica l co n cern in g  th e  tesse lla tion  ly in g  in  th e  
m idw ay  o f th e  tw o  h ex ah ed ro n  la ttic e s . I n  F ig . 2.6  the elements drawn as solids 
in  th e  sp a tia l te sse lla tio n  are shown on the left, th e  sp a tia l te sse lla tio n  elements
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13,3,3,3)

(3,3, 3, 3)2

(4 ,6 ,6)2

(3,4, 3, 4 )4

(3, 3, 3, 3)

У У

У
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remained empty are shown on the right, and by means of the STElNER-symbol 
the number of joining elements is also indicated. Both the left colum n 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 ( C o x e t e r , 

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)6 is 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

F ig . 2 .6  I n te r p r e ta t io n  o f  t h e  s im p le  t r u n c a t io n  s e q u e n c e  o f  t h e  s p a t ia l  h e x a h e d r o n  la t t ic e  b y
s y m b o ls

In  th e  h e x a h e d r o n  la t t i c e  8 h e x a h e d r o n  v e r t ic e s  jo in  in  e a c h  v e r t e x ;

F ir s t  s ta t io n :  t h e  v e r t e x  f ig u r e  o f  ( 4 ,4 ,4 ) 8 is  a n  o c ta h e d r o n , t h u s  t h i s  r e g u la r  so lid  
o ccu rs  in  t h is  s p a c e  la t t i c e .  H e r e  fo u r  ( 3 ,8 ,8 )  n e ig h b o u r in g  a lo n g  o n e  e d g e  a n d  th e  
( 3 ,3 ,3 ,3 )  r e p r e s e n t in g  t h e  v e r t e x  f ig u r e  a r e  jo in e d ;

S e c o n d  s t a t io n :  t h e  v e r t e x  f ig u r e s  are  b lo w n  u p  so  th e y  t o u c h  t h e m s e lv e s  b y  th e ir  
v e r t ic e s .  T h u s , in  e a c h  v e r t e x  t w o  o c ta h e d r a  a re  jo in e d . F u r th e r  t h e  fo u r  (3 ,4 ,3 ,4 )  
o b ta in e d  b y  t h e  t r u n c a t io n  o f  ( 3 ,8 ,8 )  a n d  n e ig h b o u r in g  t h e m s e lv e s  in  t h e  e d g e s  jo in  
a lso  e a c h  v e r t e x ;

T h ir d  s ta t io n :  t h e  w h o le  sp a c e  la t t i c e  is  b u i l t  u p  b y  o n ly  o n e  s e m i- r e g u la r  so lid . 
N e v e r th e le s s ,  n o t  t h e  s im p le  ( 4 ,6 ,6 ) 4 w a s  u s e d  b e c a u s e  i t  c o u ld  n o t  e x p r e s s  t h e  s ig n if ­
i c a n t  f e a tu r e  o f  t h i s  la t t i c e  c o n f ig u r a t io n  t h a t  h a l f  o f  t h e  b o d ie s  d e r iv e s  fro m  th e  
t r u n c a t io n  o f  h e x a h e d r a  o f  t h e  s t a r t in g  h e x a h e d r o n  la t t ic e ,  t h e  o t h e r  h a l f  d er iv es  
fro m  th e  “ b lo w in g  u p ”  v e r t e x  f ig u r e  h o le s  e n la r g in g  b y  t r u n c a t io n .  T h e  b lo w in g  
v e r t e x  f ig u r e s  f i t  o n e  a n o th e r  a n d  t h is  r e s u l t s  in  t h e  sq u a re  fa c e  a m o n g  t h e m . T h ese  
sq u a re  fa c e s  w e r e  g e n e r a te d  p e r p e n d ic u la r ly  o f  t h e  e d g e s  o f  t h e  f o r m e r  h e x a h e d r o n  
la t t ic e  a n d  th e ir  sq u a r e  fo r m  p r o v e s  t h e  f a c t  t h a t  a lo n g  a n  e d g e  f o u r  h e x a h e d r a  
w e r e  jo in e d .

T h e  t r u n c a t in g  ( 4 ,6 ,6 )  s o lid s  w e r e  s h r u n k e n  to  o c ta h e d r a  w h ic h  w h e n  jo in in g  in  
th e ir  v e r t ic e s  r e p e a t  t h e  l a t t i c e  o f  t h e  s e c o n d  s t a t io n  so  t h a t  in  t h e  v e r t ic e s  o f  th e  
la t t ic e  t h e  fo u r  s o l id s  e n la r g e d  fr o m  ( 4 ,6 ,6 )  t o  ( 3 ,4 ,3 ,4 )  are j o in e d  in  a d d i t io n  t o  th e  
tw o  o c ta h e d r a .

T h e  t r u n c a t in g  s o l id s  t h e  o c ta h e d r a  j o in  e a c h  o th e r  n o m o re . T h is  i s  a n a lo g o u s  to  
t h e  la t t ic e  o f  t h e  f i r s t  s t a t io n .

T h e  tr im e a t in g  b o d ie s  a re  s h r u n k e n  to  p o in t s  a n d  t h e  r e m a in in g  e d g e s  c o n n e c t in g  
t h e  p o in ts  d r a w  t h e  s k e le to n  o f  t h e  s p a t ia l  h e x a h e d r o n  la t t i c e .  T h e  r e c ip r o c a l  o f  th e  
s ta r t in g  h e x a h e d r o n  la t t i c e  w a s  o b ta in e d . A ll  v e r t ic e s  o f  t h is  l a t t i c e  a r e  t h e  cen tr e s  
o f  t h e  s ta r t in g  h e x a h e d r o n  l a t t i c e  a n d  in v e r s e ly ,  a ll  t h e  c e n tr e s  o f  t h e  n e w  h e x a h e ­
d ro n  la t t ic e  are t h e  v e r t ic e s  o f  t h e  s t a r t in g  la t t i c e

( 3 ,8 ,8 ) 4 
( 3 ,3 ,3 ,3 )

(4 ,4 ,4 )*

( 3 ,4 ,3 ,4 ) 4 
(3 ,3 ,3 ,3 )*

( 4 .6 .6 )  *
( 4 .6 .6 )  *

(4 ,4 ,4 )*

( 3 ,3 ,3 ,3 )  
( 3 ,8 ,8 ) 4

( 3 .3 .3 .3 )  *
( 3 .4 .3 .4 )  4
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Table IV

Truncation sequences o f  the four-dimensional regular polytopes, the three-dimensional

Snub t ru n c a tio n Simple t r u n c a t io n  sequence

S e q u e n c e  o f  th e  
o c t a h e d r a l  
f a c e d  m e a su r e -  
p o l y t o p e

( 3 , 3 , 3 ,3 )« (4 ,4 ,4 )
(4 ,6 ,6 )3

( 4 .4 .4 )  *
( 3 .4 .3 .4 )  »

(3 .8 .8 )  *
(3 .8 .8 )  *

( 3 .4 .3 .4 )  »
( 4 .4 .4 )  *

S e q u e n c e  o f  th e  
f o u r -d im e n s io n a l  
r e g u la r  s im p le x

( 3 ,3 ,3 )* (3 ,3 ,3 )
(3 ,6 ,6 )»

( 3 .3 .3 )  *
( 3 .3 .3 .3 )  »

(3 .6 .6 )  =
(3 .6 .6 )  *

( 3 .3 .3 .3 )  »
( 3 .3 .3 )  *

M e a s u r e -p o ly to p - (3 ,3 ,3 )« ( 3 ,3 ,3 )« (3 ,3 ,3 ,3 ) (3 ,3 ,3 ,3 )* (4 ,6 ,6 )* ( 3 ,4 ,3 ,4)»
c r o s s  p o ly t o p e  

s e q u e n c e
(3 ,3 ,3 ,3 ,3 y (3 ,6 ,6)* (3 ,3 ,3 ,3 )* (3 ,6 ,6 )* (3 ,3 ,3 )*

S e q u e n c e  o f  th e  
1 2 0  c e l l — 6 0 0  
c e l l

( 3 , 3 , 3 ) » (3 ,3 ,3 ,3 ,3 )  
(3 ,6 ,6 )»

( 3 .3 .3 .3 .3 )  *
( 3 .3 .3 .3 )  *

(5 .6 .6 )  *
(3 .6 .6 )  *

( 3 ,5 ,3 ,5)»  
(3 ,3 ,3 )*

S e q u e n c e  o f  th e  
s p a t i a l  h e x a ­
h e d r o n  t e s s e l la ­
t i o n

( 4 ,4 ,4 )» (3 ,3 ,3 ,3 )  
(3 ,8 ,8 )*

( 3 .3 .3 .3 )  *
( 3 .4 .3 .4 )  *

(4 .6 .6 )  *
(4 .6 .6 )  *

(3 ,4 ,3 ,4 )*  
(3 ,3 ,3 ,3 )*

S e q u e n c e  o f  th e  
th r e e - d im e n s io n -

( 5 , 5 , 5 ) » (3 ,3 ,3 ,3 ,3 )  
(3 ,10 ,10 )*

(3 ,3 ,3 ,3 ,3 )*  
(3 ,5 ,3 ,5 )*

(5 .6 .6 )  *
(5 .6 .6 )  *

(3 ,5 ,3 ,5 )*  
(3 ,3 ,3 ,3 ,3 )*

a l  h y p e r b o l ic  
r e g u la r  te s s e l la ­
t i o n s

( 3 ,3 ,3 ,3 ,3 ) 12 (5 ,5 ,5 )
(5 ,6 ,)»

( 5 .5 .5 )  *
( 3 .5 .3 .5 )  »

(3 .1 0 .1 0 )  *
(3 .1 0 .1 0 )  *

( 3 .5 .3 .5 )  »
( 5 .5 .5 )  *

o f  t h e  120-cell (5,5,5)4 c o n s is tin g  o f  regular d o d e c a h e d ra  is th e  600-cell (3 ,3 ,3)20. 
O u t o f  th e  six en u m era ted  r e g u la r  polytopes tw o  a re  th e  rec ip rocals  o f th e m ­
se lv e s ; th e  simple t ru n c a tio n  seq u en ce  of these  tw o  r e g u la r  po ly topes is “ sy m ­
m e tr ic ”  sim ilar to  th e  sp a c e  la t t ic e . The t ru n c a t io n  sequences o f (3 ,3 ,3)4 o r
(3 .3 .3 .3 ) 6 can  be b u ilt u p  f ro m  th e  te tra h e d ro n  o r  f ro m  th e  o c tah ed ro n -h ex a ­
h e d ro n  sequences. (The s ig n if ic a n c e  of th e  o c ta h e d ro n — hexahedron  sequence 
is em p h a s iz e d  by th e  fa c t  t h a t  un ify ing  w ith  i ts e lf  fro m  th e  d irections o f  its  
b o th  g en era to rs , i.e. from  th e  o c ta h e d ro n  and  fro m  th e  h ex ah ed ro n , i t  gen era tes  
a  fo u r-d im en sio n a l t ru n c a t io n  seq u en ce : th e  seq u en ce  o f  th e  (3,3,3,3)e p o ly to p e  
m e n tio n e d  above and  t h a t  o f  th e  p a rticu la rly  s tu d ie d  (4,4,4)8 space la ttic e .)

I n  th e  fu rth er fo u r-d im e n s io n a l tru n c a tio n  seq u en ces g en era ted  b y  tw o 
re c ip ro c a l  pairs the  c o m b in a tio n  o f tw o-tw o th re e -d im e n s io n a l tru n c a tio n  
se q u e n c e s  are found. As i t  is e x c e p te d  on th e  basis  o f  th e  exam ples above, th e
(3 .3 .3) 8— (4,4,4)4 t ru n c a tio n  se q u e n c e  is b u ilt u p  b y  th e  te tra h e d ro n  an d  o c ta ­
h ed ro n -h e x a h ed ro n  seq u en ces , w hile  the  (3 ,3 ,3)20— (5,5 ,5 )4 sequence w ill he 
b u i l t  u p  b y  the  co m b in a tio n  o f  th e  te trah ed ro n  a n d  th e  reg u la r dodecahedron- 
ic o s a h e d ro n  sequences. I n  th e  T a b le  IV. of sim ple t ru n c a t io n  sequences o f po ly-
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regular tessellation and the three-dimensional hyperbolic regular tessellations

to p es  th e  re la tio n sh ip s , reg u la ritie s  h av in g  d e m o n s tra te d  in  th e  p re v io u s  p e rio d ­
ic sy s te m  can  also he  observed .

F u r th e r  fou r-d im ensiona l p o ly to p es c a n  be derived  from  th o se  w h ich  are 
b u il t  u p  b y  th e  s ta r tin g  bodies o f  th e  co m p lex  tru n c a tio n  sequences o f  th e  p re ­
v ious period ic  system . N ev erth e less , o n ly  one p o ly to p e  or sp ace -te sse lla tio n  of 
such  ch arac te ris tic s  is fo u n d ; i.e . t h e  (3,3,3,3)® in  th e  tru n c a tio n  sequence  of
(3 ,3 ,3)8—(4,4,4)4 and  th e  (3 ,3 ,3,3)2 (3 ,4 ,3 ,4)4 in  th a t  of th e  h e x a h e d ro n  la ttic e . 
F ig . 2.7 shows th e  com plex  t ru n c a tio n  sequence  and  p a r tia l  t ru n c a t io n  se­
q uence  an d  th e ir  tw o  te sse lla tio n s  w hich  can  be  derived  from  th e  l a t t e r  one. A t 
th e  end  o f th e  p a r tia l tru n c a tio n  seq u en ce  th e  know n space la t t ic e  b u ilt  up 
b y  o c ta h e d ra  an d  te tr a h e d ra  in  th e  th ree -d im en sio n a l space is fo u n d . In  the 
p a r t ia l  tru n c a tio n  sequence ev e ry  second ,o f th e  (3,4,3,4) w ill be b lo w n  u p  while 
th e  o th e rs  endure  th e  tru n c a tio n  accom pan ied  by  th e  ex ten s io n  o f  (3,4,3,4). 
(P a r t ia l  tru n c a tio n  can  be ca rr ied  o u t also w ith  (3,3,3,3)®).

S nub  tru n c a tio n  is successful on ly  on th e  (3,3,3,3)®: th e  o c ta h e d ra  b u ild ­
in g  u p  th e  p o ly tope  w ill be defo rm ed  in to  icosahed ra  an d  on  th e  p lace  of 
v e rtices  o f th e  p o ly to p e  te tr a h e d ra  w ill develop .
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(4. 4 ,4 ) 2 
(3. 4, 4 ,4 > 2 
(3, 4, 3. 4)

complex truncation

F ig. 2 .7

A ccording to  th e  d e f in i t io n  am ong th e  p o ly to p e s  o b ta in ed  b y  tru n c a tio n  
f ro m  th e  regu lar fo u r-d im e n s io n a l poly topes, th o se  a re  sem i-regu lar w hich  are 
b u i l t  u p  b y  various th re e -d im e n s io n a l solids a n d  th e ir  v e rte x  co n fig u ra tio n s 
a re  co n g ru en t. (The la t t e r  c o n d itio n  is sa tisfied  b y  a ll bodies an d  m osaics o f  th e  
t r u n c a t io n  sequences.) S ince  b y  m eans of ad ju s tin g  o f  faces of five  th re e -d im e n ­
s io n a l bodies only th re e  m a y  jo in  each o ther, i.e . th e  te tra h e d ro n , th e  o c ta h e ­
d ro n  a n d  th e  icosahedron , th u s  th e  fou r-d im ensional sem i-regu lar po ly to p es and  
th re e -d im e n s io n a l te s se lla tio n s  should  be b u ilt  u p  b y  th e  pairs o f th em . D isre ­
g a rd in g  th e  sequence o f th e  o c tah ed ra l-faced  m easu re -p o ly to p e  one sem i-regu lar- 
p o ly to p e  or tesse lla tion  is fo u n d  in each t r u n c a t io n  sequence: in  th a t  o f  th e  
r e g u la r  sim plex the  (3 ,3 ,3 )2 (3 ,3 ,3,3)3; in  th e  seq u en ce  o f  m easu re-po ly tope  th e
(3 ,3 ,3 )5 (3,3,3,3,3)3 p ro d u c e d  b y  snub tru n c a tio n ; in  th e  sequence o f th e  120 
a n d  600 cells th e  (3 ,3 ,3 ,3 ,3 )2 (3 ,3 ,3,3)5; in th a t  o f  th e  sp a tia l h ex ah ed ro n  la ttic e  
th e  (3 ,3 ,3)8 (3,3,3,3)«.

F in a lly , the  sim ple t r u n c a t io n  sequence o f  th e  fou r-d im ensional “ cu b ica l” 
la t t ic e  w ill be show n w h ic h  can  be b u ilt u p  b y  fou r-d im ensional m easure- 
p o ly to p e s  and the  sim p le  tru n c a tio n  sequence o f  a n o th e r  four-d im ensional
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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 b y  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)4]16. Since the cubical 
lattices are always the reciprocals of them selves, the simple truncation se­
quence of the four-dimensional cubical lattice is the superposition w ith 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 [(3,3,3,3)®]8 itse lf 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 o f the simele truncation sequences of the octahedron-faced  
measure-polytope and of the measure-polytope — cross-polytope. B y means 
of the (4,4,4)4 vertex figure the latter sequence induces a reciprocal lattice, i.e. 
the [(3,3,3)8]24 built up by the (3,3,3)8 cross-polytope ,the vertex figure o f which 
will be the (3,3,3,3)® enclosed by 24 octahedral solid “faces” .
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Table V

Sim ple truncation sequences o f  the five-dimensional regular solids

I n  t h e  tru n c a tio n  sequence  o f  (6 ,6 ,6), the  (6 ,6 ,6 ) a p p e a rs  again  before its  rec ip ­
ro c a l. T h e  space la ttic e  o f  t h e  o c tahed ron -faced  m easu re-po ly tope  show s a 
s im ila r  b ehav iou r. T he f a c t ,  h o w ev e r, th a t  th re e  k in d s  o f  regu lar space la ttic e s  
a re  fo u n d  in  four d im en sio n s  also resem bles to  th e  tw o-d im ensional „ a b u n ­
d a n c e ” . (The fiv e -d im en sio n a l sim ple  tru n c a tio n  seq u en ces are listed  in  T a b le  Y.)

T h e  m ethod  show n a b o v e  c a n  be genera lized  a lso  to  reg u la r-p o ly to p es o f 
m o re  t h a n  four d im ensions. T h is  produces ex is ten ce -lik e  re su lts , b u t  no u n ic ity . 
( I t  c a n  he  d em o n stra ted  b y  m e a n s  of o ther m e th o d s  o n  th e  bodies o ccu rrin g  in  
t h e  p e rio d ic  tab le  o f th e  P la to n ic  and  A rch im ed ean  solids and  te sse lla tio n s  
t h a t  th o s e , and  only  th o se  a re  th e  regular án d  sem i-reg u la r bodies w ith  no 
d is tin g u ish e d  ro ta tio n  ax is .)  T h e  analogy b e tw e e n  o sc illa to ry  m otion  a n d  th e  
s im p le  tru n c a tio n  sequences is  also sign ifican t. T h o u g h  in  th e  n a tu re  no  b o d y - 
o s c il la tio n  betw een th e  re c ip ro c a l regular solids is k n o w n , th is  o sc illa tio n -co m ­
p a r i s o n  increases th e  re la t io n s h ip  betw een th e  r e g u la r  an d  sem i-regular solids 
a n d  d e m o n s tra te s  th e  c o m m o n  orig in  of th e  s y m m e try  o f them .
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and the four-dimensional regular planar and hyperbolic tessellations
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ПЕРИОДИЧНОСТЬ ЭКСТРЕМ АЛЬНЫХ ГЕОМЕТРИЧЕСКИХ РАСПОЛОЖЕНИЙ 
ПЛОТНЕЙШИЕ УПАКОВКИ, РЕДЧАЙШ ИЕ ПОКРЫТИЯ, 

РАЗБИЕНИЯ)

БЕРЦ И, С .-Н А Д Ь , Д.

Р е з ю м е

Опыт современной дискретной геометрии показывает, что свойство экстремальной 
величины может создать порядок в хаотической системе фигур. Первая часть статьи по­
священа различным ««уровням» периодичности — решётчатости, регулярности и блок- 
регулярности — экстремальных геометрических расположений (упаковок с максимальной . 
плотностью и покрытий с минимальной плотностью). Даётся контрпример на следующую 
гипотезу: плотность любой упаковки на плоскости для бесконечной системы произвольных 
равных выпуклых фигур не превосходит плотности плотнейшей регулярной упаковки, 
построенной из тех же фигур; но, вероятно, это правильно в том случае, если мы рассмат­
риваем плотнейшую блок-регулярную упаковку вместо регулярной.

В т о р а я  часть статьи  о х в а т ы в а е т  и  систем атизирует  сам ы е пр ави л ьн ы е  ф игуры : 
Платоновы и архимедовы т е л а  и  р азб и ен и я . И сходя из п р ав и л ьн ы х  тел  и  разбиени й  и и с ­
пользуя усечение, к ак  си стем ати зи р у ю щ у ю  операцию , П латоновы  и архим едовы  тел а  и 
разбиения располагаю тся в  п ер и о д и ч еск у ю  табли цу. С распространением  усеч ен и я  т а к ж е  
ск о н ст р у и р о в а н ы  многомерные с л у ч а и , напр. табли ца 4 -м ерны х тел  и  3-м ерны х разбиени й .
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GRAVITY AND SUBSTUCTURE IN THE SYSTEM 
OF THE UNIVERSAL CYCLICITY RELATION

G. MÄRFÖLDI

INSTITUTE FOR GEOPHYSICAL RESEARCH OF EÖTVÖS LORÁND, BUDAPEST

The S zAd e c z k y -K a r d o s s  Universal Cyclicity Relation is in excellent com patib ility  
w ith the qu ite  recen tly  developing theory  of th e  quantum -gravity . The cycle param eters; 
space- and tim e-coordinates of the e lem entary  structure  can he derived  as postdeter- 
m ined values from  th e  energy and m otion (rh y th m  param eters) of the su bstruc tu re . Thus, 
the basic d a ta  for determ ining the p aram eters of the substructure are p rov ided  by  the 
cycle param eters (the laws of motion) of th e  elem entary particles, as i t  will he shown 
below.

On th e  basis  o f N e w t o n ’s g ra v ity  e q u a tio n , expressed (1) fo r  a space of 
d e n s ity  Q ,  th e  acce le ra tio n  becom es:

i ^ - k —
dx„dfi

j qdV p

J r0
K c 2

8 n  dx„
QdVnf e e  

J r,
d(Po
drn ( 1 )

P ro v id in g  th e  d ire c tly  m easurab le  len g th  a n d  tim e  m easures in  th e i r  connec­
tio n  w ith  th e  v a lu es  o f tim e  and space c o o rd in a te s ; and se p a ra tin g  th e  expres­
sion (o f G R) in to  i ts  p u re  space and  tim e  co m p o n en ts :

d S * =  1 + fc/c2 f £ ^ 0
J r0

X  (dx f  -|- dx  1 -f- dxf) 1/2

dT  - 1 -  k/c2
J r0 ,

dl =  (1 -  <p0/c2) d l . Thus: 1 ^  .

( 2)

(3)

In  te rm s o f energy , th e  tim e-coord ina te  becom es:

к [ ß Ed V 0dT 1 V  I QE** 
c* J  r0

dl. (4)

As a lim itin g  co n d itio n  for tim e -d ila ta tio n , in  o rd er to  exclude th e  d irec tio n a l 
change:

1 sec

*MIN
=  1 ,21  • 1044. ( 5 )

Acta Geologica Academiae Scientiarum llungaricae 23, 1980



2 0 2 M Ä R F Ö L D I, G.

T h e  g r e a te s t  g rav ity  force (a t  S ch w artsch ild -rad iu s)

T h e  m a x im u m  value o f  th e  re la tiv is tic  change: 

1 8ec _  c[m]_ _  (W O max _  k 2/feI _
*MIN rMIN ( m l r ) m N  I 1/c21

=  | Р м а х 1 = 1 , 2 1 - Ю « . (? )

T h e c o n s ta n t  M G — th e  c o n s ta n t  o f  g rav ity  m e ta p o rp h ism  — can be co n sid e red  
as th e  t h i r d  un iversa l c o n s ta n t  o f  physics, in  a d d itio n  th e  velocity  of l ig h t c a n d  
th e  q u a n tu m  co n stan t h.

T h e  ra is in g  of th e  lim itin g  cond ition  o f  g r a v i ty ,  derived  from  th e  b asic  
re la t io n s h ip s  o f re la tiv ity  th e o ry  to  th e  ra n k  o f  a p o s tu la te  can  be ju s tif ie d  as 
fo llow s.

B y  the introduction of the postulate of limit potential (ФМАх = °2 an<̂
, th e  q u o tie n t o f  th e  h ighest an d  lo w e s t g ra v ity  p o te n tia l m a rk s

o u t, a t  t h e  sam e tim e, th e  la rg e s t  in te rp re ta b le  d y n a m ic  range of th e  ch an g e  o f  
th e  m a ss  o r  sp a tia l rad iu s  o f th e  system :

ФMIN

M q =  Ум ах  

Умш к
=  1,21 • 10« . ( 8 )

T he c o n s ta n t  Ma p rov ides th e  m axim um  v a lu e  o f  th e  dynam ics o f en e rg y  
v a r ia t io n  — de te rm ined  b y  th e  lim its  o f g ra v ity  p o te n tia l  — of th e  in e r t ia  
sy s te m s . T h u s , Ma th e  “ g ra v i ty  m e tam o rp h ism  c o n s ta n t”  provides th e  r e ­
q u ire d  t h i r d  un iversa l c o n s ta n t . T o g e th er w ith  th e  v a lu es  of lim it v e lo c ity  an d  
e n e rg y  q u a n tu m  (c, h, M a), i t  is su itab le  to  c o -o rd in a te  th e  p a ram ete rs  o f  m ass- 
sp a c e - tim e  (in  th e ir  n a tu ra l  in te rn a l  connection) a n d  m akes in te rp re ta b le  th e  
d isc re te -v a lu e d  m inim a o f m ass , space and  tim e  d e te rm in ab le  as well. I t  h as  
b e e n  sh o w n , th a t  Ma =  [ P MAX | an d  P MAX [kg m  s ~2] is of th e  d im ensions 
o f  fo rc e , c an d  h are th o se  o f  [m  s -1 ], resp. [ J s ] .

The Quantum-consequences o f  the Gravity-limit Postulate

T h e  basic  consequence o f  th e  p o stu la te  o f  g r a v i ty  lim it p o ten tia l is t h a t  
an  a c c e le ra te d  system  can  o n ly  f in ite ly  ap p ro ach  th e  lig h t ve locity  (e.g. a p ro ­
to n  u p  to  an  accuracy  o f  a p p r . 10 10 m s -1) d e p e n d in g  on its  s ta tic  g ra v ity
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p o te n tia l  level Ф0. B y  fu r th e r  en erg y  tra n s fe r , th e  system  exceeds th e  ran g e  of 
in te rp re ta b ili ty , i.e. i t  becom es a  b la c k  hole.

‘’max =  C( 1 -  Фо/С2) 1'2 =  <1  -  l /M o ) 1'2 (9)

F o r a p ro to n :

‘’max.p — c(l -  1/3,47 • 10«)

O n th e  basis o f th e  p o s tu la te  o f g ra v ity - lim it p o te n tia l, th e  r e la tiv is tic  ch a rac ­
te ris tic s  are th e  m ass/space rad iu s  q u o tie n t an d  its  lim it va lues

(m /r)max =  =  1,35 • 1 0 » [* * m -4  (Ю)

(m /r)MIN =  ll/c2! =  U l  • IO "17 [kgm-*] (11)

in s te a d  o f  th e  am biguous geom etric  co n cep t o f  th e  “ cu rv a tu re  o f  sp a c e ” . (F ar- 
w ell g eo m etry  — proposed  also b y  W h e e l e r ).

T h e  M a g ra v ity  m e tam o rp h ism  c o n s ta n t also dete rm in es th e  d iscre te  
s tru c tu re  o f space an d  tim e .

T h u s , th e  low est in te rp re ta b le  v a lu e  o f  d is tan ce  (space ra d iu s )  is:

rMIN -
c [m]

W G
=  2 ,47 • 10~3e [m]

1 1 Щ 1'2
2 л  ( с3 I

( 12)

th e  sh o rte s t in te rp re ta b le  tim e  in te rv a l b e ing :

rMiN 1 sec
*MIN M r

=  8,23 ■ 10- 15 [ s ] . (13)

T h e  m ass to  be co n c e n tra ted  on th e  sm a lle s t ra d iu s  — w hich can  b e  considered  
as th e  m ass-q u an tu m  (mg) g ra v ita tio n a lly  ex p an d ed  mmax e =  M gm g: th is  is 
th e  sm allest S chw artsch ild  m ass —

m  n ‘"m in [V 1 he \
2 л T j

[% ]  • (14)

(T his va lu e  agrees fa irly  well w ith  th e  re su lts  o f H ow king an d  N a rlik a r)
T he value o f th e  sm allest in te rp re ta b le  m ass (th e  g rav iton ) is g iv en  b y  E q .

m MIN tn-max e =  2,73 • IO“ 53 [kg] =  mg. 
M q
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So:

a n d

1А|ГЛ 8 л:4
Е мт =  тес2 -  2 ,47 • Ю “ »« [J] =  — ----- w here  в  ~  —

g в  3

h [J]nij ==-------- =  0  т„ =  7,37 -1 0  51 [kg].
/»2

( 15)

T h e  d isc re te  space s t ru c tu re  th u s  defined is in  acco rd an ce  w ith  th e  re q u ire ­
m e n ts  o f  re la tio n  o f in d e te rm in a c y  (mgcgc ^  =  h. a n d  Axp  >  h).

T h u s , we have  a r r iv e d  a t  a consisten t fo rm u la tio n  o f  space s tru c tu re  re ­
q u ire d  b y  th e  general th e o ry  o f  re la tiv ity  w ith  c o n tin u ity  being im posed  on ly  
lip  to  th e  lim its o f in te rp re ta b i l i ty .

The M aterial Parameters o f  Space

I n  th e  general th e o ry  o f  re la tiv ity  th e  co n cep t o f  space  has still p rese rv ed , 
to  a c e r ta in  ex ten t, i ts  K a n t ia n  ch a rac ter (D ing  a n  sich  selbst). T he space 
“ b e n d s ”  as a re su lt o f  th e  g ra v ity  of m a tte r  a n d  th u s  contro ls th e  geodetic  
p a th  o f  th e  m a tte r  (e.g. o f  th e  p h o to n ). M a tte r  effec ts  th e  space and  th e  space 
p ra c tic a l ly  tra n sm ittin g  th e  m a te ria l in fluence — effec ts  th e  m a tte r . O n th e  
b as is  o f  th e  general th e o ry  o f  re la tiv ity  — a n d  b y  in tro d u c in g  th e  g ra v ity  lim it 
p o s tu la te  — space can  re a l ly  b e  considered as a n  a t t r ib u te  o f m a tte r . O ne can  
d e f in e  th e  low est en erg y  lev e l w hich  is th e  m a te r ia l  e q u iv a le n t o f th e  space, an d  
th e  m a te r ia l  p h en o m en a  c a n  b e  described as c e r ta in  g iven  s ta te s  o f en e rg y  of 
th is  b a s ic  energy level o f  th e  m a te r ia l  vacuum  (s im ila rly  in te rp re te d  b y  S. Y. M. 
Clubé an d  P . K. Biswas). T h u s , as ag a in st th e  g eo m etric  in te rp re ta tio n  o f 
r e la t iv i ty  th eo ry , w here  th e  geodetic  line “ b e n d s”  in  th e  v ic in ity  of th e  Sun, 
th e  re la tiv is tic  re fra c tio n  o f  l ig h t can  be in te rp re te d  b y  assum ing th a t ,  as a 
r e s u l t  o f  th e  tra n sfe r  o f  g ra v ita tio n a l energy  o f  th e  Sun, th e  d en sity  o f th e  
v a c u u m  energy increases in  th e  v ic in ity  o f th e  S un . T h u s , th e  velocity  o f  lig h t 
d ec reases  as a fu n c tio n  o f  d e n s ity , and th e  g ra v ita t io n a l  re frac tio n  o f  lig h t 
c a n  b e  a t tr ib u te d  to  th e  c h a n g e  of ligh t v e lo c ity  d u e  to  th e  change o f energy  
d e n s ity  as a fu nc tion  o f  g r a v i ty  p o ten tia l, i.e. to  a “ co n tin u o u s”  change o f th e  
“ re f ra c tiv e  index” .

S im ilarly , th e  sp ec ia l re la t iv i ty  and th e  Lorentz tran sfo rm a tio n  itse lf  
a re  c o rre c t as fa r as th e se  a re  based  on th e  g en e ra l re la tiv ity . The re la tiv is tic  
tra n s fo rm a tio n s  h av e  to  b e  in te rp re te d , b ased  on th e  re la tiv e  energy densities 
o f  th e  (near to  lig h t-v e lo c ity )  accelerated  m a te r ia l  system s, re la te d  to  th e  
m in im u m  energy-level o f  th e  vacuum .

O n th e  basis o f th e  g ra v ita tio n a l lim it p o s tu la te , and  b y  m eans o f th e  
f in e -s tru c tu re  co n s tan t, th e  m a te r ia l p a ram e te rs  o f  th e  v acu u m  can  be o b ta in -
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ed. In  possession o f  th e  p a ra m e te rs  of su b s tru c tu re , th e  m a te r ia l d en sity  o f 
v acu u m  can be  d e te rm in e d  as

m MIN M ç

4 я /3  |c 3 | [m*1
3 [kg]

4 я  |с 4 |1т ’]
=  2 ,59 • 1 0 -» [ fc g m -8] . (16)

So th e  m ass o f  th e  v a c u u m  in  a sphere w ith  r  =  |c | =  3 • 108 [m] is: 

=  3,33 • 10-» [kg].
T he above re su lt c a n  be  p ro v ed  as follows.

T he c o n s ta n t x  d e te rm in e d  in  Einstein’s g ra v ity  e q u a tio n  is

l [ * g ]
|c|

So:

i.e. :

* =  M =: l , 86 . 10-»e[|fcg - l m ] .  (17)
c2

|fc/c*| =  7 , 4 -  10-28 =  I ç>M1N \ =  I х /8 я  | (18)

X 1

8 л  c2 M 0

——  =  8,23 • 1 0 -«  [kg -1 m 3 s“ 2] . (19)
8 я с 2

K now ing  of th e  s tru c tu re  o f  v acu u m  its  m o tio n  p h en o m en a  can  also be exam ­
in ed  if  i t  is considered  as an  idea l gas.

E xpressing  th e  f in e -s tru c tu re  c o n s tan t as th e  ra tio  o f  th e  en e rg y  th resh o ld  
v a lu es :

7 4 2  . I O - 3*
I £ ,/2 /3  кв I =  —  ’ -----------=  8 ,09 • 10- 13 (20)

1 P 2/3 • 1,38 • 10- 23

th e  average  energy  c o n te n t o f a u n it  volum e o f v a c u u m  becom es, in  te rm s  o f  th e  
f in e -s tru c tu re  c o n s ta n t :1

E v, к = ô =
2,95 • 10~3S • 1,24 • 1012 

1,38 • 10- 23

m v , k  =  Q i -  l " t 3 -

1,027 =  2,7 [K °] (21 )

T he v acuum , considered  as energy  ra d ia te d  b y  th e  b lack  b o d y  (in  good agree­
m e n t w ith  th e  re su lts  o f  S. V. M. Clubé) is

4

- V Itlg/Ô • O f  • 1/ty  • c2

a
9,86 ■ IQ- 41 • 3,57 • 1017 ■ 9 • 10lg \4* 

5,61 • 10- 8
=  2,7 [K ° ] .

(22)
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T h u s , t h e  fin e -s tru c tu re  c o n s ta n t  c an  also be in te rp re te d  as th e  re la tiv is tic  
( g r a v i ty  expansion) q u o tie n t o f  th e  su b s tru c tu ra l m o tio n . T h e  en e rg y  o f ra d ia ­
t io n  co rre sp o n d s  to  th e  level o f  P ensias— Wilson’s b a c k g ro u n d  ra d ia tio n  w hich 
h as  b e e n  in te rp re ted  so fa r  — q u a n tita tiv e ly  — as an  e lec tro n  ra d ia tio n  
“ co o led  d o w n ” , resp. in f ra s h if te d  follow ing th e  “ B ig -B an g ” .

T h e  w avelength  o f  th e  ra d ia t io n  o f th e  v a c u u m  itse lf  — as a b lack  
b o d y  — is:

hô3
mg<ifC

6 ,6 3  • IQ- 34 • 1,0273 
3 ,3  • 1 0 - 41 • 3 • 108

=  7,3 • IO“2 [m ]. (23)

T h is  is  in  good agreem ent w ith  th e  m easured  w av e le n g th  o f  b a c k g ro u n d  ra d ia ­
t io n , v e r ify in g  the  values c o n c e rn in g  th e  s tru c tu re  o f  v acu u m  deriv ed  on  th e  
b as is  o f  th e  g rav ity  e x p a n s io n  th eo ry .

Space and T im e-lim ita tons o f  the Electromagnetic Energy, the Critérium  
o f Overdeterminacy.

T h e  g ra v ity  p o te n tia l w h ic h  can  be a t t r ib u te d  to  th e  p h o to n  o f  a m ass- 
v o lu m e  q u o tie n t m fr ^ =  11/c2 1 =  1,11  • 1 0 ~ 17 d e te rm in ed  th e  low est know n 
p o te n t ia l  level:

<pf  =  1 fc/c2 1 [m 2s—2] =  7,4 • 1 0 - 28 [mr s~ 2] . (24)

E le m e n ta r y  particles r e p re s e n t  h ig h er g ra v ita tio n a l p o te n tia ls ; th e  g ra v ity  
p o te n t ia l  o f  an  electron  is 2 7 -tim e s , th a t  o f a p ro to n , 105-tim es h igher.

T h u s , th e  g rav ity  p o te n t ia l  w hich  can be a t t r ib u te d  to  th e  p h o to n  d e te r ­
m in e s  th e  m inim um  level:

, V h
к --------

rf  c2

rf  =  M  h[m] =  v0rMIN. (25)

Einstein — having rea lized  th e  u n ifo rm  n a tu re  o f  th e  co m p le te  e le c tro m a g n e t­
ic  w a v e  spec tru m  — c o n n e c te d  h is  energy e q u a tio n  to  P la n c k ’s en e rg y -q u a n ­
tu m  e q u a tio n  (worked o u t in  th e  course of ex am in in g  th e  r a d ia tio n  o f b lack  
b o d ie s ) . T h is equation  d e te rm in e s  th e  en e rg y -co n ten t o f an  e lec tro m ag n etic  
w a v e  o f  frequency  v and  th r o u g h  th is , th e  m ass e q u iv a le n t o f  th e  p h o to n  (as 
th e  m a ss  equ ivalen t o f th e  e n e rg y  o f th e  lig h t w ave) as m^ =  v • h/c2.

P l a n c k ’s q u an tu m  c o n s ta n t  has been ra ised  to  th e  ra n k  o f  a u n iv e rsa l 
c o n s ta n t  b y  H eisenberg’s p r in c ip le  of in d e te rm in a c y  w hich  — in  a d d itio n  to  
th e  n u m e ric a l value o f l ig h t v e lo c ity  — is th e  o th e r  basic  p o in t o f  th e  system  
o f  p h y s ic a l  laws.

Ç5/  — T’m in
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T he low est m ass eq u iv a len t b e long ing  to  a single period (PbANCK-mass):

m ,M ,N  =  h U ] l< ?  =  7,37 • 10-«fcg (26)

as th e  low est p h o to n  m ass eq u iv a len t, c a n  b e  localized , acco rd ing  to  H eisen­
b e rg ’s p rin c ip le  o f  in d e te rm in acy , • c • ЯМАХ c*t h) up  to  a n  accu racy
of ЯМАХ I c |im  ̂ on ly . I n  each period  o f  th e  e lec trom agnetic  w a v e  o f  fre ­
q u en cy  V th e  m.j =  IV | myM1N m ass e q u iv a le n t (pho ton) can b e  co n sid e red  as 
rea lized  on  th e  space  rad iu s  o f i y =  |v | • |/ i [m]|. I ts  place can o n ly  b e  m ark ed  
o u t w ith in  th e  lim it o f in d e te rm in acy  Л =  c/v t h a t  is w ith in  a  w av e len g th . 
A c o n s ta n t g ra v ity  p o te n tia l, in d e p e n d e n t o f  freq u en cy , can  be  a t t r ib u te d  to  
th e  m ass e q u iv a le n t o f  th e  p h o to n  (i.e. i ts  v e lo c ity  o f p rop ag a tio n  is freq u en cy - 
in d e p e n d e n t)

<pf  =  к T̂L  =  к  - m/M1N
Tf  Vr/M1N

к
[m 2s *] =  <pr =  9>min . (27)

T h e  u p p e r  lim it o f freq u en cy  of th e  e le c tro m a g n e tic  w ave is:

l ^ l vMAX ^MIN
r f  MAX —

I n 2 n

r MAX =
I C l 1/*------ —  =  2,69 • H P  [s-1] .

2 n h M )  1
(28)

T h is co n d itio n  can  be defined  as a “ c r ite r io n  o f  o v erd e te rm in acy ” . A t th e  c r iti­
cal w av e len g th , e lec tro n -p o sitro n  p a irs  c a n  b e  derived.

mel — \ M - m To! = r MIN (29)

T he rnymj„ =  7,37 • 1 0 -51 [feg] m ass co rre sp o n d in g  to  energy q u a n tu m , ac­
co rd ing  to  th e  re la tio n  o f in d e te rm in acy , c a n  be delim ited  w ith in  a  w ave­
le n g th  o f  Ятах =  3 • 108 [m ], while fo r in c re a s in g  frequencies w ith in  w ave­
leng ths

Я =  c/v

T he space  ra d iu s  co rrespond ing  to  th e  p h o to n  lin ea rly  increases w ith  th e  fre ­
q u en cy  ( t j  =  V  ■ |Л Р ] |) ,  as i t  was show n:
W h en  th e  space rad iu s  co rresponding  to  th e  p h o to n  reaches th e  h a l f  w ave­
len g th  (th is  h ap p en s  ju s t  around  th e  n u m e ric a l v a lu e  o f the  f in e -s tru c tu re  con­
s ta n t  (oy), th e  p h o to n  so to  say  gets closed in to  th e  “ space p rison”  d e te rm in e d  
b y  th e  w av e len g th , th u s  its  tra n s la tio n a l m o tio n  w ith  ligh t v e lo c ity  stops. 
T h u s, we h av e  a rr iv ed  a t  th e  concept o f th e  e lec tro m ag n etic  lim itin g  freq u en cy  
defined  b y  th e  c rite rio n  o f ov erd e te rm in acy . T h e  m ass equ ivalen t o f  th e  p h o to n
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b e lo n g in g  to  th a t  freq u en cy  sh o u ld  be in te rp re te d  as rep resen ting  th e  en e rg y - 
lev e l o f  e lec tro n -p o sitro n  p a ir  genera tion , th u s , a t  th e  critical w av e len g th , th e  
g e n e ra tio n  o f  “ s ta tio n a ry ”  m a tte r .  T hus, s ta t io n a ry  m a tte r  appears as sp ace- 
tim e  lo ca lized  ro ta tin g  ( tu rb u le n t)  m ovem en t o f  th e  su b stru c tu re . ( In  a n t i ­
m a t te r  th is  ro ta tio n  o f th e  s u b s tru c tu re  is c o m p le m e n ta ry  p h ase-sh ifted  — so 
“ D ira c  see”  appears in  sp ace -tim e).

Gravity as a Quantified Wave-phenomenon

W h e n  exam in ing  th e  g ra v ity  effect, w e sh o u ld  s ta r t  from  th e  c o n d itio n  
t h a t  g r a v i ty  energy  — like  e lec tro m ag n etic  e n e rg y  b y  m eans of p h o to n s — is a 
m ean s o f  tran sm iss io n  o f th e  “ s ta tio n a ry  m a t te r ” . A s a resu lt of th e  r a d ia t io n  
o f  g r a v i ty  energy , th e  s ta t io n a ry  m ass o f th e  b o d ie s  decreases. (R ef. 2) A n y  
m ass “ l i f te d ”  b y  effecting  w o rk  in  a g ra v ity  p o te n t ia l  field increases (M öss- 
BAUER e ffec t), th a t  o f a free  fa lling  body  d ec reases . T h is phenom enon  c a n  be 
a c c o u n te d  fo r b y  th e  ex ch an g e  o f  g rav ity  m ass  q u a n ta  — sim ila rly  to  th e  
e x c h a n g e  o f  th e  e lec tro m ag n e tic  q u a n ta  o f a c tio n .

I t  sh o u ld  be ta k e n  in to  co nsidera tion  t h a t  th e  g rav ity  effect is s till fu lly  
e x e r te d  ev e n  w hen th e  e lec tro m ag n etic  effect is h a rd ly  or no t a t all (n e u tro n  
s ta rs , b la c k  holes; Ф —► c2). T h e  concep t o f th e  g r a v i ty  t r a p  rules o u t in  a d v a n c e  
t h a t  i t  sh o u ld  have  on ly  a n  e ffec t on itself, th e re fo re , i t  is reasonable to  assu m e 
th a t  th e  v e lo c ity  o f p ro p a g a tio n  o f g rav ity  a c tio n  is h igher th a n  th a t  o f  th e  
lig h t.

T h e  g ra v ity  m ass q u a n tu m  — due to  i ts  n a tu r e  — can escape fro m  th e  
so -ca lled  g ra v ity  graves w h ich  b ehave like t r a p s  fo r  th e  ligh t q u a n tu m . T h e  
a s s u m p tio n  o f th e  ex is ten ce  o f partic les w ith  h ig h e r velocity  th a n  lig h t 
h a v e  b e e n  p roved  to  be co m p a tib le  w ith  th e  g e n e ra l th eo ry  of r e la t iv i ty  in  
F e i n b e r g ’s th eo re tica l co n sid e ra tio n s  a b o u t ta c h io n s  (since th e  g ra v ity  m ass 
q u a n tu m , th e  “ g ra v ito n ” , is a  p a rtic le  w ith o u t e lec tric  charge, i t  c a n n o t be 
in d ic a te d  b y  th e  Ch e r e n k o v  rad ia tio n ).

T h e  v e loc ity  o f p ro p a g a tio n  o f g rav ity  a c t io n  in  vacuum  can  be d e fin e d  
as h a v in g  a value h igher th a n  lig h t ve locity  (cg > c ) ;  in  a m edium  o f e >  Qi 
d e n s ity  i ts  ve locity  decreases an d  approaches l ig h t  velocity .

D u e  to  th e  in te ra c tio n  be tw een  th e  e le c tro m a g n e tic  and  g ra v ity  e n e rg y  
as w ell as to  th e  co n se rv a tio n  o f  m om entum , th e  sm a lle s t im pulses are th e  sam e :

P m ve, =  П и  Ng =  h/e =  2,22  • 1 0 -«® [kg m s-® ]. (30)

T h u s , th e  velo c ity  o f p ro p a g a tio n  of g ra v ity  as w ell as th e  m ax im u m  w a v e ­
le n g th  in  v acu u m  are a b o u t 260-tim es g re a te r  t h a n  th a t  of th e  lig h t:

mf
cJ e  =  —L

(&Ш/с®) ^ 2 6 0  =  — , AgMAX^ 7 , 9 -  10“  [ m ] .  (31)
3m 0 ~ 2,73 • 10 - 53
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O n th e  basis o f th e  o v e rd e te rm in ac y  c rite rio n  ap p lied  to  th e  lo n g itu d in a l p ro p a ­
g a tio n , ex ac tly  th e  p ro to n  m ass is rea lized  on  th e  p ro to n  ra d iu s  a t  th e  lim iting  
fre q u e n c y . F rom  th e  rh y th m  s tr ip  o f  th e  g ra v ity , th e  energy  p asses  o v er to  the  
“ s ta t ic ”  m ass-strip  (D),  in  w hich  th e  ro ta t io n a l  cyclic m o tion  o f  th e  su b s tru c ­
tu re  p rov ides th e  d e te rm in e d  v alue  o f  m ass an d  rad ius o f  th e  e lem en ta ry  
s tru c tu re  (pro ton)

r MAX ^  6  • 1025, лгм ш “г
VMAX

7,9 • 1010__________  ^  r
6 - 1025

(32)

T h u s , th e  lim it w av e len g th  g en e ra ted  b y  th e  m a tte r-e n e rg y  c o n c e n tra te d  on 
th e  Schw artzsch ie ld  ra d iu s , th a t  is , on  th e  m ax im u m  g ra v ity  p o te n tia l  (c2), 
g en e ra te s  p ro to n  m ass on  th e  p ro to n  ra d iu s . I t  gives a causal a n d  q u a n ti ta t iv e  
e x p la n a tio n  (as in d ic a te d  b y  A m b a r t z u m ia n  an d  Z e l d o v ic h ) o f  th e  positive  
en e rg y  s ta te  of th e  m a tte r .  O n th e  basis  o f  th e  fac ts  above, th e  cy c le  p a ra m ­
e te rs  o f  th e  su b s tru c tu re  v e rify  o rig o -p a ram eters  as well as th e  d y n a m ic  range 
o f  space  and  tim e-co o rd in a te s  o f  th e  SzÁd e c z k y -K a r d o s s  cycle  d ia g ra m .

С И Л А  Т Я Ж Е С Т И  И С У Б С Т Р У К Т У Р А  В С И С Т Е М Е  У Н И В Е Р С А Л Ь Н О Г О  ЗА К О Н А
Ц И К Л И Ч Н О С Т И

Г. М А РФ ЕЬЬДИ 

Р е з ю м е

У н и в ер сал ьн ы й  за к о н  ци кли чности , пр едл о ж ен н ы й  Э. С ад ец к и -К ар д о ш ш о м , со вер ­
ш енно совместим с  теорией  си л ы  т я ж е ст и  кв ан то в , развиваем ой у чены м и  в  последнее 
врем я . П арам етры  ци кл о в , то  есть  пространственно-врем енны е координ аты  элем ентарной  
с тр у к т у р ы  м огут, в  конечном  счете, р ассм атр и в аться  к а к  величины, оп р едел ен н ы е  допол­
н и тельно  (впоследствии) и сх о д я  и з энергии  и д в и ж ен и я  (парам етры  ритм ов) су б стр у к ту р ы  
Т ак и м  образом , основны ми данны м и д л я  определения парам етров с у б с т р у к т у р ы  с л у ж а т  
п арам етры  циклов (законы  д в и ж е н и я ) элем ентарны х частиц , к а к  это будет  п о к а за н о  ниж е.
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ADDITIONAL BRIDGES IN THE UNIVERSAL 
CYCLICITY RELATION

By

B. Gulyás

SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST

In  th e  tim e-space diagram  of th e  U niversal Cyclicity R elation bridges representing 
constant density  and  m ass can also he established. These bridges can be described by  the 
relationships t  =  m r2/ft =  рг*/й. Taking into account two typical density  values in the 
Universe (opr0tom Patom) tw o fairly  in terp re tab le  bridges are obtained  w hich comprise 
th e  time-space relationships of processes proceeding p a rtly  in  th e  atom ic (molecular) 
o rb it, partly  in th e  atom ic nucleus orbit.

Seme bridges characterizing single reactions also exist in  add ition  to  the strips 
А, В, C and  po in t D  w hich represent th e  cyclic and  rhy thm ic m otions in  th e  diagram  of 
th e  Universal Cyclicity R elation  [1]. These possess an  exact m athem atica l form  and a 
physical m eaning as well.

These bridges p lay  an im portan t role in th e  in terp re ta tion  of some relations of the 
cyclicity law.

I

F irs t of all, b e tw een  th e  low er poles of s tr ip s  В  an d  C th e re  is a  “ b rid g e” . 
T he space p a ra m e te r  o f  th is  b rid g e  ex ten d s  fro m  severa l A n g s tro m  u n its  to  
severa l h u n d red  A n g stro m  u n its , w hile its  tim e  p a ra m e te rs  e x te n d  fro m  1 0 “ 13 
seconds to  severa l seconds.

T he angle o f  in c lin a tio n  o f  th is  b ridge to  th e  abscissa  is a b o u t 11 to  13°.
T he bridge in  q u e s tio n  com prises th e  space-tim e  p a ra m e te rs  o f  m olecu lar 

— m acrom olecu lar, chem ical — biochem ical — biological re a c tio n s .
I t  includes in tra -  an d  in te rm o lecu la r p h en o m en a , e .g . co n fo rm a tio n a l 

changes, p ro to n  an d  e lec tro n  tra n s fe r , fo rm a tio n  o f  bo n d s, fo rm a tio n  o f H - 
b ridges, hyd ro p h ile  an d  h y d ro p h o b  in te ra c tio n s , th e  e n z y m -su b s tra tu m  an d  
a n tig e n -a n tib o d y  re a c tio n s , th e  nuclein -acid  an d  p ro te in  sy n th e s is , th e  fo rm a­
tio n  o f  p a tte rn s  on  th e  cell su rface , e tc . (Fig. 1)

I n  favour to  interpret the tim e-space data  m entioned above a n  attem pt 
was m ade to apply an equation calculated from the ScHRÖDiNGER-equation 
describing the spatial spreading o f a substance package:

3
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F ig. 1. Some points of the tran s itio n a l bridge between strip s В and  C of the U niversal Cyclicity
R ela tio n . Legend see in  T able  I

where t is the typical time parameter of the system , r is the typical space param­
eter, m denotes the mass, q is the density, f t  — h/In — 1.054 • 10 -27 g cm2 
sec -1 , where h is the PLANCK-constant.

(Different forms o f th e  relation above are well known in physics. In its 
original form

t'
4 ft

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 P lanck, the principle of mass-energy equiv­
alence o f E instein:

E — me2 =  hv (3)

th e velocity  of electron around the nucleus

V —  h / m r (4)

the im pulse moment of th e electron

r rr iv  =  k h (5)

Уз m
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Table I

Typical (calculated and measured space and time parameters o f  phenomena belonging to the Iran- 
! sitional bridge between the strips В  and C[see references: 3, 4, 5, 6 ,7 ,8 ]

Number
Phenomenon Space Parameter 

in A unite
^measured toaloulated

Fig.l. in seconds

1 H -atom 1 1.06 — i o - 13 1.78 • 1 0 -13
2 HjO H O “ +  H + ^ 2 7.71 • 10“ 12 1.14 • 1 0 - 11
4 H-bridge formation 2 .7 -3 .4 Ю - n —ю -s 10-11—10-8

5 Ionic interaction2 - 2 - 5 Ю - i t —10-® OO l—
< 

О к j CO H-* О 1 о

7 H ydrophobic interaction > 4 10-« > 3  • 10-1°
H 2S 0 4 HSO7 +  H + —4 i o - 11 2.48 • 10-1°

3 N H 4OH ^ = ±  N H Í - f  O H - —4 3.3 • 1 0 -“ 8.88 • Ю -ч
CH3CH2OH ^=z±3 — 5 2.2 • 10“ n 1.82 • 10-1°

6 malein acid -f- O H -  -  v - 8 3.3 • 10 —8 1.17 • 1 0 -9

Adenin -f- O H “ —— — 7 Ю -io 1.05 • 10-1°
ATP • H +  O H “ —15 8.3 • 10“ 10 1.86 • 10-«

8 Polypeptide conformational 
change (naminoacidfe =  M®)

—30 l O - ’ - l O “ 3 6 • i o - 7

9

10

Polynucleotide conformational 
change (n nucleotides “  100)

E nzym -substrate4 and 
A ntigen-Antibody reactions: 

complex form ation: 
complex dissociation:

- 5 0

- 2 5 - 2 5 0

10“«

1 0 - 8 - 1 0 - ’
10-«

10-«

Catalase (H 20 2) 30 ( f )  6.6 • 10-* 
(d) 1.7 • IO“7

6 • i o - 7

/J-Amylase (Amylose) 40 ( f )  1.7 • 10 -« 
(d) 9.1 • 10 -’

2 • 10-«

Acetylcholinesterase (Ach) 50 ( f )  10-»
(d) 1.1 • 10-«

8 • 10-«

Hexokinase (Mg-ATP) 80 ( f )  2.5 • 1 0 -’ 
(d) 1.6 • 10 - 3

8 • IO“4

11 JJJNA, KJNA synthesis several
hundred

10 “«/nucleotide —

12 Protein-synthesis several
hundred

10_2/aininoacid —

13 the sm allest living cells (PPLO 
elem entary body)6

1000 ?
(several ten  to 

hundred)

100

Rem arks: 1 Based on the classical formula v  =  li/m r (4) the time of revolution of the 
electron around the nucleus is 1.27 • IO“ 13 sec in th e  H -atom . Otherwise, according to  different 
measurem ents the ionization tim e of the electron 10“ 13 sec. 3 t ca|cu|ated derives from  th e  for-

m ula t  =  Q - g -  taking the molecular density. Similar is th e  value of the previous an d  in  some

of the subsequent cases. 3 In  the following the reaction is n o t indicated. 1 A pproxim ate space 
param eters. Substrate is in brackets, (f) =  complex form ation, (d) =  complex dissociation. 
5 Measured i* approxim ate value (due to the special cell cycle).

Acta Geologica Academiae Scientiarum Hungaricac 23, 1980



2 1 4 GULYÄS, В.

th e  Co m p t o n  w aveleng th  o f  th e  e lectron

mt c

th e  D e  B r o g l ie  w av e len g th

A =  — .mv

T h e u n c e r ta in ty  re la tio n  o f  H e is e n b e r g  is a lso  in  connection  w ith  th e  above- 
p re s e n te d  re la tio n .

Ax Av ^  h/m

A E A t ^ h  (8 )

o r A p A x ^ > h ,  e tc .

U sin g  e q u a tio n  (1) to  ca lcu la te  th e  ty p ic a l  tim e  d a ta  of th e  m e n tio n e d  
p h e n o m e n a  an d  rep lac in g  th e  know n space , d e n s ity  or m ass p a ra m e te rs  th e  
o b ta in e d  tim e  p a ra m e te rs  w ill be  close to  th e  ty p ic a l m easured  t im e  d a ta .

T o  acco u n t fo r th e  l in e a r  co rre la tio n  b e tw e e n  th e  tim e  an d  sp a c e  d a ta  
w ith in  th e  double lo g a rith m ic  coo rd ina te  sy s te m , th e  d en sity  v a lu e s  o f  th e  
s y s te m s  (phenom ena) f i t t in g  in to  th is  b rid g e  w ill be in v estig a ted .

T h e  d en sity -v a lu es  o f  th e  in v es tig a ted  sy s te m s  rem ain  w ith in  o n e  o rd e r 
o f  m a g n itu d e  (10°—101g /cm 3). This d e n s ity -v a lu e  is n o t only  th a t  o f  th e  ch em i­
ca l-b iochem ica l-b io log ica l sy stem s in  re s tr ic te d  sense, its  significance is m ore 
g e n e ra l: th is  is one o f  th e  ty p ic a l  density -v a lu es  o ccu rrin g  in  th e  U n iverse  [9 — 15].

(7)

(6 )

Table II

Density-values o f chemical-biochemical systems

Density of H ydrogen-atom 1 2.70 - A —  
cm3

Density of H jO  molecule 11.91 cm*

Density of an am inoacid (glycin) 13.16 - Ц  
cm3

Density of a p ro tein  (hum an serum album in)2 1.79 —■■= 
cm3

Average density  o f living systems
cr

density  o f w ater =  1.00 — „
cm3

m H _  1.672 - 10 -“  g 

V" ~  43Л (0.53 A)3

2 Tertier structure.

2.70 g
cur*
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B y  in tro d u c in g  the  ty p ic a l d e n s ity -v a lu e  (1 g/cm 3 =  gwater) in  eq u a tio n
(1) an  a d d itio n a l b rid g e  in  th e  d iag ram  o f  th e  cyclic ity  re la tio n  w ill b e  o b ta in ed . 
T he ang le  o f  th is  (an d  o th e r  sim ilar) a d d itio n a l b ridges to  th e  ab sc issa  is 11° 19' .

T h is  a n d  o th e r  sim ilar b ridges m a y  be  called  isodensa b e c a u se  th e y  do 
co rresp o n d  to  g iven  density -v a lu es  (F ig . 2).

T h e  iso d en sa  in te rsec ts  th e  s tr ip s  В  a n d  C. T heir in te rse c tio n s  correspond 
to  th e  lo w er poles o f  these  s tr ip s  a n d  re p re se n t sign ifican t p h y s ic a l p o in ts : the  
p o in t o f  in te rse c tio n  o f s tr ip  В  w ith  th e  isodensa  m arks th e  t im e  and  space 
d a ta  o f  th e  h y d ro g en -a to m  (1 Â , 1 0 ~ 13 sec.).

T h e  in te rse c tio n  o f s tr ip  C a n d  o f  th e  isodensa m arks th e  tim e  a n d  space 
d a ta  o f  th e  sm alle st liv ing  cells ( th e  e le m e n ta ry  body  o f th e  P le u ro -P n e u m o - 
n ia —L ike-O rgan ism , i.e. P P L O  is k n o w n  as th e  sm allest liv in g  ce ll). I t s  d iam ­
e te r  is a b o u t 1 0 _s cm , th e  cyc le -tim e  re la te d  to  th is c e ll-d ia m e te r  is abou t 
10 to  100 sec. T he d iam ete r o f  th e  th e o ric a lly  sm allest cell is 5 • 1 0 -6  cm 
(Mo r o w it z , [16].) T he d iam eters  o f  o th e r  sm allest b a c te ria  (e .g . M icrococcae, 
R ic k e tts ia e , e tc .) a re  also close to  th e se  space d a ta .
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T h e  sec tion  o f th e  iso d en sa  com prehended  b e tw e e n  th e  low er poles o f  
s tr ip s  В  an d  C is id e n tic a l w ith  th e  bridge m e n tio n e d  ab o v e  con ta in ing  th e  tim e  
a n d  sp ace  d a ta  o f th e  p h e n o m e n a  proceeding  in  th e  o rb its  o f a tom s or m ole­
cule's.

A bo v e  th e  p o in t o f  th e  “ m inim al cell”  th e  iso d e n sa  has n o t been in te r ­
p re te d , y e t. W ith in  a se c tio n  below  th e  in te rsec tio n  o f  th e  s trip  В  and  o f th e  
iso d e n sa  (i.e. h y d ro g e n -a to m ), how ever, th e  b rid g e  seem s to  be in te rp re ta b le .

I n  th e  course o f  e x c itin g  th e  atom s th e  m a x im a l tim e  values o f en erg y  
a b s o rp tio n  v a ry  b e tw een  1 0 -18  an d  1 0 -20 sec. A s sp ace  p a ram e te rs  th o se  o f  
q u a n tu m  ju m p s, i.e . th e  d ifferences of th e  in d iv id u a l e lec tro n  o rb its  c an  be  
assig n ed  to  these. T hese  v a lu e s  are  o f ab o u t 1 0 -9  cm . R ep lacing  th e  k n o w n  
d e n s ity  a n d  d istance  p a ra m e te rs  in to  eq u a tio n  ( 1 ) th e  ex c ita tio n  (a b so rp tio n ) 
tim e  v a lu e s  know n also fro m  ex p erim en ts  w ill be  o b ta in e d . E .g . in  case o f th e  
h y d ro g e n -a to m  [17, 18, 19, 2 0 ]:

qh  • (10  9 cm )5

h ~
10  18 s e c . (9 )

T h e  tim e  v alue  d e te rm in e d  b y  th e  w a te r iso d e n sa  a n d  b y  the  s tr ip  A,  resp . 
b y  th e ir  in te rsec tio n  c o rre sp o n d s  to  th e  c h a ra c te r is tic  tim e  (reac tion  tim e) o f  
th e  e lec tro m ag n e tic  in te ra c tio n s  [2 1 ].

II

I n  ad d itio n  to  th e  d e n s ity -v a lu e  dea lt w ith  a b o v e , th e  o ther ty p ic a l d e n ­
s ity -v a lu e  rea lized  in  th e  U n iv e rse  is th e  d e n s ity  o f  p ro to n  (7.8 • 1014 g /cm 3). 
T h e  n e u tro n s  and  a to m ic  n u c le i (g > 3  • 1014 g /cm 3) as well as th e  n e u tro n  
s ta rs  (p >  Ю14 g /cm 3) a re  o f  s im ila r d ensity  [2 2 ],

T h u s , th e  d en s ity -v a lu es  1 to  10 g/cm 3 re sp . 7.8  • 1014 g/cm 3 are o f special 
s ig n ifican ce  in  th e  U n iv erse . (T h e  average d ensity  o f  th e  U niverse decreases in  
h a rm o n y  w ith  th e  e x p a n s io n , th e  d en sity  of y o u n g  s ta r s  can  be considered on ly  
to  b e  a  tra n s itio n a l s ta te  w h ile  th e  d ensity  o f  th e  in te r s te l la r  space can n o t be  
e v a lu a te d .)  The d e n s ity -v a lu e  o f  ab o u t g =  1 g /cm 3 is t h a t  o f  atom s an d  o f m a jo r 
p a r t  o f  s ta rs , w hile th e  p ro to n  d ensity -va lue  o f  a b o u t  1 0 15 g /cm 3 is th a t  o f  a to m ­
ic  n u c le i an d  a stro n o m ic  o b je c ts  and  th is  can  be  re g a rd e d  as th e  f in a l s ta te  
th e  s te l la r  evolu tion .

A  b rid g e  c h a ra c te r iz e d  b y  th e  g — gproton ~  Ю 15 g /cm 3 d en sity  can  also 
be  p lo t te d  in  th e  d iag ram . (T he  isodensa ta k e n  w ith  th e  d ensity -va lues o f w a te r , 
re sp . p ro to n  m ay  he ca lled  w a te r ,  resp . p ro to n  iso d en sa ) (F ig . 3).

T h e  in te rsec tio n  o f  s t r ip  A  w ith  th e  p ro to n  iso d e n sa  produces th e  space 
a n d  t im e  p a ram e te rs  o f  p ro to n  (10  ~ 13 cm , resp . 1 0 _23 sec).
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Table III

Typical density-values in  physics, planetology and astronomy

D ensity of th e  atoms: 2.7 ^ ,  (H ) — 26.52 ^ _ (U)cm3 '  cm3

Atomic density  of the elements: 0.07 — ( H,  —253 °K) — 22.5 — (Os)
cm3 '  cm3

Average density of the Earth-surface: 2.0 —2.8 ?-
cm3

ar

Average density of the E arth : 5.52 —=-r-
cm J

D ensity of the Planets: 0.7 ^ _ (Saturn) — 5.52 — — (Earth)
cm3 cm3

D ensity of the Sun: 1.41 6 -
cm3

D ensity of th e  Stars:
g g

main sequence stars (V) of the H ertzsprung-R ussel diagram: 0 01 (05) ~  2-82_^ 3 (M 0) 
g g

(The young forms: giants, sub-, bright- and supergiants’ densities are: 10-2 3 —10~7 —

the white dwarfs are extremely dense objects Pdwarfs > 1 0 6 ® 3 ; the neutron s tars see la ter !)

T ho u g h  o n ly  a few d a ta  w ere av a ila b le  i t  seem s so th a t  th e  ( in itia l)  sec­
tio n  o f  th e  p ro to n  isodensa n e a r th e  s tr ip  A  is o f sim ilar im p o r ta n c e  as th e  
in itia l sec tio n , re sp . th a t  fa lling  b e tw e e n  th e  (A  — В ) and  (В  — C) s tr ip s  of 
th e  w a te r  isodensa . N am ely , th e  space  a n d  tim e  p a ram ete rs  o f n u c le a r  reac tio n s  
fa ll to  th e  o rd e rs  o f  m ag n itu d e  o f 10 _13 cm , resp . 10 ~23 to  10 _21 sec. T h e  p ro m p t 
decom p o sitio n  reac tio n s  o f nuclei p ro ceed  d u rin g  10 _22 to  10 “21 sec . (T he e q u a ­
tio n

t =  RJv (10)

can  be ap p lied  to  th e se  processes w h ere  t is th e  d u ra tio n  o f th e  p ro cess , R  =  
=  H nuc|eus, an d  V — «part. ~  ^.1 c). N u c le i ex c ited  b y  re la tiv e ly  less energy  
(< 0 .6 5  MeV) g e t a n  exc ited  s ta te  (b o u n d  s ta te )  o f  longer d u ra tio n . T h ese  p ro ­
cesses w ill n o t  he  d e a lt w ith  here  [23, 24].

T he space an d  tim e  p a ra m e te rs  o f  th e  so-called e lem en ta ry  resonances 
fa ll to  th e  ran g e  o f  10 _ 13 cm , resp . 10 ~ 23 sec. T he tim e  value m ark ed  b y  th e  in te r ­
sec tio n  o f th e  p ro to n  isodensa w ith  s tr ip  A  corresponds to  th e  tim e  p a ra m e te r  
o f  s tro n g  in te ra c tio n s , o f th e  so-called r a p id  processes: 1 0 -23 to  1 0 ~ 22 sec. This 
resem bles to  th e  re la tio n s o f c h a ra c te r is tic  tim es o f th e  s tr ip  A  a n d  w a te r  iso­
d en sa  as w ell as o f  th e  e lec tro m ag n etic  in te ra c tio n s  [21 ].
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Fig. 3. Bridges in  th e  cyclicity  d iagram . (As a com parison in  th e  diagram  the isodensa draw n 
w ith  th e  recen t density-value of th e  Universe is also show n; w hich practically equals to  th e  so- 
called critica l density, i.e. pun|v =  pcr|t a* • 10_3° g/cm3. T he d istance of iso masses from  each

other is 2 : 1)

Ш

тпт̂
W h e n  ta k in g  th e  e q u a tio n  (1), resp . i ts  fo rm  t = ------- and ca lcu la tio n s

h
a re  m a d e  b y  m eans o f  m  — m protorl a  tra n s i t io n a l  s tr ip  o f  tg  a  =  1/2  rise w ill 
be  o b ta in e d  in  th e  d ia g ra m  (F ig . 3) w hich passes  th ro u g h  th e  in te rsec tio n s  o f  
th e  p ro to n  isodensa  w ith  s tr ip  A  (p ro ton) as w ell as o f  th e  w a te r isodensa  w ith  
s tr ip  В  (H y d ro g en -a to m ). T h e  bridges ta k e n  b y  su c h  a  c o n s ta n t m ass are ca lled  
isom ass.

T h e  fe a tu re  o f  th e  p ro to n  isom ass m e n tio n e d  ab o v e  seems to  be t r iv ia l  
since th e  m ass o f th e  h y d ro g e n -a to m  can  be c o n s id e red  to  he equal to  th e  m ass 
o f th e  p ro to n . T he p ro to n  isom ass, how ever, is o f  e x tra o rd in a ry  sig n ifican ce : 
o n  one h a n d , i t  gives th e  re g u la r ity  o f changes o f  th e  space  an d  tim e  p a ra m e te rs  
o f  th e  p a rtic le s  possessing  th e  p ro to n  m ass, a n d  b y  m eans of th is  i t  co nnec ts 
s tr ip  A  a n d  th e  p ro to n  iso d en sa , resp . s tr ip  В  a n d  th e  w a te r isodensa , on th e
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o th e r. (This re la t io n  is th a t  o f n o t o n ly  th e  p ro to n —h y d ro g e n -a to in  b u t in 
m ore  general sense th a t  o f  th e  nucleus — a to m  as i t  will be d iscu ssed  in  chap­
te r  V.)

IV

T he th ree  s ig n if ic a n t p o in ts  o f th e  d iag ram  (i.e. p ro to n , h y d ro g en -a to m , 
m in im al cell) c an  also be  o b ta in e d  b y  m eans o f  th e  follow ing p ro c e d u re :

As a consequence o f  eq u a tio n  (1) c o n s ta n t ve lo c ity  w ill b e  o b ta in ed  if 
th e  following co n d itio n  is fu lfilled :

r/t =  co n st, if
3

L  . f ,  - ÜL _
r  V

f  m i
/ ----- =  mr =
1 0

=  con ts. ( И )

In  th e  U niverse , how ever, th is  is u su a lly  n o t th e  case, b u t  th is  shape of 
e q u a tio n  ind ica tes th re e  c o n s ta n ts  (because o f  th e  th re e  rea l v e lo c itie s  o f  strips 
A , В  an d  C) an d  w h ich  can  be  th u s  in te rp re te d  a t  th re e  s ig n if ic a n t po in ts of 
th e  cyclic ity  re la tio n .

I t  is to  be  n o te d  t h a t  th e  te rm  m en tio n ed  above can  b e  re a liz e d  in  case 
o f  e lec trom agnetic  w av es, w hen  v =  c. I n  th is  case m ore in te re s t in g  points 
w ill be o b ta in ed : th e  e lec tro n , th e  n-m eson, e tc . in  th e  s tr ip  A  c lose to  th e  pro­
to n . S trip  A :

—  =  —  =  * . =  10“ 37 g e m . ( 12)

(One has to  rem em b er:

E  — me2 =  hv =  A — (3)
A '  '

mX A_ _  2 n h  1

I t  w ill be realized  if

S tr ip  B:

I t  w ill be realized  if

^proton 1® g . J- ^"proton   Ю 13 cm .

h
V В

=  10 33 g cm  =  k B . (13)

m =  m H-atom =  1 ° _24 g ; r  =  ^H-atom =  10- 8 cm.
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Strip Ç:

I t  w ill b e  realized if

A 10  20 g cm =  k c .

m =  m ceiimln =  Ю - 15 g ;  Г =  rcellmta =  1 0 - 5 cm .

T h e  m a s s  o f  th e  sm allest l iv in g  ce lls  is 5 • 10 ~ 16 g, th e  m ass o f th e  h y p o th e tic a l 
m in im a l cell of M orowitz is  6  • 1 0 ~ 17 g; th e ir  d ia m e te rs  are  1 0 -5  cm , resp . 
5 • 1 0 - 6  cm  (16).

F ig. 4 . C onstan t lines and th e  isodensa  in  the m-r diagram (u pper d o tted  line: stellar isomass;
low er d o tte d  line: proton isomass)
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In  F igure 4 th ese  p o in ts  occur as th e  in te rse c tin g  po in ts  o f  th e  lines o f  con­
s ta n ts , i.e. of th e  p ro to n  an d  w a te r isodensae  ( th e  th ic k  d o tte d  line is the  
re c e n t d en sity  o f th e  U n iv e rse , th e  th in  d o tte d  line rep re sen ts  th e  p ro to n  iso­
m ass) (F ig . 4).

V

L et us have  som e w ords on tw o in te re s tin g  co incidences:
T he m ass o f th e  U n iv e rse  am o u n ts  to  a b o u t 1081 p ro to n  m asses , i ts  average 

d e n s ity  is ab o u t 1 0 _3° g /cm 3, an d  its  d ia m e te r  is a b o u t 1.7  • 1028 cm .
W h a t w ould  be  th e  sp ace  p a ram e te r  o f  th e  U n iverse  i f  i ts  av e rag e  d en sity  

w ould  be equal to  th e  p ro to n  d en s ity ?
Cosm ologists su g g est a  non -linear c o rre la tio n  b e tw een  th e  sp ace  a n d  tim e 

p a ra m e te rs  of e x p an sio n . I f  i t  is supposed , h o w ever, th a t  th e  s tr ip  A  po in ts 
o u t th e  h is to ry  o f  th e  e x p a n d in g  U niverse a n d  th e  d is ta n c e  v a lu e  is assigned 
to  s tr ip  A  (w hen ^Universe =  Cproton) arl(l th e  co rresp o n d in g  tim e  p a ra m e te r , resp . 
space  p a ra m e te r  a re  re q u ire d , these  p a ra m e te rs  w ill be a b o u t  1 0 13 to  1014 cm

Fig. 5. Diagram and space-data  of the liydrogen-atom  and o f  the m inim al-cell (Pecked line 
denotes the hydrogen-atom , pecked-dotted line the m inim al-cell)
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reap , a b o u t  10s seconds. T a k in g  th e  in te rsec tio n  p o in t o f  th is  line  a n d  o f  th e  
p r o to n  isodensa  a space v a lu e  o f  1 to  2 Á u n its  w ill he  o b ta in e d : a  ty p ic a l 
p a r a m e te r ,  of the  h y d ro  g e n -a to m  and of o th e r  a to m s ! I t  is u n lik e ly  an  
a c c id e n ta l  coincidence.

T h e  possible in te rp re ta t io n  is as follows: w h en  th e  e x p a n d in g  U niverse  
r e a c h e d  th e  density  o f p ro to n , i t  in d ica tes  a ty p ic a l d is tan ce  w hich  lies close to  
th e  d ia m e te r  of th e  H y d ro g e n -a to m  and  o f o th e r  a to m s.

D evelop ing  th is  id ea , a n  in te re s tin g  re la tio n  w ill be  o b ta in e d . L e t us 
d e te rm in e  w hat m ay  d e n o te  th e  tim e  v alue  in  th e  d iag ram  w h en  th e  f irs t 
l iv in g  sy s tem s know n so f a r  w ere  developed. T h is to o k  p lace a b o u t 3.5 to  4 
b illio n  y e a rs  ago w hich c o rre sp o n d s  to  2.5 • 1017 sec in  th e  tim e  scale o f  th e  
U n iv e rse . In  the  d iag ram  th e  in te rse c tio n  p o in t o f  th e  co rresp o n d in g  “ tim e ­
lin e ”  (F ig . 5 p eck ed -d o tted  lin e )  m ark s th e  d is ta n c e  v a lu e  o f 1 0 ~ 5 cm . T his, 
h o w e v e r , equals to  th e  sp a c e  p a ra m e te r  of th e  in te rse c tio n  p o in t o f th e  s tr ip  
C a n d  o f  th e  w a te r iso d en sa , i.e . to  th e  d iam e te r  o f  th e  sm allest liv in g  cell !

T h e  f irs t  developed c o -a c e rv a te  cells and  p ro to ce lls  m ay  h a v e  b een  o f  th is  
d ia m e te r .

O n  th e  basis of o u r r e c e n t  know ledge th is  co incidence can  be reg a rd ed  
a c c id e n ta l  in  co n trast to  th e  p rev io u s one since i t  is n o t p ro b ab le  t h a t  th e  
f i r s t  d ev e lo p in g  cells w ould  h a v e  h a d  any  idea  a b o u t th e  s tru c tu re  o f  th e  U n i- 
v e rse . N evertheless, b o th  co inc idences are w o rth  o f  a t te  n tio n  an d  fu r th e r  
s tu d ie s  (F ig . 5).

VI

I n  th e  d iagram  o f th e  U n iv e rsa l Cyclicity R e la tio n  th e  d em an d  o f an  iso- 
m ass  s im ila r  to  th e  p ro to n  iso m ass  em erges, in  c o n n ec tio n  w ith  th e  s ta rs . T he 
m ass  o f  s ta rs  varies w ith in  tw o  o rd e rs  o f m a g n itu d e  b y  a  fa ir  ap p ro x im a tio n  
M g  ^  1 o rder of m a g n itu d e  (1033±1 g). T he c o rre sp o n d in g  isom ass (F ig . 4) 
is th e  “ life-line”  describ ing  th e  ev o lu tio n  o f th e  s ta rs .

I n  general, d u rin g  th e i r  ev o lu tio n  th e  s ta rs  a re  sh ru n k e n  fro m  a  v e ry  
d i lu te d  large-volum e in to  a  d en se  sm all-volum e b o d y  (th is  is th e  ty p ic a l case 
b u t  o th e r  possib ilities also e x is t) .  T h e ir d en sity  m a y  increase  from  p =  10~ 7 
g /cm 3 u p  to  1015 g/cm 3, th e i r  r a d i i  decrease w ith in  th e  o rders of m a g n itu d e  of 
1 0 13 c m  to  106 cm an d  d u r in g  th is  process th e ir  m ass rem ain s e ssen tia lly  con­
s ta n t .

T h e  question  arises w h e th e r  tim e  p a ra m e te rs  m a y  be  assigned  to  these  
d a ta ,  re s p . th e  M  == 1033 g iso m a ss  show n in  F ig . 4 m a y  be  d raw n  in  th e  d ia ­
g ra m  o f  th e  un iversal c y c lic ity  sim ila rly  to  th e  p ro to n  isom ass. "When su b s ti­
tu t i n g  th e  know n m ass, d e n s ity  an d  space p a ra m e te rs  in  th e  e q u a tio n  (1), 
e x tre m e  h ig h  values w ill b e  o b ta in e d  w hich can  n o t be  in te rp re te d  th o u g h  th e  
s ta r s  a n d  astronom ic o b je c ts  o u g h t to  be lo ca ted  in  th e  space-tim e d iag ram .
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T ak in g  in to  acco u n t th e  p a ram e te rs  be ing  c h a ra c te r is tic  of c e r ta in  stare, how ­
ev e r, th e  id ea  is fo rw ard ed  th a t  an a logously  to  th e  PLANCK-constant, a  “ sta r- 
ev o lu tio n  c o n s ta n t”  o f th e  б а т е  d im en sio n  m ay  ex ist. T his c a n  h e  called 
“ S te lla r  E v o lu tio n  C o n stan t”  an d  can  be  m a rk e d  w ith  J .  A ssum ing  a  conse­
q u e n t ana logy  i t  can  be ca lcu la ted  as fo llow s: 

in  case o f  p ro to n :

h
дгъ m r2

t t
=  mrc m p r  r pr

" p r

(15)

in  case o f a n e u tro n  s ta r  o f p ro to n  d e n s ity  an d  before  g ra v ita tio n a l 
co llapse :

T pr5 m r2
J  = ----- = --------=  mrc

t t

w here t deno tes th e  sm allest tim e  v a lu e  w h ich  can  be assigned to  th e  n e u tro n  
s ta r , i.e . th e  d u ra tio n  d u rin g  w hich th e  b e a m  o f lig h t passes th e  d is ta n c e  co rre ­
sp o n d in g  to  th e  h a lf  o f th e  s ta r ’s d ia m e te r : t =  r/c; or t m a y  be  th e  sh o rte s t 
ro ta t io n  tim e , to o . T he reaso n  o f th e se  ro u g h  sim plifica tions is one o f  th e  basic 
p rinc ip les o f th e  U n iversa l C yclic ity  R e la tio n : w hen  co m p u tin g  th e  re la tio n s  in  
th e  large-scale  U n iverse  no special a t te n t io n  is p a id  to  th e  ex trem e  m a th e m a ti­
cal accu racy . I n  th e  foregoing fo rm u la  m  d en o tes  th e  m ass o f th e  s ta r ,  r  is its  
c h a ra c te r is tic  space p a ra m e te r  (d iam e te r o r rad iu s), g refers to  th e  d en sity , 
w hile V is th e  c h a ra c te ris tic  possib le g re a te s t  ve lo c ity  o f th e  s ta r ,  in  o u r case 
V —+ c.

In  th is  case th e  value  o f th e  c o n s ta n t:

J  ~  1050 g cm 2 s e c -1 . (17)

I f  som ebody  w an ts to  co m p u te  th is  v a lu e  for a h ig h ly  e v o lu te d  s ta r  of 
a to m ic  d en sity , analogously  for an  a to m :

to  th e  a to m : k — mrv (see (4))

to  th e  s ta r : J  =  m rv , (see (16))

w here  in  a d d itio n  to  th e  m  m ass an d  r  space  p a ra m e te r , be v th e  ro ta t io n  veloc­
i ty  c h a ra c te r is tic  o f  a s ta r .

In  case o f a ty p ic a l s ta r , i.e . o f th e  S u n :

J  ~  1050 g cm 2/sec .
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O n  th e  basis o f  o th e r  co n sid era tio n s a c o n s ta n t  v a lu e  o f J  ~  1050 g cn i2 
sec - 1  w ill he  o b ta in e d .1

T h e  star-isomass ta k e n  w ith  th is  c o n s ta n t is in te rp re te d  be tw een  s tr ip s  
A  a n d  В  o f  th e  u n iv e rsa l cy c lic ity  d iag ram . (This isom ass co rresponds to  th e  
s ta r- iso m a ss  o f  F ig . 4) (F ig . 6 ).

Fig. 6. T ransitional bridges o f the universal cyclicity  diagram  and the stellar isom ass. Signs: 
a =  sm allest neutron star; b — typ ica l evoluted  star-form ; c =  the Sun; d =  the planetar

system

B y  m eans o f th e  e q u a tio n  above a re la tio n sh ip  o f general v a lid ity  w as 
o b ta in e d  to  co m p u te  th e  sp ace -tim e-m ass -d en sity -(ro ta tio n )v e lo c ity  p a ra m e ­
te rs  o f  s ta rs  and  o th e r a s tro n o m ic  ob jec ts .

I n  conn ec tio n  w ith  th is  re la tio n sh ip  sev e ra l in te re s tin g  ones are  re fe rred  
to ;

1 See also the calculations of O str ik er  J. P. in his paper: “ W hite Dwarfs” (in: H. Ch iu : 
Stellar  E volution , M IT, 1972 [22]), (where J  =  1048— 1050 gcm 2/sec, the T o ta l Angular  
M om entum ).
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O n th e  basis o f  th e  ScHWARTZSCHlLD-formula th e  c h a ra c te r is t ic  space 
p a ra m e te r  o f  th e  sm alle st n e u tro n  s ta r  is :

R  =  — —— =  10® cm . (18)
cz

A fte r  th e  above  fo rm u la , to o :

r  =  J/m c — 10® cm . (19)

I n  th e  d iag ram  th e  in te rse c tio n  p o in t o f  s t r ip  A  an d  of th e  s ta r - iso m a ss  corre­
sp o n d s  to  th is  w hich  m ark s  th e  co o rd in a te s  o f  a  ty p ica l n e u tro n  s t a r  ( ju s t  before 
th e  g ra v ita tio n a l co llapse), (p o in t о (10® cm , 1 0 _4 sec). (On th e  o th e r  h a n d , the  
re la tio n sh ip  above a n d  th e  p rev ious re la tio n s  suggest fu r th e r  re la t io n s  betw een  
J  ( th u s  p ro b ab ly  h), th e  mastronomlc, th e  c a n d  th e  G values !)

T he in te rsec tio n  p o in t o f  s tr ip  В  w ith  th e  s te lla r isom ass m a r k  th e  space 
a n d  tim e  p a ram e te rs  o f  a  developed  ty p ic a l s ta r  (in th e  figu re  p o in t  с, 1 0 12 cm, 
107 sec).

O r in  case o f  th e  S u n :

t =  ЧЧ& к =  25 .5  d a y s  =  irotG (2 0 )
J

(in  th e  figu re  p o in t 6 : 1011 cm , 10® sec).

V II
Sum m ary and Conclusions

1. In  th e  d iag ram  o f space a n d  tim e  o f  th e  U niversal C y c lic ity  R ela tion  
d e n s ity -  and  m ass v a lu es  can  also be  in d ic a te d .

2. In  th e  U n iverse  th e re  a re  tw o  ty p ic a l  d ensity -va lues (p proton, patom) 
a n d  th e se  co rrespond  in  th e  d iag ram  to  tw o  fa irly  in te rp re ta b le  b rid g es  (iso- 
d en sa ).

or5
To describe th e  iso d en sa  th e  fo rm u la  t =  — — is su itab le .

ft
3. S im ilarly  to  th e  isodensa , iso m ass cu rves tak en  w ith  th e  sa m e  density

тпт*
c a n  also be d raw n  in  th e  d iag ram  a n d  to  describe  these  th e  fo rm u la  t =  ——

is su itab le . O u t o f th e  isom asses t h a t  o f  th e  p ro to n  is o f sp ec ia l sign ificance.
4. Isodensa  m en tio n ed  a b o v e  (resp . re la tionsh ips) can  b e  re la t iv e ly  fairly  

in te rp re te d  in  th e  sp ace -tim e  ran g e  in v e s tig a te d  so far.
T he so-called w a te r-iso d en sa  (w h ich  m a y  be called a to m -iso d e n sa , too, 

since  i t  has be ca lcu la ted  from  th e  d e n s ity , va lu es  o f atom s) in te r p r e ts  th e  pro­
cesses proceeding in  th e  a to m ic  o rb its  (m o lecu la r o rb its; e.g . e x c ita t io n , revo-

15 Acta Gwlogica Academiae Scientiarum H ungaricae 23, 1980



2 2 6 GULYÁ S, В.

l í i t io n  of th e  e lectron  a ro u n d  th e  nucleus, re a c tio n s , bo n d s, phenom ena p ro ­
ceed in g  in  m olecular o rb its  (b iology !), etc.).

T h e  so-called p ro to n - iso d e n sa  (which m a y  b e  ca lled  also nucleus-isodensa 
s in c e  co m p u ta tio n  is c a r r ie d  o u t  b y  densities o f  n u c le u s)  com prises th e  p h e n o m ­
e n a  proceed ing  in  th e  n u c le u s  o rb it (nuclear re a c tio n s , nuclear fission , ex c i­
t a t io n ,  etc.). The in te r p r e ta t io n  o f th is is a f u r th e r  ta s k . The p ro to n  isom ass 
s h o w s  th e  re la tionsh ips o f  th e  space-tim e p a ra m e te rs  o f  phenom ena p roceed ing  
in  th e  a tom ic and n u c le a r  o rb its .

5. The d iagram  o f  th e  u n iv e rsa l cyclic ity  o f  E . S zá d e c z k y -K a r d o s s  is 
r e a l ly  th e  space-tim e d ia g ra m  o f th e  U niverse. T h e  b rid g es carry  a sy m m e try  
in to  th e  sym m etric sy s te m  o f  th e  m ain strips o f  th e  d ia g ra m  (i.e. these  d escribe  
t h e  scale-dependence o f  th e  U niverse).

6 . The cyclic ity  d ia g ra m  supp lem ented  w ith  th e  bridges suggest a m odel 
to  th e  evo lu tion  an d  s t r u c tu r e  o f th e  U niverse. T h e  accu ra te  and  exp ressiv e  
e la b o ra tio n  of th is , h o w e v e r , is th e  task  of fu tu re .

7. As an analogy to th e PLANCK--constant, a stellar evolution constant

( 0 f 5 TU T *'
J  = -----=  ------- =  ттс ~  1050 g cm 2/sec .

T h is  p rov ides the  re la tio n sh ip  o f  th e  sp ace -tim e-m ass-d en sity -ro ta tio n -v e lo c ity  
p a ra m e te rs  of th e  s ta rs  a n d  o th e r  celestial b o d ies . T h is  re la tion  co rresponds 
to  th e  no tio n  of “ to ta l  a n g u la r  m om entum ”  (O s t r i k e r , 1972) know n also 
in  a s tro n o m y .
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ДОПОЛНИТЕЛЬНЫЕ МОСТЫ В УНИВЕРСАЛЬНОЙ СВЯЗИ ЦИКЛИЧНОСТИ

Б. ГУЛЯШ

Р е з ю м е

В диаграм м е п р о стр ан ства  и врем ени у н и вер сал ьн о го  закона  ц и к л и ч н о с ти  м ож но 
у стан о в и ть  м осты , представляю щ ие собою  п о сто ян н ы е  густоту и м ассу. Э ти  м осты  могут 
бы ть описаны  в виде с в я зи  * =  m r-jh  — c>r5/h . П р и н и м а я  во внимание два  ти п и ч н ы х  зн ачени я 
гу сто ты  во вселенной  (рпротон, оатом) м ож но п о л у ч и ть  д ва  довольно хорош о и н тер п р ети р у е­
м ы х м оста, вклю чаю щ ие в  себя  пространственно-врем енн ы е связи  п р о ц ессо в , п р о и сх о дя­
щ и х  частично на  атом ны х (м олекулярны х) о р б и та х , частично ж е  н а  о р б и та х  атомных 
я д е р .

К ром е полос А , В , С и D  сущ ествую т т а к ж е  и мосты , х ар актери зую щ и е единичные 
р е ак ц и и  [1 ], представляю щ ие собою ц и кл и ч н ы е  и ритмичные д в и ж е н и я  в  диаграм м е 
у н и вер сал ьн о го  за к о н а  цикличности . О ни р а сп о л а га ю т  к а к  точной м атем ати ческо й  фор­
м у л и р о в к о й , т ак  и физическим  толкованием .

Эти мосты  и гр аю т  важ н у ю  р оль  в  и н тер п р етац и и  некоторых в за и м о св я зей  закона  
ци кли чности .
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CLIMATIC CHANGE: A RATIONAL THEORY 
AND ITS HUMAN IMPLICATIONS

By

R o b e r t  P . B e c k in sa l e

UNIVERSITY OF OXFORD, U. K.

A uthor postu lated , th a t  an Ice Age is caused by  continental d rif t an d  plate 
tectonics w hich have resulted in highlands and  large landm asses in  polar an d  subpolar 
latitudes. These decrease global tem pera tu res sufficiently for periodic varia tions in  the 
E a r th ’s o rb ita l geom etry to  trigger off ice advances and  retreats, the  n a tu re  an d  ex ten t 
o f which depend on icesheet mechanics, th e  b road  topography, and ocean tem peratures.

C o n tro v ersy  over th e  causes o f  c lim a tic  change has rag ed  fo r  m o re  th a n  
300 y e a rs ; th e  l i te ra tu re  is enorm ous a n d  th e  causes suggested  v a ry  w ith  th e  
sc ien tific  know ledge o f  th e  d a y . I n  1842 J .  F . A d h ém a r  of P a ris  u sed  v a r ia tio n s  
in  th e  E a r th ’s o rb ita l g eo m etry  as th e  m a in  cause o f  an  Ice Age a n d  in  1873 
J a m es  Cro ll  in  h is Climate and Tim e in  their Geological Relations e x te n d e d  th is  
th e o ry . D u rin g  th is  period  Ch a r les  L y e l l  in  h is Principles o f  Geology u sed  a 
u n ifo rm ita r ia n  ap p ro ach  a n d  ex p la in ed  c lim a tic  change b y  ch an g es in  th e  
la t i tu d in a l  d is tr ib u tio n  o f la n d  a n d  sea (F ig . 1).

I n  th e  e a rly  tw e n tie th  c e n tu ry  th e re  w as a  g re a t o u tb u rs t o f  m e teo ro lo g i­
cal suggestions concern ing  c lim atic  ch an g e . A m ong th e  genera l w o rk s w ere 
D ie K lim ate der geologischen Vorzeit (1924) b y  W . K ö pfe n  an d  A . W e g e n e r , 
Climate Through the Ages (1926. 2 n d  ed. 1949) b y  C. E . P . B rooks a n d  v a rio u s  
a c co u n ts  b y  M il u t in  M ila n k o v itc h  o f  th e  te m p e ra tu re  effect o n  th e  g lobal 
a tm o sp h e re  o f v a ria tio n s  in  th e  o rb ita l g eo m e try  o f  th e  E a r th  [1]. T h ese  p a r t ly  
o r la rg e ly  th e o re tic a l expositions w ere a id ed  b y  th e  p u b lica tio n  o f  d e ta ile d  
f ie ld  s tu d ies  su ch  as tho se  b y  A. P e n c k  a n d  E . B r ü c k n er  in  th e  A lps (Die 
A lpen  im  Eiszeitalter. 3 V ois. L eipzig , 1901 — 1909).

R ecen t decades h av e  b ro u g h t m ore  e lab o ra te  m ethods o f  f ie ld  re sea rch  
an d  analysis  in c lu d in g  iso top ic  d a tin g  o f  v a rio u s k inds, p a laeo m ag n e tic  m ea­
su re m e n ts , an d  b o rin g  fo r cores in  ocean -floo r deposits an d  ice -cap s. These 
sc ien tific  advances have  m ade th e  p ro b lem  o f c lim ate  change m ore  com plex  
a n d  h a v e  in v o lv ed  resea rch  scho lars in  so m a n y  b ranches o f  science  t h a t  an  
In te rn a tio n a l  Q u a te rn a ry  A ssocia tion  (IN Q U A ) h as  been fo rm ed  a n d  th e  fo r­
m u la tio n  o f a genera lly  accep tab le  so lu tio n  to  th e  cause o f c lim a tic  change 
seem s m ore an d  m ore  rem o te .

T h e  d iff ic u lty  o f  p roposing  a re a so n a b ly  a d e q u a te  so lu tio n  m a y  be  seen 
in  th e  m a jo r w orks pu b lish ed  since 1950 o n  th e  P leistocene c lim a tic  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.

9 0  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)

S ev e ra l au th o rs  p o s tu la te  a  so la r-to p o g rap h ic  or so la r-re lie f concep t b ased  o n  
d ec rea sed  so lar ra d ia tio n  a n d  th e  presence o f  e x te n s iv e  h ighlands or a con figu ­
r a t io n  o f  la n d  an d  sea  fa v o u ra b le  for th e  fo rm a tio n  o f  ice sheets [2]. Som e a u ­
th o rs  av o id  g en era litin g  o n  b ro ad  causes a n d  co n fin e  th e ir  conclusion to  th e  
la s t  co ld  period  on  w h ich  m o st evidence is av a ila b le  [3].

M uch o f th e  v a s t  m o d e rn  li te ra tu re  on c lim a tic  change uses a w ide v a r ie ty  
o f  f ie ld  ev idence on th e  lo ca l en v iro n m en t (paleoeco logy  or pa leogeography) 
to  d ed u ce  and  com pile c lim a tic  m aps of th e  m o re  re c e n t Q u a te rn a ry  ph ases . 
F o r  ex am p le , ana ly ses  o f  ocean-floor sed im en t cores are  used to  deduce  iso ­
th e rm a l  m aps o f N o r th  A tla n tic  surface w a te rs  [4] O r to  ta k e  a n o th e r exam ple , 
th e  g eo graph ica l d is tr ib u tio n  o f ice-wedge p o ly g o n s , p ingos, fossil soil in v o lu ­
tio n s  a n d  o th e r p e rig lac ia l p h en o m en a  is u sed  to  d ed u ce  th e  m in im um  d ro p  in  
m e a n  a n n u a l a ir  te m p e ra tu re s  [5]. The C L IM A P R O JE C T  aim s a t  re p ro d u c ­
in g  g rap h ica lly  “ T he su rface  o f th e  ice-age e a r th ”  [6 ], and  m eteoro logists hope 
t h a t  e v e n tu a lly  “ sy n c h ro n o u s  p ic tu res of th e  c lim a te  of th e  w hole w orld  a t  
se lec ted  epochs in  th e  p a s t”  m ay  be av a ilab le  ( J . S. Sawyer, in  re f. 4, 105, 
1977.). T he b ro ad  m eteo ro lo g ica l view  has b e e n  re c e n tly  sum m arized  b y  B . J .
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Mason  who deals also w ith  num erica l m odelling  o f  clim ate  an d  possib le  p e rtu r­
b a tio n s  o f c lim ate  [7].

R ecen t advances in  geophysics an d  geology have m ade th e  com pila tion  
o f  m aps o f  global pa leo g eo g rap h y  less in e x a c t a lth o u g h  su c h  m ap s  are far 
fro m  p erfec t for m ost p e rio d s in  th e  p a s t. G eologists h av e  sh o w n  t h a t  conti­
n e n ts  m ove long d is tan ces , som etim es in  u n p red ic tab le  d ire c tio n s , t h a t  ocean 
b asin s ex p an d  on each  side o f m edial su b m arin e  ridges an d  t h a t  th e  collision 
o f  c ru s ta l p la tes m ay  c re a te  g rea t m o u n ta in  ranges as w ell as g re a t  oceanic 
deeps. T his flu id  c ru s ta l s ta te  m ay  w ell cause m eteoro logists to  h e s i ta te  before 
com piling  p a leoclim atic  m aps fo r som e geological periods. B u t  p la te  tecton ics 
w ith  co n tin en ta l d r if t  a n d  ocean-floor sp read in g  m ay  help  geo log ists  to  ex­
p la in  b ro ad  pa leo c lim atic  changes an d  som e o th e r e n v iro n m e n ta l changes 
ex h ib ited  in  geological p h en o m en a . B o th  m eteoro log ists a n d  geologists will 
b e n e fit from  th e  n o ta b le  e ffo rts  now  being  m ade to  assess a n d  m a p  th e  form er 
re la tiv e  positions o f  th e  co n tin en ts  (p a leo co n tin en ta l m aps) [8 ]. O nce some 
ag reem en t is reach ed  on  th e  g lobal positions o f  th e  co n tin e n ts  paleoclim ato lo - 
g ists  an d  paleogeographers w ill superim pose  o th e r g eo g rap h ica l d e ta ils  w ith 
m ore confidence.

P ro b a b ly  fo r th e  f i r s t  tim e  b ro ad  c lim a tic  change can  b e  sa tis fac to rily  
ex p la in ed  in  a p u re ly  geological w ay  su ch  as w as a t te m p te d  b y  Charles 
L y e l l  a c en tu ry  ago. W hen  m ig ra to ry  landm asses co n g reg a te  in  po la r and 
su b p o la r  la titu d e s  th e  w orld  c lim ate  becom es cool; w hen  th e re  is a  g re a t p re ­
p o nderance  of la n d  in  tro p ic a l an d  su b tro p ic a l la titu d e s  g lo b a l c lim a tes  tend  
to  be w arm . S ure ly  th e  tim e  has com e w h en  geologists can  a c c e p t th e  con ten ­
tio n  th a t  th e  onse t o f th e  P le istocene  c lim a tic  change was due  to  th e  m ovem ent 
o f  co n tin e n ta l m asses in to  p o la r an d  su b p o la r  la titu d e s  a n d  to  th e  elevation  
o f  h igh  m o u n ta in  ran g es  associa ted  w ith  th o se  c ru s ta l te c to n ic s .

B u t w hereas th e  gen era l low ering  o f  g lobal c lim ate  c a n  b e  a t t r ib u te d  to  
th is  cause, i t  can n o t ex p la in  th e  sh o rt-te rm ch an g es  o f c lim ate , w ith  ice-advances 
an d  re tre a ts , t h a t  o ccu rred  d u rin g  th e  P le istocene  an d  h a v e  b e e n  s tu d ied  in  
d e ta il for th e  Q u a te rn a ry . A lth o u g h  m uch  m o u n ta in  b u ild in g  h a s  ta k e n  place 
in  th e  la s t  th ree  m illion  y ears  th e  e x te n t o f  c o n tin en ta l d r if t  m u s t  be small, 
an d  re p e titiv e  sh o r t- te rm  changes o f g lobal c lim ate  can n o t be  a t t r ib u te d  d irec t­
ly  to  an y  form  o f p la te  tec to n ics . T he p o s tu la te d  causes o f  c lim a tic  change 
o th e r  th a n  co n tin e n ta l d r if t  m u st now  be  discussed.

Possible Causes o f Climatic Change

M ore th a n  20 m a in  causes fo r c lim a tic  change have  b e e n  p o s tu la te d . Six 
o f  th e se  deal w ith  changes in  th e  q u a n ti ty  o r/an d  q u a lity  o f  so la r  em ission or 
ra d ia tio n . All lack  o b se rv a tio n a l te s tin g  an d  a sa tis fa c to ry  c a u sa l co rrelation  
w ith  surface c lim ate  an d  w ea th e r ph en o m en a . In  p ra c tic e  so la r  rad ia tio n
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c h a n g e s  seem  to  be v e ry  s m a ll  a n d  i t  seems b e s t to  re g a rd  so lar em ission as 
r e a s o n a b ly  constan t.

F o u r  o ther m ain  th e o r ie s  a re  based on v a r ia tio n s  in  th e  tra n sp a re n c y  o f 
th e  a tm o sp h e re  due to  one  o r  m o re  of th e  fo llow ing:

v a ria tio n s  in  th e  c a rb o n  d io x id e  co n ten t o f  th e  a tm o sp h ere ; 
th e  presence o f v o lc a n ic  aeroso ls or d u st; 
v a r ia tio n s  in  th e  ozo n e  la y e r ;  and
v a ria tio n s  in  th e  w a te r  v a p o u r  co n ten t o f th e  a tm o sp h e re .

T h e  a u th o r  has a lready  a rg u e d  t h a t  none o f th e se  c o u ld  acco u n t fo r a m a jo r 
c h a n g e  o f  clim ate such as o c c u r re d  during  th e  P le is to c e n e  [10]. I t  seem s re a so n ­
a b le  t o  re g a rd  th e  a tm o sp h e re  as a  self-regulating  m e c h a n ism  in su la ted  b y  th e  
o zo n e  la y e r  from  f lu c tu a tio n s  in  solar em ission; a n d  consisting  of com plex 
c irc u la t io n s  th a t  f lu c tu a te  in  e x te n t  b u t  canno t in  th e m se lv e s  gen era te  c lim atic  
c h a n g e .

W e  come now to

Theories Based on Changes in  the Earth's Geometry

T o d a y  m any v a ria b le s  in  th e  E a r th ’s o rb ita l g e o m e try  are recognized  b u t  
b y  f a r  th e  th ree  chief are

(1) th e  eccen tric ity  o f  th e  E a r th ’s o rb it, w ith  a  perio d ic ity  o f a b o u t 
96 8 0 0  y e a rs  and a m a in ly  t r o p ic a l  effect on th e  E a r t h ’s te m p e ra tu re  sy stem .

(2) th e  precession o f  t h e  E qu inoxes, w ith  a  p e r io d ic ity  o f  ab o u t 21 000 
y e a r s  (F ig . 2); and

(3) varia tio n s in  th e  o b l iq u i ty  of th e  p lane  o f  th e  ec lip tic , w ith  a sign if­
ic a n t  p e rio d ic ity  of a b o u t 4 0  000  years and a s tro n g ly  p o la r c lim atic  effect. 
T o d a y  th e  ob liqu ity  is a b o u t  23  1/2° b u t in  th e  p a s t  i t  h a s  changed  period ica lly  
a b o u t  1 ° each way.

T h e ir  com bined e ffec t w a s  ca lcu la ted  b y  M. M il a n k o v it c h  an d  has b een  re ­
c a lc u la te d  m any  tim es s in ce  [1 1 ]. M ost m eteo ro log ists  h a v e  long agreed  th a t  
th e  d i r e c t  effect on g lobal te m p e ra tu re s  w ould be  sm a ll (o f th e  o rd er o f 1° or 
2° C) a n d  in  them selves c o u ld  n o t  cause a m a jo r c h a n g e  in  g lobal c lim ate . In  
w a rm  p erio d s  of geologic h i s to r y  th e y  are n o t s ig n if ic a n t; in  cool periods th e y  
m a y  t r ig g e r  off the  e x p a n s io n  o f  snow  cover an d  ice (F ig . 3). I n  1976 B. J .  M a s o n  
c o n s id e re d  th e  o rb ita l- in d u c e d  “ v a ria tio n s  in  iso la tio n , p ro d u c in g  te m p e ra tu re  
c h a n g e s  o f  4 —5 deg C co u ld  w e ll b e  responsible fo r  in i t ia t in g  th e  ad v an ce  an d  
r e t r e a t  o f  th e  ice shee ts”  (o p . c i t . ,  486). For lan d s p o le w a rd  of 45°N  th e  m ax i­
m u m  o f  ice  cover was n e a r ly  co in c id en ta l w ith  th e  m in im u m  of in so la tio n  or 
re c e iv e d  ra d ia tio n  a t in te rv a ls  o f  40 000 years (F ig . 4). S im ila rly  th e  la s t  m ax i­
m u m  o f  o b liq u ity  of th e  E a r t h ’s ax es  and  m ax im u m  in so la tio n  in  h igh  la ti tu d e s  
c o in c id e d  closely w ith  th e  l a s t  m a in  ice -re trea t a b o u t 10 000 B P .
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Northern winter 
and southern 

summer solstices 
in perihelion

Northern summer 
and southern 

winter solstices 
in aphelion

Equinox
in

aphelion

Northern summer 
and southern 

winter solstices 
in perihelion

Northern winter 
and southern 

summer solstices 
in aphelion

Fig. 2. D iagram to  illu s tra te  th e  precession of the  equinoxes (L y e l l , 1872). H ere the  difference 
betw een aphelion (152 m illion km ) and perihelion (147 million km ) is g rea tly  exaggerated. This 

exaggeration still persists in m odern textbooks

Summer solar radiation at latitude 65e N

Fig. 3. Curves of sum m er solar rad iation  a t 65° N. la titude and of trop ical sea-w ater tem perature. 
The solar radiation is expressed as apparen t shifts in la titude; thus a polew ard extension of the 
curve indicates a re la tive  drop in  sum m er solar rad iation  to  the am oun t experienced today a t 

the la titu d e  indicated (after E m il ia n i  (1958) and W o e r k o m )
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Thousand years BP

Fig. 4. C hanges in global ice cover an d  to ta l  annual insolation or rad ia tio n  in  la titudes 45°— 90° 
N d u rin g  th e  last 150000 years. L ine  О— О represents p resen t values. The radiation  curve is 

th e  m ean of values given by  M i l a n k o v i t c h  and V e b n e k a b . A fter M a s o n  (1976)

I t  is in te re s tin g  to  n o tic e  t h a t  in  1957 C. E m il ia n i  a n d  J .  G e is s  devised  
an  e la b o ra te  c lim atic-change th e o ry  based  m ain ly  o n  to p o g ra p h ic  u p lift and  
th e  te m p e ra tu re  effects o f  v a r ia t io n s  in  th e  E a r th ’s o rb ita l  g eom etry  coupled  
w ith  a  v a ry in g  h ea t ex ch an g e  b e tw e e n  th e  oceans a n d  c o n tin e n ta l ice sheets 
a n d  w i th  ce rta in  r e ta rd a tio n  o r  tim e-lag  surface effec ts su ch  as ice-cap p la s tic ­
i ty ,  c r u s ta l  w arping an d  so o n  [12 ]. This ingenious h y p o th e s is  serves to  rem in d  
u s  t h a t  c lim a tic  change is im p o se d  on an  E a r th  w ith  a v a r ie d  an d  changeab le  
su rfa c e  geography .

W e will now tu rn  to  th e o r ie s  o f  c lim atic change b a se d  m ain ly  on

Changes in  Terrestrial Geography or Paleogeography

T h e se  are  excessively c o m p le x  as com binations, k n o w n  an d  possib le, o f 
c h a n g e s  in  th e  h o rizon ta l a n d  v e r t ic a l  p a tte rn  o f  p a leo g eo g rap h y  are  n u m e r­
ous. C o n tin e n ta l c o n tin u ity  g iv in g  co n tin en ta l c lim a tes  w ith  ab n o rm al w in te r 
co ld  in  h ig h  la titu d es  has b e e n  p o s tu la te d . A r iv a l p o p u la r  co n cep t b ased  on 
o ro g en ic  u p lif t  during c a ta s tro p h ic  m o u n ta in -b u ild in g  p e rio d s has now  been 
la rg e ly  rep la c e d  b y p ro lo n g ed  o rogenesis  associated  w ith  slow  c ru s ta l p la te  m o v e ­
m e n ts . A s a lready  n o ted  m a n y  geologists com bine th e  e ffec ts  o f  orogenesis in  
h ig h  la t i tu d e s  w ith  som e c h a n g e  in  inso la tion  due  e ith e r  to  v a ria tio n s  in  solar 
em iss io n  an d /o r to  periodic c h a n g e s  in  th e  E a r th ’s o rb ita l  geo m etry .

O ne  geological th e o ry  is esp ec ia lly  co n tro v ersia l u n less  lin k ed  w ith  co n ­
t in e n ta l  d r if t .  I t  concerns th e  c o n c e p t of a sh ift in  th e  p o s itio n  o f  th e  pole. This 
th e o r y  ta k e s  several form s. I n  1908 H . S im r o th  p o s tu la te d  a  “ p en d u lu m  oscil­
la t io n ”  o f  th e  Poles w ith  r e s u l ta n t  changes in  th e  oceans a n d  in  g lobal c lim ates. 
F i f ty  y e a rs  la te r  M. E w in g  a n d  W . D o n n  fo rm u la ted  a th e o ry  o f ice-advances 
a n d  - re tr e a ts  in  th e  P le is to cen e  a n d  suggested  th a t  th e  Q u a te rn a ry  began  w hen 
th e  P o le s  m oved to  th e ir  p re s e n t  positions [13].
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P o la r w a n d e rin g  d u rin g  th e  la s t few  m illion  years rem ain s a prob lem , 
especially  if  A n ta rc t ic  ice sheets are in v o lv ed . Sea-level w ould  be  a ffec ted . The 
concep t th a t  i f  th e  E a r th  developed su rface  im b a lan ce  sh ifting  o f  th e  Po le  w ould 
re su lt lacks o f em p irica l p ro o f or disproof. R e c e n tly  an  a t te m p t h a s  b een  m ade to  
re la te  possible P o le  m o v em en t to  th e  h e ig h t o f  old shorelines to  t r y  to  f in d  som e 
m ean ingfu l c o rre la tio n  betw een  th e  tw o [14]. I n  th is  a rtic le  i t  w as assu m ed  th a t  
as pole slippage occurs “ th e  geographical p o in t  w here th e  m erid ian s converge 
spirals aw ay fro m  th e  ax is, c ircu iting  i t  w ith  each  daily  ro ta t io n  o f  th e  E a r th ”  
(p. 18). T his g eo p h y sica l p roblem  excites m a th e m a tic ia n s  b u t  a t  p re se n t i t  m ust 
be p laced  in  a n o n -p ro v e n  category .

A t le a s t tw o  o th e r  phenom ena o f te r r e s tr ia l  geography  are  b e in g  in c rea s­
ing ly  in c o rp o ra te d  in to  theo ries o f th e  cau se  o f  c lim atic  change in  th e  Q u a te r­
n a ry . Ice surges in  A n ta rc tic a , especially  w e s te rn  A n ta rc tica , h a v e  a t t r a c te d  a 
grow ing li te ra tu re , b o th  concerning te m p e ra tu re  change a n d  sea-lev e l v a r ia ­
tions [15]. S econd ly , som e theories in c o rp o ra te  ideas on th e  c lim a tic  effects of 
h e a t s to rage  in  th e  oceans. R ecen tly  v a r ia tio n s  in  th e  m erid io n a l h e a t  t r a n s ­
p o rt o f th e  oceans h as  b e e n  used to  devise a m ech an ism  to  ex p la in  th e  a lte rn a te  
advance  an d  r e t r e a t  o f  th e  global ice co v er [16]. T he suggestion  is t h a t  d u ring  
ice shee t ad v an ces  th e  ocean  w arm s u p  a n d  e v e n tu a lly  te rm in a te s  th e  glacial 
phase; d u rin g  in te rg la c ia ls  th e  oceans cool slow ly  an d  e v e n tu a lly  fu r th e r  g la­
c ia tio n  occurs. B u t  i t  seem s th a t  th e  m ech an ism  is in  all senses seco n d a ry  and  
depends for i ts  o n se t u p o n  a p rim ary  fa c to r .

Before d iscu ssin g  th e  la s t Ice Age (P le is to cen e /Q u a te rn a ry ) i t  seem s d esir­
able to  g lance a t  th e  Permo-Carboniferous Ice Age and  th e  possib le  c lim atic  
tre n d s  in  g lobal te m p e ra tu re s  since then. G eological evidence p o in ts  to  th e  fol­
low ing sequence:

1. In  P erm o-C arbon ife rous tim es a  g re a t  g lac ia tio n  o ccu rred  in  w h a t was 
a p p a re n tly  a v a s t  A n ta rc tic  po lar c o n tin e n t. T h is g lac ia tion  la s te d  a t  least 
from  L ow er C arbon ife rous to  Lower P e rm ia n  tim es or 80 to  o v er 100 m illion
years.

2. Since e a r ly  C retaceous tim es or in  th e  la s t  150 m illion  y e a rs  G ondw ana 
or P an g aea  has  sp lit  u p  an d  th e  co n tin e n ta l b locks on  c ru sta l p la te s  h a v e  m oved 
a p a r t  in  v a rio u s  d irec tio n s.

3. A ssocia ted  w ith  these  c ru s ta l m o v em en ts  th e re  w as e x ten s iv e  and  
pro longed  orogenesis a t  convergen t p la te  m arg in s .

4. T h ro u g h o u t T e r tia ry  tim es th e re  ap p e a rs  to  have b een  a  g ra d u a l de­
crease in  g lobal te m p e ra tu re s .

5. In  la te  M iocene and  during  th e  P liocene  and  th e  e a rly  P le is to cen e  p e ­
riods g lac ia tions o ccu rred  in  A n ta rc tica .

6 . E v e n tu a lly  an d  re la tiv e ly  su d d e n ly  ex tensive  g lac ia tio n  occu rred  in 
h igh lands in  su b p o la r  regions in  the  A rc tic  o f  th e  n o rth e rn  h em isp h ere . The 
Q u a te rn a ry  p ro p e r  m ay  now be said  to  h a v e  begun.
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в polar fand
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F ig. 5. G eneral scheme for the geological lowering of global air tem peratures and the ir response 
to  o rb ita l tem perature  influences. In  th e  bottom  diagram  an approxim ate time-scale w ould  be 
20 m illion  years for A , 10 m illion years  for B , and 2 million years for C. The glacial advances 
show n are  entire ly  schematic. A  m ore realistic and detailed tim e-scale for the la te  Q u ate rnary  

changes is shown in  F igs 3 & 4. Shading denotes persisten t ice cover

I f  th e s e  broad  c o n te n tio n s  a re  accep ted  we ca n  ex p la in  on solely geo log i­
ca l g ro u n d s  th e  decrease o f  g lo b a l a tm o sp h eric  te m p e ra tu re  su ffic ien t to  a llow  
th e  te m p e ra tu re  effect o f  c h a n g e s  in  th e  E a r th ’s o rb ita l  geom etry  to  tr ig g e r  
o ff  e x te n s iv e  g laciation  in  th e  n o r th e rn  h em isphere  (F ig . 5). T he g ra d u a l d r if t  
o f  t h e  A n ta rc tic a  b lock  in to  a  s o u th  po la r p o s itio n  a n d  th e  u p lift o f m o u n ta in s  
a t  i t s  ed g e  caused ex ten s iv e  g lac ia tio n s  th e re  w h ich  w ould  low er g lobal t e m ­
p e r a tu r e s .  N o do u b t m a n y  c o m p lic a te d  changes in  th e  p a leogeography  o f  t h a t  
c o n t in e n t  to o k  place b u t  e v e n tu a lly  i t  w as e le v a te d  a n d  buck led  su ffic ie n tly  
a t  i t s  p e r ip h e ry  to  p e rm it th e  a c c u m u la tio n  o f a deep  ice -b asin  or ice-cup . W ith  
th e  d e v e lo p m e n t o f a lo f ty  a n d  th ic k  ice-cap th e  a tm o sp h e ric  chill o f A n ta rc tic a  
b e co m es  a  v ir tu a lly  p e rm a n e n t fa c to r  in  su b se q u e n t c lim a tic  change.

T h e  d is tin c tio n  b e tw e e n  a  glaciophile an d  glaciophobe topography is im ­
p o r ta n t .  T h e  glaciophile to p o g ra p h y  allows th e  w e ig h t o f  th e  ice to  dep ress th e  
b ase  o f  th e  ice sheet to  a  low  lev e l or even below  sea-level while th e  m o u n ta in  
r im  o f  th e  landm ass re ta in s  th e  ice  in  th e  b as in  so t h a t  th e  ice accu m u la tes  to  
a g r e a t  d e p th  before o v erflo w in g  th e  rim  or d isch arg in g  as b ro ad  ice -tongues or
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Fig. 6. D iagram  of possible ice-advance and -re trea t in  a polar glaciophile topography . In  C  and 
D  prolonged erosion breaches and lowers the peripheral m ountains so facilitating  ice-drainage 

and  the reduction of a ltitude  and concavity. Tim e- scale of the order of over 1 million years

glaciers th ro u g h  th e  r im . T h is cond ition  is v e ry  d iffe ren t from  t h a t  o f  a glacio- 
phobe to p o g ra p h y  -with dom e-shaped  re lie f  f ro m  w hich  ice sheets e x p a n d  freely  
o u tw a rd  from  h ig h -lev e l snow  accu m u la tio n  reg ions (F ig. 6 ).

Glaciations during the Quaternary

L e t us ta k e  th e  la s t  m ain  glacial p e r io d , o r  th e  b e s t in v e s tig a te d  period  
o f  th e  Q u a te rn a ry . I t  is ch a rac terized  b y  g lac ia l advances an d  r e t r e a ts  du ring  
in te rs tad ia le  a n d  so-called  in terg lacials.

Period ic  in so la tio n  changes due to  ch an g es  in  th e  E a r th ’s o rb ita l  geo m etry  
w ill p e rs is t. Som e o f  th e se  w ill affect m ore  s tro n g ly  th e  n o rth e rn  a n d  so u th e rn  
h em isphere  a l te rn a te ly  b u t  owing to  th e  p e rs is te n c y  o f th e  chill o f  th e  A n ta rc ­
tic a  ice-cup th e ir  d ire c t e ffect will be g re a te s t  in  th e  n o rth e rn  h em isp h ere .

B u t A n ta rc tic a  is n o t a c o n s tan t fa c to r . I t s  ice sh ee t-ad v an ces  a n d  -re­
t r e a ts  m a in ly  o v e r th e  ocean. I t  m u st h a v e  som e so rt o f ex p an sio n  reg im e and
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i t  is c o n n e c te d  th e rm a lly  b y  d eep -sea ted  ocean ic  w ate rs  to  n o rth  su b  p o la r  
reg io n s  a t  le a s t in  th e  A tla n tic .

A s a  re su lt of th is , re c e n t ice-advances a n d  - re tre a ts  in  th e  n o r th e rn  h e m i­
sp h e re  a re  th e  reactions to  a co m p lica ted  co m b in a tio n  o f  periodic changes in  th e  
E a r th ’s o rb ita l  geom etry  a n d  th e  cold sto rage  effec ts  o f an  A n ta rc tic  reg im e , 
c o u p le d  p re su m ab ly  also w ith  som e influence  fro m  G reenland  an d  th e  h e a t 
s to ra g e  c a p a c ity  of th e  oceans. I t  seem s ir ra tio n a l to  ex p ec t a sim ple te m p e ra ­
tu r e  re sp o n se  to  o rb ita l in flu en ces  du ring  th e  P le is to cen e  because o f th e  r e t a r ­
d a tio n  e ffe c t o f p e rs is ten t ice -cu p s and th e  slow  w a rm th  m echan ism  o f  th e  
oceans.

A ssu m in g  appreciab le  co m p lica tio n s in  th e  t im e  scale and  th e  deg ree  o f 
e ffec t, l e t  us s tu d y  one ice a d v a n c e  and r e t r e a t  in  th e  n o rth e rn  h em isp h e re  
d u r in g  w h a t  m ay  be p re su m ed  to  be  a ty p ic a l g lac ia l period .

1. A  cool phase in  th e  E a r th ’s o rb ita l in flu en ce  occurs, c o in c id e n ta l 
w ith  w e a k  o r m aybe w ith  r e la tiv e ly  s trong  A n ta rc tic  influence.

2. Snow  accum ulates a n d  ice sheets g ra d u a lly  fo rm  and  expand  u p o n  th e  
sn o w ie r  h ig h -lan d s.

3. T h e  new  albedo, a n d  te m p e ra tu re  r e ta rd a t io n  o f m elting  in  th e  w a rm e r 
sea so n , c a u se  a rap id  drop  in  su rface  air te m p e ra tu re s .

4 . T h e  ice sheet h e ig h ten s  an d  expands u n d e r  g ra v ity  flow.
5 . A t  th e  sam e tim e  sea -lev e l drops.
6 . G rad u a lly  th e  w e ig h t o f  ice causes iso s ta tic  depression b e n e a th  th e  

ice s h e e ts  especially  u n d e r th e  m ax im u m  ice -accu m u la tio n  areas.
7 . E v e n tu a lly  th e  e x p a n d e d  ice-sheet in v a d e s  low er levels a n d  low er 

la t i tu d e s  a t  w hich its  p e r ip h e ry  th in s  and  m elts .
8 . A  w arm er phase in  th e  E a r th ’s o rb ita l in flu en ce  causes th e  m a in  ice 

sh e e t to  r e t r e a t  and  th in  or d is a p p e a r  on th e  h ig h lan d s.
9 . W ith  th e  ic e - re tre a t sea-level rises ra p id ly .

10. T h e  g laciated  la n d m a ss  undergoes a  slow  iso s ta tic  recovery  (F ig . 7).
T h e  re la tiv e  slowness o f  iso s ta tic  response  co m p ared  w ith  sea-level rise  

e x p la in s  w h y  an  in d iv idua l g la c ia l advance  a n d  r e t r e a t  is followed b y  o r  ends 
in  a  s h o r t  re la tiv e ly  w arm  p e rio d . A t th e  ra p id  rise  in  sea-level, th e  ocean  covers 
a r e la t iv e ly  large area  of sh a llo w  coasta l seas w h ich  p rov ide  re la tiv e ly  w a rm  
a irm a sse s . T h erea fte r th e  la n d m a ss  begins to  rise  a n d  em erge as is h a p p e n in g  
to d a y  a ro u n d  th e  B altic  S ea  a n d  H ud so n  B ay . H o w ev er, i t  m u st b e  s tre s se d  
t h a t  i t  is  u n reaso n ab le  to  e x p e c t a h igh lan d  m ass to  reco v er th e  a lt i tu d e  i t  h a d  
b e fo re  t h e  ice-sheet fo rm ed  u p o n  i t .  The h ig h la n d  h as  been  scraped  c le a n  o f 
m o st lo o se  surface m a te ria l a n d  co m p en sa to ry  iso s ta tic  reb o u n d  co u ld  on ly  
o ffse t a  f ra c tio n  of th is  loss o f  su rface  h e ig h t. I n  a d d itio n  i t  is possib le  t h a t  
reg io n s  p e rip h e ra l to  th e  m a in  ice -accu m u la tio n  reg io n  w ould rise  s lig h tly  
d u r in g  g la c ia l advances an d  p e rh a p s  sink  s lig h tly  a f te r  ice -re trea ts  in  a n tip h a se  
to  th e  r is e  a n d  fall b e n e a th  th e  cen tre  of th e  ice -sh ee t. These co n sid e ra tio n s ,
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Schem atic diagram of regional ice-advance and retreat 
in glaciophobe topography in 50e— 90°latitudes

--------»T im e scale o f ab o u t 40 000  years

Dominant ice-sheet process 
accumulation : expansion : melting

Fig. 7. Schem atic diagram  of single m ajor ice-advance and  -retreat in a glaciophobe topography 
in  50°—90° latitudes. The effect of a ltitude also includes increase of co n tinen ta lity . Shading

denotes ice-sheet

h o w ever, a re  su b sid ia ry  to  th e  im p o r ta n t  fa c ts  th a t  th e  ch an g e  f ro m  ice-or 
snow -cover to  la n d  cover causes a  la rg e  su d d e n  rise in  te m p e ra tu re  a n d  th a t  
th e  lan d -sea  d is tr ib u tio n  a t  th e  close o f  an  ic e -re trea t will fa v o u r  a  re la tiv e ly  
sh o rt- liv ed  “ w arm ”  period.

So we p o s tu la te  a n  Ice Age cau sed  b y  co n tin en ta l d rif t a n d  p la te  te c to n ­
ics w hich  h av e  re su lted  in  h igh lands a n d  la rg e  landm asses in  p o la r  a n d  sub ­
p o la r  la ti tu d e s . T hese decrease g lobal te m p e ra tu re s  su ffic ien tly  fo r  period ic  
v a r ia tio n s  in  th e  E a r th ’s o rb ita l g e o m e try  to  trigger off ic e -a d v a n ce s  and 
- re tre a ts , th e  n a tu re  an d  e x te n t o f  w h ich  d ep en d  on ice-sheet m ech an ic s , the  
b ro a d  to p o g ra p h y , and  ocean te m p e ra tu re s .

The Im plications for M ankind

T he follow ing suggestions seem  re a so n a b le  w ith  regard  to  th e  p red ic tio n  
o r fo re c a s tin g  o f  fu tu re  c lim ate  in  cool a n d  cold  areas.

1. T h e  p re se n t f lu c tu a tio n s  o f c lim a te  w ith  sho rt cold spells a n d  som e ho t 
d ry  spells a re  th e  com plica ted  v a r ia tio n s  o f  v e ry  com plex c irc u la tio n s  in  w hat 
is p ro b a b ly  a cool in te rs ta d ia l. T h ey  m ig h t b e  regarded  as th e  n o rm .

2. A n y  c lim a tic  change from  cool to  co ld e r will be g rad u a l u n t i l  snow - and 
ice-cover begins to  ex p an d  w hen th e  c lim a te  locally  will d e te r io ra te  rap id ly .
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3. T he onset o f  a  g la c ia l advance will be  b e s t  re v e a le d  by  increases in  th e  
e x te n t  a n d  persistence o f  sn o w  an d  ice. W h a t is n e e d e d  is accurate  know ledge  
o f  th e  g lobal d is tr ib u tio n  o f  ice  an d  snow in  n iv o lin e s  a n d  nivo-days. T h is  h as  
b eco m e possible w ith  s a te l l i te  p h o to g rap h y  b u t  m u s t  also be observed in  th e  
s o u th e rn  oceans.

4. T he possib ility  o f  a  r e tu rn  to  p re -P lio cen e  c lim ates  seems neg lig ib le . 
G re e n la n d  m ay be v u ln e ra b le  b u t  th e  g rea t ice -cu p  o f  A n ta rc tic a  seems b e y o n d  
d e s tru c tio n  on c lim atic  g ro u n d s  alone. T hese g re a t  ice-cups will p e rs is t u n ti l  
e ro s io n  o f  th e ir  p e rip h e ra l m o u n ta in  ram p arts  h a s  lo w e re d  th e ir  surfaces a lm o s t 
to  sea-level. This m ay  m e a n  a lso  u n til erosion o v erco m es an y  effects o f o ro g en e­
sis d u e  to  cru sta l p la te  co n v erg en ce ; or u n til  A n ta r c t ic a  (?  or th e  pole) m oves 
o u t  o f  a  po la r c o n tin e n ta l p o s itio n .

5. In  any  ev en t th e  tim e -sc a le  involved  is o f  th e  o rd e r o f tens o f  m illions 
o f  y e a rs . The tim e-scale  is geo logical or erosional a n d  th e  P leistocene or Q u a te r ­
n a r y  m ig h t well p e rs is t fo r  50  m illion or 80 m illio n  y e a rs .

6 . In  th e  n o r th e rn  h em isp h e re  in d iv id u a l ic e -ad v an ces  and- r e tre a ts  a re  
o f  th e  o rd e r o f 20000 a n d  40  000 years. If, as seem s n o t  im probable  a m a in  ice- 
a d v a n c e  occurs in  10 000 o r  15 000 years hence  i t  w ill be disastrous fo r  m o s t 
la n d s  po lew ard  o f a b o u t 45° la t i tu d e  N o rth  a n d  S o u th  a n d  those w ith in  a b o u t 
one  th o u sa n d  m etres o f  th e  p re se n t p e rm a n e n t sn o w lin e . B u t i t  m ay  w ell be 
b en e fic ia l clim atically  fo r la n d s  nearer th e  tro p ic s  b ecau se  o f a s ligh tly  cooler 
c lim a te  an d  in  all c o a s ta l s ta te s  because of th e  e x p o su re  o f shallow su b -m arin e  
c o a s ta l  f la ts .  The h u m a n  n e e d  in  subpolar c iv iliz a tio n s  is to  conserve all n a tu ra l  
fu e ls  o r  to  develop new  p o w e r resources.

7. A  problem  w ith  r e g a rd  to  th e  p red ic tio n  o f  fu tu re  clim ate in  cool a n d  
co ld  reg ions is w h e th e r th e  p re se n t clim ate is co n s id e re d  to  be an  in te rs ta d ia l  
— o r  less cool phase in  a  g la c ia l  period — or th e  b e g in n in g  o f an  in te rg lac ia l o r 
s l ig h tly  w arm er phase . S om e sc ien tists reg a rd  th e  p re se n t as an  in te rg la c ia l 
a n d  p re d ic t  an  u n u su a lly  lo n g  d u ra tio n  for w h a t t h e y  describe as “ th e  p re se n t 
in te rg la c ia l  period in  th e  n o r th e r n  hem isphere”  [17]. T h e ir  reasons are  t h a t  th e  
E a r th  is en te ring  a 120 к  a  (120 000 year) lo n g  in te r v a l  of excep tionally  low  
o r b i ta l  eccen tric ity  d u rin g  w h ic h  sum m er in so la tio n  m in im a  will be less e x tre m e  
a n d  t h a t  th is  cond itio n  co in c id es  w ith  “ one o f  th e  q u ite  in frequen t a n d  o th e r ­
w ise n o rm a lly  sh o rt P le is to c e n e  in terg lacial p e rio d s  w h en  little  co n tin e n ta l ice 
is p re s e n t”  [17]. H o w ev er, p ro b a b ly  the  m a jo r ity  o f  sc ien tis ts  w ould co n sid e r 
th e  p re se n t an  in te rs ta d ia l  b ecau se  of the  ex is te n c e  o f  v a s t  ice-shelves a t  sea- 
le v e l in  th e  A rctic an d  A n ta rc t ic  and  th e  s tre n g th  o f  th e  G reenland a n d  S o u th  
P o la r  ice-cups.

8 . A n in te rs ta d ia l w o u ld  be slowly te rm in a te d  b y  th e  onset o f p e rig lac ia l 
w e a th e r  an d  th e  g ra d u a l re -ap p earan ce  o f ice sh e e ts  an d  perm afrost in  s u b ­
p o la r  reg ions. A dev e lo p in g  in te rg lac ia l period  w o u ld  p resu m ab ly  be ac c o m p a ­
n ie d  b y  on ly  a sm all rise  in  s e a  level because, as s a id , th e  g rea t ice-cups o f  A n t­
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a rc tica  and  G reen lan d  seem  la rg e ly  in d e s tru c tib le . I f  a m o st u n lik e ly  c a ta s ­
tro p h e  such as a la rg e  sh if t o f  A n ta rc tic a  or o f  th e  poles cau sed  th o se  ice-cups 
to  m elt, sea level w o u ld  rise  b y  ab o u t 65 m e tre s  an d  n e a r ly  one th ird  o f th e  
w orld’s to ta l  p o p u la tio n  w ould  be e ith e r d isp laced  o r defended  b y  seaw alls [18].
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Р А Ц И О Н А Л Ь Н А Я  Т Е О Р И Я  О Б  И З М Е Н Е Н И Я Х  К Л И М А Т А  И С Д Е Л А Н Н Ы Е
В Ы В О Д Ы

Р. П. БЕКИНСЕЙЛ

Р е з ю м е

А в т о р  вы двинул гипотезу  о л ед ен и я , вы званного м и гр ац и ей  м атериков  и тектоникой 
п л и т , в  р езу л ьтате  которы х н а  п о л я р н ы х  и субполярны х  ш и р о та х  ф о р м и р о вал и сь  горны е 
м ас с и в ы  и  крупны е м атериковы е м ассы . В связи  с  этим  п р о и зо ш л о  ум еньш ение гл о б ал ь ­
н ы х  тем п ер ату р  до степени, д о стато чн о й  д л я  периодических  изменений в орбитальной  гео­
м ет р и и  зем ного  ш ара. Этим и зм ен ен и ям и  и бы ли обусловлены  п р о д ви ж ен и я  вперед  и 
о т с т у п л е н и я  ледников, но х а р а к т е р  и  величина этих дви ж ен и й  за в и с ел и  от м ех ан и ки  л е д я ­
н ы х  п о к р  овов, от топограф ической  обстановки и  от тем п ер ату р  океани ческих  вод.
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APPLICATION OF CYCLICITY AND RHYTHM 
IN EARTH STRUCTURAL RESEARCH

By

G y . B a r t a

DE PARTMENT OF GEOPHYSICS. EÖTVÖS LORÄND UNIVERSITY, BUDAPEST

Secular m agnetic variations weaken and  strengthen sim ultaneously on a global 
scale. The global va lid ity  of this variation can be  dem onstrated  only in  a su itable coor­
dinate system  since the  da ta  of observatories are  valid  only of the restric ted  neighbour­
hood of the observatories themselves. T hus, a coordinate system  free of anthropogenic 
errors is needed.

On th e  occasion o f  p rev ious C onferences on  M ateria l an d  E n e rg y  F low s I 
rep o rted  on a few re su lts  o f  research  concern ing  th e  s tru c tu re  o f  th e  E a r th  and  
I  p o in ted  o u t t h a t  specia l h u m an  view s dev e lo p ed  ow ing to  th e  co n tin u o u s 
m u tu a l in te ra c tio n  b e tw een  m an  and  n a tu re  as w ell as ow ing to  th e  d im ension  
o f m an  m ay  s ig n ifican tly  m islead  th e  re sea rch . W e h av e  know n fo r ages t h a t  th e  
E a r th  is spherica l, nev erth e less  i t ,  h ap p en s fre q u e n tly  th a t  ev en  d u rin g  our 
sc ien tific  researches o u r considera tions are f ix e d  to  tw o  d im ensiona l ch a rts . 
W e m ake co rrespondences, e.g. to  th e  six b ig  anom alies o f th e  geoid  figu re , 
we assign six d e n s ity  inhom ogeneities, since w e h av e  n o t ev en  th o u g h t t h a t  
th ese  w ould  be b ro u g h t ab o u t b y  large-scale  g lobal anom alies reach in g  all 
p o in ts  o f th e  E a r th ’s su rface , so th a t  we h a v e  to  ta k e  in to  ac c o u n t th e  effect 
o f  th e  anom alies on  th e  an tip o d a l po in ts , to o . T h u s , in s te a d  o f  a  re a l in te rp re ­
ta t io n  o f th e  globe w e t r y  to  exp la in  o u r o b se rv a tio n a l re su lts  on  sh ee ts  o f 
ch a rts  an d  so we d is to r t  th e  m a te ria l b a c k g ro u n d  o f phenom ena .

T he sam e erro n eo u s v iew  p o in t is re p re se n te d  in  th e  in v e s tig a tio n  o f 
secu lar m ag n e tic  v a r ia tio n  by  th e  m e th o d  o f w h ich  we t r y  to  d raw  conclusions 
concern ing  th e  p h y s ica l fea tu res  o f th e  secu la r v a r ia tio n  b ased  on  th e  p ic tu res  
o f  th e  sing u la r m ag n e tic  com ponents. A n d  th e  sam e is th e  case w ith  th e  d is tr i­
b u tio n  or w ith  th e  g enera l p ro p erties  o f t h a t  v a r ia tio n . N am ely , th e  p h en o m en a  
are  n o t p ro d u ced  w ith in  th e  singu lar co m p o n en ts , b u t  i t  is th e  to ta l  m ag n e tic  
fie ld  v ec to r w hich  changes its  d irec tion  an d  m a g n itu d e , an d  th e  decom p o sitio n  
in to  com ponen ts an d  th e  rep re se n ta tio n  on m ap s is o n ly  a te c h n ic a l n ecess ity  
o f m easu ring  an d  re p re se n ta tio n .

T hus, th e  v a r ia tio n  shou ld  n o t be re p re se n te d  b y  its  s ing u la r co m p o n en ts  
on m aps, b u t  r a th e r  w e shou ld  look a t  th e  p h y s ica l p h en o m en a  ta k in g  p lace  in  
th e  in te r io r  o f th e  E a r th  in  a coo rd in a te  sy s te m  v a lid  for th e  w hole E a r th ,  if  
we w a n t to  get an  answ er o f general v a lid ity  fo r th e  questions ris in g  d u rin g  th e
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re s e a rc h . Therefore, we h a v e  to  be  carefu l in  d e fin in g  o u r p rob lem s so t h a t  we 
c o u ld  o b ta in  th e  answ er o f  th e  n a tu re  in  an  u n d e rs ta n d a b le  m a n n e r a n d  we 
sh o u ld  b e  able to  m in im ize  th e  p itfa lls  b e in g  in h e re n t in  an th ro p o m o rp h ic  
m a n n e r  o f  th ink ing .

A n  ideal, fu lly  o b jec tiv e  th in k in g  can  be o n ly  ap p ro x im a te d  an d  i t  c a n n o t 
b e  fu l ly  realized , since w e a re  m e n  an d  n o t  a n ts  w ith  th e ir  fu lly  m ech an ized  
w a y  o f  th in k in g . B u t th e  re c o g n itio n  o f  th e  re s tr ic tio n s  on  our th in k in g  d u e  to  
o u r  n a tu r e  as h u m an  beings is a lre a d y  a g re a t s te p  fo rw ards an d  th e  h is to ry  o f  
s u rm o u n tin g  th e  d e lim ita tio n s  is in  re a l i ty  th e  h is to ry  o f  m a n ’s sc ien tific  
d e v e lo p m e n t.

P h en o m en a  o f n a tu ra l  sciences ta k e  p lace  in  sp ace  an d  tim e ; in  th e  course 
o f  th e m  o n e  can  en co u n te r s p a tia l  an d  te m p o ra l re p e titio n s , w hich  can  b e  called  
cy c les  a n d  rh y th m s, re sp ec tiv e ly . I n  th e  sy s tem  o f  m a th e m a tic a l n o ta tio n s  th ese  
a re  g e n e ra lly  expressed  in  th e  fo rm  o f period ic  fu n c tio n s . In  o rd e r to  e lim in a te  
th e  a n th ro p o m o rp h ic  e rro rs  o f  th e  re sea rch  i t  is w orth w h ile  to  h a v e  reco u rse  
to  th e s e  descrip tions w h ich  re f le c t th e  n a tu re  b a sed  on  o b se rv a tio n a l d a ta  
a n d  p e rh a p s  th e  h id d en  co n n ec tio n s  o f  p h en o m en a  can  be b e tte r  rev e a le d  in  
th is  m a n n e r .

I n  th e  course o f m y  in v e s tig a tio n s  o f  m ore th a n  th re e  decades, I  becam e 
f i r s t  o f  a ll a tte n tiv e  to  an  o sc illa tio n  w ith  a  p e rio d  o f  h a lf  a  c e n tu ry  in  th e  secu­
la r  v a r ia t io n  o f th e  te r re s tr ia l  m ag n e tic  fie ld . T h e  p h enom enon  cou ld  b e  well 
d e te c te d  in  th e  d a ta  series o f  v a rio u s  o b se rv a to rie s , b u t  no re g u la r ity  v a lid  for 
th e  e n t i r e  E a r th  could be fo u n d . T h e  d ifficu lty  — as s ta te d  la te r  on  — h a d  been  
c a u s e d  b y  th e  in a p titu d e  o f  th e  c o o rd in a te  sy s te m  app lied . T he o b se rv a to rie s  
n a m e ly  a re  carry ing  o u t th e i r  m ag n e tic  m easu rem en ts  in  th e  fram e o f th e ir  ow n 
c o o rd in a te  system s (w ith  ax es to w ard s  N , E  a n d  in  th e  ve rtica l). T h ese  are 
v a lid  o f  course on ly  in  th e  lo ca litie s  o f o b se rv a to rie s  an d  d a ta  o f ob se rv a to rie s  
s i tu a te d  a t  g rea t d is tan ces  one from  a n o th e r  c a n n o t be co m p ared  (F ig . 1).

B u t  i f  we look a t  th e  o sc illa tio n  p re sen tin g  its e lf  in  all co m p o n en ts  in  a 
th re e -d im e n s io n a l w ay , i t  beco m es im m ed ia te ly  o b v ious th a t  th is  p e rio d  w ill be 
b r o u g h t  a b o u t b y  a he lical m o v e m e n t o f th e  e n d -p o in t o f  th e  m ag n e tic  v e c to r  
c a r r ie d  o u t  in  th e  course o f  th e  secu la r v a r ia tio n . A n d  i f  we s tu d y  th e  p h en o m e­
n o n  in  a  coo rd ina te  sy s tem  d e te rm in e d  b y  th e  space  cu rve  described  b y  th e  
e n d -p o in t  o f th e  m agnetic  v e c to rs  o f  th e  v a rio u s o b se rv a to rie s  ( th e  axes o f  w hich  
a re :  t h e  ta n g e n t, n o rm al a n d  b in o rm a l o f th e  cu rv e), we soon becom e aw are  o f 
th e  g e n e ra l ch a rac te r o f th e  p h en o m en o n ; th e  d ire c tio n  o f c ircu la tio n  on  th e  
h e lix  is  clockw ise an d  th e  se c u la r  m ag n e tic  v a r ia tio n  is w eaken ing  a n d  s tre n g ­
th e n in g  s im u ltan eo u sly  o n  th e  w hole E a r th .

W h e n  apply ing  th e  n ew  co o rd in a te  sy s te m  we cou ld  s ta te  — in  a d d io to n  
to  th e  sim p le  s ta te m e n t o f th e  ex is ten ce  o f  a rh y th m  p re sen tin g  itse lf  in  th e  v a r i­
o us co m p o n en ts  — also th e  s im u ltan eo u s  w eaken ing  a n d  s tre n g th e n in g  o f  th e  
s e c u la r  m ag n e tic  v a r ia tio n  on  th e  w hole E a r th .  T he sam e period  could  be d e te c te d
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also in  th e  ro ta t io n  p h en o m en a  o f th e  g lobe  (in  th e  v a ria tio n  o f  th e  r o ta ­
tio n a l speed  a n d  in  th e  o sc illa tion  of th e  p o la r  h e ig h t) , an d  we h a v e  h ere  also 
p h en o m en a  v a lid  fo r th e  w hole o f th e  E a r th  (F ig . 2). This coincidence o f  periods 
suggests th e  su p p o s itio n  t h a t  th e  secular v a r ia t io n  o f  th e  te r re s tr ia l  m ag n e tic  
fie ld  m ig h t he  c o n n e c te d  w ith  large-scale m ass  m ovem en ts ta k in g  p lace  in  th e  
E a r th ’s in te rio r .

I f  th e  h a lf -a -c e n tu ry  long  rh y th m  o f th e  secu la r  m agnetic  v a r ia t io n  w hile 
b e in g  on ly  a  p a r t ia l  p h en o m en o n  possesses fe a tu re s  o f  such a  g enera l v a lid ity , 
th e n  we m u s t conc lude  t h a t  th e  en tire  v a r ia t io n  be  also an  even  m ore  general 
phenom enon . In tro d u c in g  a  general c o o rd in a te  sy stem  v a lid  fo r th e  en tire  
E a r th ,  we a re  in d e e d  ab le  to  d e tec t th a t  th e  m a g n e tic  secular v a r ia tio n  h as  a
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h ig h  o rd e r  sym m etry  a ro u n d  a p o in t in  In d ia . I t  is rem ark ab le  th a t  th e  m a g n e t­
ic  d ip o le  o f  th e  E a r th  is e c c e n tr ic  to w ard s A u s tra lia  an d  th is  d ipole is d r if tin g  
w e s tw a rd s , i.e. tow ards In d ia  in  th e  course o f  th e  secu lar v a r ia tio n . B y  th is  
th e  g e n e ra l considera tion  g iv e n  above concern ing  a m ass m ovem ent c o n n e c te d  
w ith  th e  secu lar m agnetic  v a r ia t io n  ob ta in s  a  re a l m ean ing ; nam ely , th e  eccen ­
t r ic  in n e r  core of th e  E a r th  is m ov ing  w ith in  th e  m a te r ia l of th e  o u te r  co re  to ­
w a rd s  In d ia  bringing a b o u t flow s th e re  in  th e  p lasm a-lik e  m a te ria l c a u s in g  th u s  
th e  s e c u la r  m agnetic v a r ia t io n  (F ig . 3).

T h e  sh ifting  of th e  m a ss-a sy m m e try  in flu en ces also the  sh ap e  a n d  p ro ­
cesses o f  th e  E a rth  an d  th e  a n o m a ly  sy stem  o f th e  geoidal figure c o n s is tin g  of 
6  m e m b e rs  is, as a m a tte r  o f  f a c t ,  due  to  tw o  la rge-scale  anom alies each  o f  w hich  
d e fo rm in g  th e  whole b o d y  o f  th e  E a r th . T he geo idal anom alies o f th e  te m p e ra te  
la t i tu d e s  are  consequences d ire c t o f these  tw o  anom alies. T hus, b y  s e p a ra tio n  
o f  s p a t ia l  cycles we are ab le  to  s ta te  th e  e ssen tia lly  sim ple physical b a c k g ro u n d  
o f  a n  a p p a re n tly  com plex a n o m a ly  system  (F ig . 4).
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T hus, we c a n  see th a t  in  th e  co u rse  o f  th e  research  in te rp re ta t io n  can  be 
b ased  on  th e  se p a ra tio n  o f cycles in te rc o n n e c te d  w ith  an d  su p e rp o sed  on  each 
o th e r. A  su ita b le  choice o f th e  c o o rd in a te  sy s te m  is o f course a n  im p o r ta n t  basis 
o f a f ru itfu l re sea rch .

O ur c o n sid e ra tio n s  have n o t b e e n  su p p o r te d  — of course — so le ly  b y  th e  
coincidence o f  perio d s, th is  hav ing  se rv e d  o n ly  as a guide fo r s ta r t in g  a n d  dev e l­
oping  th e m . A  pow erfu l arg u m en t fo r  th e  supposition  can  b e  ta k e n , e.g. th e  
fa c t th a t  i t  p ro v id es  a  background  in  a  u n ifo rm  m anner co n cern in g  b o th  th e  
s tru c tu re  o f  m a g n e tic  as well as g r a v i ty  fie ld s , po in ting  to  th e  asy m m etric  
s tru c tu re  o f  th e  E a r th ’s core. I t  is a lso  a n  essen tia l a rg u m en t o f  p rin c ip le  th a t  
th e  m ain  fo rm s o f  th e  geoidal fig u re  re p re se n te d  on th e  c h a rts  cou ld  be  com ­
p u te d  b y  b as in g  th e  ca lcu lation  m ere ly  o n  th e  equato ria l d a ta  sy s te m  (i.e. on a
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d a ta  s y s te m  ta k e n  along one s in g le  g re a t c irc le).T h is a rg u m e n ta tio n  is so m ew h a t 
r e la te d  to  th e  p rov ing  m eth o d  u se d  fre q u e n tly  in  sc ien tif ic  research , acco rd in g  
to  w h ic h  a  ph en o m en o n  fo re c a s t on  th e  basis o f  a h y p o th e s is  will th e n  b e  o b ­
se rv ed .

O u r  su p p o sitio n  is s u p p o r te d  b y  a fu r th e r  series o f  form al a rg u m e n ts . 
T h e  p o in te d  en d  o f th e  ro ta tio n -sy m m e tr ic  geoid  a n o m a ly  on  th e  A u s tra lia n  
side is d ire c te d  tow ards A u s tra lia  on  all th e  geo idal c h a r ts  com puted  b y  a n y  
a p p ro x im a tin g  m ethod . I f  we c o m p u te  th e  p o te n tia l  su rface  o f  a spherical m ass  
h a v in g  a n  asy m m etric  in n e r  co re  o f  h ig h er d e n s ity , th e n  th e  ob ta ined  (n e a r ly  
e llip tic a l)  ro ta tio n -sy m m e tic  fo rm  h as a p o in ted  e n d  in  th e  d irection  o f  th e  
a s y m m e try  o f  th e  sam e d ire c tio n a l fea tu res  as th e  m ag n e tic  one.
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T he axes o f  po sitiv e  an d  n e g a tiv e  a n o m a ly  p a irs  of th e  te m p e ra te  la t i ­
tu d e s  a re  converg ing  to w ard s  N ,  in d ic a tin g  t h a t  th e  source of g ra v ity  anom alies 
is s i tu a te d  n o r th w a rd  fro m  th e  e q u a to r ia l p la n e  in  th e  sam e m a n n e r  as i t  is 
show n b y  m a g n e tic  m easu rem en ts .

A lso th e  e x p la n a tio n  o f  special fe a tu re s  o f  th e  in d iv id u a l f ie ld s  becom es 
s im p le r o n  th e  basis  o f  o u r co n sidera tions. B y  th e  app lica tion  o f  ro ta t io n -s y m ­
m e tr ic  anom alies o f  a  general positio n  th e  d e v ia tio n  o f th e  fo rm s o f  n o r th e rn  
a n d  s o u th e rn  hem ispheres w ill d isap p ear. I n  th e  sam e m an n er th e  p o la r  f l a t ­
te n in g  o f  th e  E a r th  o f asy m m etric  s tru c tu re  is n e a re r  to  th e  s ta te  o f  h y d ro s ta tic  
eq u ilib riu m , th a n  th e  cen tra l-sy m m etric  one.

T h u s , we can  see th a t  th e  co n firm in g  a rg u m en ts  p resen t th e m se lv e s  in  
th e  fo rm  o f m u tu a l m u ltip le  co rrespondences, b u t  th e  s ta r tin g  a n d  d irec tin g  
id e a  is th e  ag reem en t o f  periods an d  r h y th m s , in  p a rtic u la r  th e  p o ss ib ility  of 
a t t r ib u t in g  th e m  to  m o st sim ple p h ysica l fa c ts . T he dim ensions o f  cycles and  
rh y th m s  m ay  be ta k e n  as ch a rac te ris tic  o f  sing le  science groups; th e  reco g n itio n  
o f  th is  fa c t m a y  su p p o rt in d iv id u a l re sea rch  a n d  can  serve to  e lim in a te  re s tr ic ­
tio n s  posed  b y  a  p o ssib ly  in co rrec t a n th ro p o m o rp h ic  v iew poin t.

К  П Р И М Е Н Е Н И Ю  Ц И К Л И Ч Н О С Т И  И  РИ Т М О В  В  И С С Л Е Д О В А Н И Я Х  С Т Р У К Т У Р Ы
З Е М Л И

Д Ь . БА РТА  

Р е з ю м е

Д олговечны е изм енения м агнитного п о л я  п р ед став л яю т  собою о с л а б л е н и я  и у си л и ­
в ан и я , прои сходящ ие одновременно в гл о б ал ьн ы х  м асш табах. С праведли вость этой з а ­
коном ерности  в  глоб альны х  м асш табах м ож но  д о к а за ть  графическим п утем  то л ьк о  при 
н а л и ч и и  соответствую щ ей системы координ ат, т а к  к а к  данны е обсерваторий справедливы  
то л ь к о  д л я  ограниченного р ай он а, ок р у ж аю щ его  обсерваторию . Т аким  образом , необхо­
дим о и м еть  систем у координ ат, лиш еьую  ан тр о п о ген н ы х  погреш ностей.
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MASS AND ENERGY FLOW IN SOIL FORMATION

By

I . S z a b o l c s

RESEARCH INSTITUTE FOR SOIL SCIENCE AND AGRICULTURAL CHEMISTRY 
OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

Most of the  substances and energy produced by living organism  are  s to red  in the 
soils. Annual climatic and  biological cycles p lay  an im portant p a r t  in  soil formation. 
However, the period of the complete developm ent of a soil profile is m u ch  longer, by 
about two orders of m agnitude.

!» The bulk of th e  required energy is needed for biological, resp. biogeocenological 
processes. The m ain source of energy is solar irradia tion , which is a  fu n c tio n  of climate.

An overwhelming p a r t of the to ta l m ass of vegetation is rep resen ted  by  the roots.
The soil cover reta ins a num ber of v ita lly  im portant elem ents, p reven ting  their 

tran spo rta tion  into th e  ocean.
H um an activ ity  influences considerably th e  m atter and energy exchange of soils. 

In  th e  fu ture , this should be done in  a  m ore conscious way, in view o f env ironm ent pro­
tection . This scientific approach justifies a m ore detailed study o f th e  cyclic processes.

T he processes o f  soil fo rm a tio n  ta k e  p lace  in  th e  th in  u p p e r  la y e r  o f the 
E a r th ’s c ru s t. D uring  th e se  processes th e  c ru s t undergoes s u b s ta n c ia l  changes 
due  to  th e  ac tiv ities  o f  a g rea t n u m b e r o f  b o th  b io tical and n o n -b io tic a l factors. 
In  th e  course o f  above processes th e  co m p lex  effect o f biological a n d  non-biolog- 
ica l fac to rs  develop th e  soil as a specific  fo rm a tio n  of n a tu re .

T he w ea th ered  rocks an d  sed im en ts  a re  th e  p a ren t m a te r ia ls  o f  soil fo rm a­
tio n , how ever, b io logical processes a re  e ssen tia l w hen c o n s titu tin g  soils jo in tly  
w ith  a b io tica l fac to rs.

I n  w ider sense, in c lud ing  seashores also  am ong th e  soil fo rm in g  m ateria ls  
th e  a d v e n t o f soil fo rm a tio n  is q u ite  close in  tim e  to  th e  a p p e a ra n c e  o f  life in 
o u r G lobe. As soon as life ap p eared  on  th e  E a r th  th e  biological p ro cesses  resu lted  
in  p ro d u c ts  w hich are  fu n d a m e n ta l in  th e  soil fo rm atio n . P ra c tic a l ly , the 
d ev e lo p m en t o f soils s ta r te d  w ith  th e  b eg in n in g  o f life. Since th e n  th e  biological 
processes h av e  been  in  th e  closest c o n n e c tio n  w ith  soil fo rm a tio n .

In  th e  system  o f soil-living o rg an ism s th e  role of th e  soils is  to  su p p ly  the  
p la n ts  an d  ce rta in  m icro-organism s w ith  n u tr ie n t e lem ents a n d  w a te r . This 
c a p a b ility  c o n stitu te s  th e  fe r tility  o f  soils. D uring  th e  v e g e ta t io n  o f  p lan ts  a 
c e r ta in  q u a lity  and  q u a n ti ty  o f  su b stan ces  a n d  energy are tr a n s f e r r e d  from  the  
soil to  th e  p la n t ro o ts . M ost p a r t  o f  th e  m ass an d  energy w h ic h  n u rish es  the 
w hole liv ing  w orld  a fte r  tra n s fo rm a tio n  a re  s to red  in  th e  soil o r  o n  th e  surface 
o f soils in  p lan ts  and  crops.
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T h e  soils them selves — in  sp ite  of th e ir  close r e la t io n  w ith  th e  b io sp h ere  
— a re  reg a rd ed  as n o n -liv in g  su b stan ces for th e  la c k  o f  s ign ifican t p ecu lia ritie s  
o f  l iv in g  organism s (b ir th , d e a th ,  growing, e tc .) . T h e  soil toge ther w ith  liv in g  
s u b s ta n c e s  co n stitu te  a  l im i te d  ecosystem , in  w h ic h  a ll th e  livings a n d  soils 
h a v e  th e i r  own functions a n d  co rre la tio n s w ith  th e  o th e r s .  As a consequence, th e  
soils a n d  liv ing  organism s t u r n  o u t  to  be in  a c lose , m u tu a l  in te rac tio n  d u rin g  
th e i r  p rocesses of m e ta b o lism . I t  is clear th a t  th e  p o ss ib le  destru c tio n  o f  e ith e r  
o f  th e m  h as a su b s ta n tia l in f lu e n c e  on the  o th e r  c o m p o n e n ts  of th e  ecosystem . 
I n  T a b le  1. th e  chem ical c o m p o s itio n  of th e  lito sp h e re  a n d  th a t  of th e  soils a re  
d e m o n s tra te d  (after V i n o g r a d o v ).

I t  show s th a t  th e  so ils , w hich is p a r tly  a p ro d u c t  of w ea th e rin g  o f  
ro c k s , o f te n  rem inds o f  th e  l i th o sp h e re  as to  i ts  c h e m is try . A ctually , soils co n ­
t a i n  m o re  silicon and  less sex q u io x id s , th a n  ro ck s . H ow ever, concern ing  th e  
c a r b o n  an d  n itrogen  c o n te n ts  o f  soils th e  p e rc e n ta g e  o f  these elem ents are  
fo u n d  to  have  surpassed  th o s e  o f  th e  litosphere w i t h  a t  le a s t one order o f  m a g ­
n i tu d e .  T h is is one o f th e  r e s u l ts  o f  biological p ro cesses  t h a t  p lays an  im p o r ta n t  
ro le  in  soil fo rm ation . T h e  b io m a ssa  in  soils also  e x p la in s  th is  phenom enon . 
T h o u g h  th e  con ten t o f  in o rg a n ic a l  substances in  so ils exceeds th a t  o f o rg an ic  
o n es , s t i l l  th e  la t te r  ones a re  ind ispensab le  p a r ts  o f  so ils.

I n  T ab le  2 th e  a v e ra g e  ch em istry  of th e  a tm o sp h e re , hydrosphere , l i to ­
s p h e re  a n d  some liv ing  o rg a n ism s  is d em o n stra ted  (a f te r  L o t k a ).

T h e  d a ta  of T ab le  2 sh o w  th e  differences b e tw e e n  lito -, hydro- an d  a tm o ­
sp h e re  fro m  one side a n d  th e  liv in g  organism s fro m  th e  o ther.

C om paring  T ab le  1 a n d  T ab le  2, i t  com es to  l ig h t  th a t  soils, re g a rd in g  
th e i r  chem ical com position , a re  in  a tran s itio n a l p o s it io n  betw een  liv ing  a n d  
n o n - liv in g  world. W h en ev e r t h e  cyclicity  of soil fo rm in g  processes is s tu d ie d

Table 1

Chemical composition o f  rocks and soils ( V i n o g b a d o v ,  1959)

E le m e n t R ocks
%

S o ils
%

E lem ent R o c k s
о//о

Soils
%

0 47.2 49.0 c (0.1) 2.0
Si 27.6 33.0 s 0.09 0.085
A1 8.8 7.13 Mn 0.09 0.085
Fe 5.1 3.8 p 0.08 0.08
Ca 3.6 1.37 N 0.01 0.1
Na 2.64 0.63 Cu 0.01 0.002
К 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 o f terrestrial matter, corn and human body

Chem ical
e lem en t

A v e ra g e  c o m p o sitio n  o f 
te r r e s t r i a l  m a t te r ,  in  per 

c e n t ,  in c lu d in g  atm o* 
s p h e re , l ito sp h e re  an d  h y ­
d ro sp h e re  ( th e  soil m ass)

A verage c o m p o s itio n  o f  
a  c o m  p la n t ,  in  p e r  c e n t 

(d ry  w e ig h t)

A verage  c o m p o s itio n  o f  
th e  h u m an  b o d y , in  p e r 

ce n t (d ry  w e ig h t)

0 46.48 44.57 29.13
Si 27.60 1.17 0.00
A1 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
К 2.56 0.92 0.90
M g 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
c 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

th e se  processes m u s t  b e  p laced  close to  th e  liv in g  organism s. T h e  sam e ru le  
ex ists  as to  th e  s i tu a t io n  o f  soils in  th e  h ie ra rc h y  o f  n a tu ra l fo rm atio n s.

The p e rio d ic ity  o f  soil form ing processes is s im ila r to  t h a t  o f  liv in g  su b ­
stances. E v id e n tly , a  g re a t p a r t  o f p o te n tia l  en e rg y  in  th e  soils is b o u n d  to  
la t t ic  layers o f  so il m in e ra ls  or o th e r n o n -o rg a n ic  su bstances. T h e  en erg y  o f 
h y d ra ta tio n  p lay s  a  decisive  role in  th is  a sp e c t.

In  o rder to  su p p ly  th e  p lan ts  w ith  th e  n ecessa ry  n u tr ie n t  e lem en ts  an d  
w ith  w a te r  th e  soil h a s  to  accum ulate  m ass  a n d  energy  th ro u g h  th e  p h o to ­
sy n th e tic  processes o f  p la n ts . As i t  is w ell-k n o w n  p la n ts  are cap ab le  o f  th e  
tra n s fo rm a tio n  o f  so la r  energy  s in te tiz ing  c a rb o h y d ra te . A fte r th e  v e g e ta tio n  
period  a g rea t p a r t  o f  th e  b iom assa rem ain s in  th e  soil. T he b io logical a n d  non- 
biological tra n s fo rm a tio n s  o f p la n t tissu es  a re  follow ed b y  th e  fo rm a tio n  of 
h u m u s su b stan ces c o n s titu tin g  th e  organic p a r t  o f  soils. S u b s ta n tia lly , th e  m ass 
an d  energy  o f  th is  m a te r ia l  are th e  sources o f  so il fe r tility . I n  T ab le  3 th e  o rg an ­
ic  m a tte r  c o n te n t o f  d iffe re n t ecosystem s is  d e m o n s tra te d .

T ab le  3 show s t h a t  a  large q u a n tity  o f  h u m u s  can  be fo u n d  in  th e  soils 
o f d iffe ren t e co sy stem s, t h a t  surpasses w ith  a t  le a s t one o rd e r o f  m ag n itu d e  
th a t  of overg round  p h y to m ass .
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Table 3

Organic matter content in  different ecosystems, tjhu

T y p e O v erg ro u n d
p h y to m a e s

H u m u s

Coastal Marshes and  terrestrial 
swamps 1 0 -2 0 128

Tundra 3 - 1 0 320
Taiga 270 100
Grasslands 16 355

Table 4

Ratio o f  biomass of the overground parts o f  plants to the roots (V. A. K o v b a ; I. S z a b o l c s ,  1971)

V e g e ta t io n R a tio

Tundra 1 : 8 ,1  : 6
Taiga 4 : 1
Forest steppe 3 : 1

Chernozem Grasslands 1 : 9
Association o f chernozems and meadow 

soils 1 : 6
Solonetz soils 1 : 20

I n  T a b le  4 the  ra tio  o f th e  b iom ass of th e  o v erg round  p a r ts  o f p la n ts  to  
th e  ro o ts  is  dem o n stra ted .

T h e  d a ta  of T able 4 m a k e  i t  clear th a t  in  m o st ecosystem s th e  ra tio  
b e tw e e n  th e  biom ass o f th e  o v e rg ro u n d  p a r ts  o f  p la n ts  and  th a t  o f th e  ro o ts  
sh if t  t o  th e  favour of th e  l a t t e r  one.

T h e  princip les of soil science  w ere described  ab o u t a h u n d red  y e a rs  ago  
b y  D o k u c h a e v , who d is tin g u ish e d  th e  m a jo r fac to rs  of soil fo rm a tio n  as 
fo llo w s:

1. P a re n t  m ateria l
2 . C lim ate
3. P la n ts  and o th e r o rg an ism s
4. R e lie f
5. T h e  age of soil

T h e  f iv e  factors lis ted  ab o v e  p la y  an  eq u a lly  im p o r ta n t role in  th e  d e v e l­
o p m e n t o f  soils. The m en tio n ed  fa c to rs  c an n o t be s u b s titu te d  b y  one a n o th e r . 
T h e  p r in c ip le s  described b y  D o k u c h a e v  are  b asica lly  tru e  even a t p re s e n t.T h e y  
ca n  b e  ap p lie d  for stud ies i f  in v e s tig a tin g  th e  m ass and  energy flow  o f  so il fo r­
m a tio n .
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U n d er th e  expression  “ p a re n t m a te r ia l”  tho se  lito logical p rocesses are 
u n d e rs to o d  w hich ta k e  p a r t  in  th e  m ass a n d  en e rg y  system  o f soil fo rm in g  p ro ­
cesses. T hese effects are  p a r tic u la rly  due  to  th e  w eathering  o f m in e ra ls  a n d  to  
th e  tra n s p o r t  o f  w ea th e rin g  p ro d u c ts  as i t  w as exp lained  and  i l lu s tr a te d  p re ­
v io u sly  in  th is  p ap er. T he effect o f p la n ts  a n d  o th e r living m a te r ia ls  a re  in te r ­
p re te d  as th e  overa ll in fluence  o f b io log ica l processes in  soil d e v e lo p m en t.

C lim ate  is a decisive fac to r  in  th e  fo rm a tio n  o f soils. I t  in flu e n c e s  no t 
o n ly  o n  th e  v e lo c ity  o f  m ass an d  energy  f lo w  b u t  b y  determ in ing  th e  te m p e ra ­
tu r e  an d  m o istu re  reg im e i t  o ften  has a n  e ffec t on th e  soil fo rm in g  p rocess as 
w ell in c lu d in g  its  d irec tion  and  design, to o . W h en  ta lk in g  ab o u t c lim a te  i t  m ust 
be  em phasized  th a t  th e  lim it va lues o f th e  te m p e ra tu re  and  m o is tu re  in  soil 
fo rm a tio n  are sim ilar to  th o se  o f life p rocesses.

As a consequence o f th e  fa c t th a t  soil fo rm a tio n  is going on a t  th e  surface 
o f  th e  E a r th ,  to p o g ra p h y  exercises a g re a t in flu en ce  on th is p rocess. T h e  shape 
o f  geom orphological p a tte rn s  o f th e  la n d  d e te rm in es  th e  d irec tion  a n d  velocity  
o f  th e  m ass an d  energy  flow  n o t only  o n  th e  surface b u t also in  so m e u p p e r 
la y e rs  o f  th e  soils. T his is in  fu ll acco rd an ce  w ith  D o k t jc h a e v ’s s ta te m e n ts  on 
th e  im p o rta n c e  of to p o g rap h y .

T h e  age o f soils de term ines th e  tim e  fa c to r  of soil fo rm a tio n  processes. 
I t  is v e ry  d ifficu lt to  o rd in a te  ex ac t f ig u re s  as to  th e  age of soils, b u t  no  diffi- 
u l ty  arises w hen  ta lk in g  a b o u t th e  a b so lu te  age o f soils. W ith  th e  h e lp  o f  up- 
to -d a te  m e th o d s (for in s tan ce  w ith  ra d io c a rb o n ) i t  can  be id e n tif ie d . I t  is m uch 
m ore  d ifficu lt to  d e te rm in e  th e  re la tiv e  age o f  soils w ith  m ore o r  less ex ac t 
lig u re s . T he te rm  “ re la tiv e  age”  is m e n t fo r  th e  sequence of th e  series o f soil 
t ra n s fo rm a tio n .

T h e  y e a rly  cyc lic ity  o f c lim ate  p lay s a considerab le  role in  so il fo rm a tio n  
as w ell as th e  cyclic ity  o f biological p rocesses. F o r th e  d ev e lo p m en t o f  a soil 
p ro file  even  longer tim e  is necessary  th a n  th e  changes of tim e in te rw a lls  o f  cli- 
m a tic a l an d  bio logical processes affecting  on  soils.

Table 5
Aridity  — hum idity conditions

H y d ro th e rm ic a l zone In d e x
j ,  p rec ip ita tio n  

n  ev ap o ra tio n

Extrem ely arid A, AB 0.20
Arid B, ВС 0.20-0 .40
Semi-arid c, CD 0.40-0.75
Semi-humid D, D E 0.75-1 .20
Moderately humid E, E F 1.20-1.95
Humid F, FG 1.95-2.90
E xtrem ely humid G 2.90
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Fig. 1. Therm ical belts and bioclim atical regions of the  world. 1. A rctic; 2. Boreal; 3. Sub-Boreal, H um id; 4. Sub-Boreal, Semi-Arid; 
5. Sub-Boreal, Arid; 6. Sub-Tropical, H um id; 7. Sub-Tropical, Semi-Arid; 8. Sub-Tropical, Arid; 9. Tropical, H um id; 10. Tropical,

Semi-Arid; 11. Tropical, A rid; 12. Cryogen
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A ccord ing  to  th e  above-described  th e  c lim atica l cond itions ex p ressive ly  
d e te rm in e  th e  m ass an d  energy  flow  in  soils. I n  T ab le  5 th e  d iffe re n t a r id ity - 
h u m id ity  co n d itio n s are  re flec ted  in  d iffe re n t h y d ro th e rm a l zones.

The^Tn fa c to r  in  T ab le  5 is n am ed  b y  V o l o b u y e v  as a r id ity  q u o tie n t  th a t  
has a  d o m in a n t in flu en ce  on w ea th e rin g  a n d  o n  soil-form ing p rocesses as well 
as o n  th e  ecosystem  as a w hole.

T h e  global d is tr ib u tio n  o f  th e rm ic a l b e lts  and  biochem ical reg io n s are 
re f le c te d  on  F ig . 1.

T h e  m ap  o f F ig u re  1 show s th a t  th e  th e rm ic a l and  b io c lim a tic a l regions 
are  c h a ra c te r is tic  o f  d iffe ren t p a r ts  o f th e  c o n tin e n ts . I t  can  be co n c lu d ed  th a t  
th e  so il cover in  th e  case o f sim ilar p a re n t  m a te ria ls  and  o th e r fa c to rs  m ore or 
less co rresponds to  th e  b e lts  an d  reg ions o f  th is  m ap.

S tu d y in g  th e  v a rio u s  so il-p lan t eco sy stem s in  d iffe ren t th e rm ic a l and  
b io c lim a tica l a reas  considerab le  d iffe rences a re  found  b e tw een  th e  c lim a tica l 
b e lts  as is show n b y  th e  figures. T he p h y to m a ss  an d  te r r i to ry  o f  so il-p la n t eco­
sy s te m s  are  d e m o n s tra te d  in  F ig . 2 in  d if fe re n t areas.

Phytomass 
I09ton ton/hectare

Ocean

Territory 
1.10s km!

Fig. 2. Phytom ass in to n  and  territo ry  of soil-plant ecosystem s in different therm ical- and bio­
clim atical areas. 1. T errito ry  in 109 km 1; 2. P hy tom ass in 109 ton; 3. Phytom ass (ton/hectare)
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F ig u re  2 d em o n stra te s  t h a t  in  d iffe ren t eco sy stem s th e  am o u n t o f  p h y to ­
m ass w ill b e  d iv erse .T he  fig u re  show s th e  p ro d u c tiv i ty  o f  p rac tica lly  all c lim a ti-  
cal b e l ts  in  com parison  w ith  th e  to ta l  b io p ro d u c tiv ity  o f th e  O cean. T h e  p ro ­
d u c e d  p h y to m a ss  in  v a rio u s  ecosystem s are  in  d iffe re n t p ro p o rtio n  w ith  th e  
to ta l  r a d ia t io n  energy  an d  w ith  th e  m o istu re  c o n d itio n s  during  th e  v e g e ta tio n  
p e rio d .

I t  is  w ell know n th a t  th e  p la n ts  u tilize  o n ly  a  p a r t  o f th e  ra d ia tio n  en e rg y  
ev en  u n d e r  o p tim a l co n d itio n s. I n  F igure  3 th e  r a te  o f  ex p lo ita tio n  o f ra d ia t io n  
e n e rg y  in  th e  ecosystem s o f A z e rb a ijan  s tep p e  is re fle c ted  (after V o l o b u y e v ).

F ig . 3 d e m o n s ta te s  t h a t  o n ly  a p a r t  o f th e  so la r  energy  is u tilized , m a in ly  
in  th e  v e g e ta tio n  period  t h a t  is be tw een  M arch  a n d  A ugust in  th e  m e n tio n e d  
te r r i to r y .  A  second p eak  o f  en e rg y  co n su m p tio n  c a n  be found  in  N o v e m b e r, 
D e c e m b e r in  sp ite  o f th e  low  ra d ia tio n  m ain ly  d u e  to  th e  increase in  en e rg y  
c o n s u m p tio n  d u rin g  th e  soil b io log ical processes.

T h e  processes o f  soil fo rm a tio n  and  th e  m ass a n d  energy flow  in  soils a re  
in  a  c lo se  re la tio n  w ith  th e  re sp e c tiv e  values o f  th e  q u a n ti ty  and q u a lity  o f  th e  
b io m a ss . I n  F ig . 4 th e  sc h e m a tic a l p a tte rn  o f  th e s e  in te rre la tio n s is d em o n ­
s t r a te d .

F ig u re  4. gives a p ic tu re  o f  th e  ap p ea ran ce  o f  various soil asso c ia tio n s 
r e m a rk a b ly  d ep en d en t on  th e  ra d ia tio n  b a lance  o f  th e  surface, on one h a n d  a n d  
on th e  q u a n t i ty  o f  energy  co n su m ed  b y  soil fo rm in g  processes on th e  o th e r .

A  g re a t  d iv e rs ity  can  b e  fo u n d  in  th e  q u a n t i ty  o f p o ten tia l en e rg y  o f  
v a r io u s  so ils. This p h en o m en o n  is due to  th e  d iffe re n t soil-form ing p ro cesses  
a s so c ia te d  w ith  a ce rta in  p a t t e r n  o f  m ass an d  e n e rg y  flow . In  Fig. 5 th e  e n e rg y  
c o n s u m p tio n  in  soil fo rm a tio n  is d em o n stra ted .

T h e  d a ta  o f F ig . 5 c o n firm  th e  s ta te m e n ts  t h a t  th e  percen tage  o f  c o n ­
s u m p tio n  o f  th e  to ta l  ra d ia t io n  energy  in  b io log ica l processes varies w ith  th e

Fig. 3. R a te  o f exploitation of rad ia tio n  energy in ecosystem s of steppe in Azerbaijan (U SSR). 
1. Balance of rad iation  of th e  soil surface; 2. E nergy  consum ed by ecosystems
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Fig. 4. Schem atical p a tte rn  of soil-forming processes. R  =  Radiation balance on th e  surface; 
a =  R atio  of rad iation  energy consumed for soil-form ing processes; Q, =  Sum o f energy con­

sum ed b y  different soil fo rm ation /tim e; x  =  Soil associations

90
80
70

60
50 2>4
40 «Ï

О

30 5

Hydro - Belts

Fig. 5. The ra te  of energy  consum ption for biological processes in soil form ation. T he figures 
indicate the percen tage of this value to ta l energy  from  of soil forming processes

change o f  th e rm ic a l a n d  h y d ro  belts. In  g e n e ra l, even  under th e  m o s t a d v a n ta ­
geous h y d ro - an d  th e rm ic a l conditions o n ly  a  sm a ll p a r t  o f th e  r a d ia t io n  en erg y  
can  be u tilized  b y  p h o to sy n th es is .

In  T ab le  6  th e  p o te n tia l  energy o f  d if fe re n t soils can be seen  ca lc u la ted  
on  th e  basis  o f th e i r  h u m u s con ten t.

T h e  d a ta  o f  T a b le  6 confirm  th e  f in d in g s  t h a t  chernozem  soils h a v e  th e  
h ig h est n a tu ra l  p ro d u c tiv i ty . I t  is re m a rk a b le  t h a t  despite  th e  h igh  q u a n t i ty  o f
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Table 6

Potential energy in  the organic materials o f  different soil types

Soil type

Energy in a soil column with a basic area of 1 cm2 
(ca!)

Participation of solar 
energy in soil forma­

tion per year 
cal/cm8

Q

Q/g
0 — 20 cm 20 — 100 cm 0—100 cm 

(g)

G rey d ese rt soil 1 200 2 200 3 400 8 000 2.34

C h estn u t soil 2 900 5 700 8 600 12 000 1.39

C hernozem  soil 7 200 15 800 23 000 15 000 0.66

C hernozem  soil 9.500 28 500 38 000 16 000 0.42

Sod podzolic soil 3 900 1 500 5 400 10 000 1.85

B row n fo rest soil 5 400 6 300 11 800 30 000 2.54

Y ellow  soil 4 700 5 000 9 700 41000 4.23

C innam onic soil 6 400 8 900 15 300 30 000 1.94

Sm olnica soil 2 000 6 800 8 800 28 000 3.18

s o la r  e n e rg y  available, th e  d e s e r t  soils an d  th o se  o f  sem i-arid  regions c a n  ta k e  
u p  o n ly  a  sm all p a r t  o f th is  so u rce  o f en erg y  as a  p o o r p la n t cover. T h e  ra t io  
Q : g  s e rv e s  as a s ta r tin g  p o in t  fo r e s tim a tin g  th e  “ efficiency”  o f th e  t r a n s f o r ­
m a t io n  o f  so lar energy  in to  p o te n tia l  en erg y  th ro u g h  th e  p lan ts  in  so ils. T h is  
r a t io  is  r e la te d  to  th e  y e a r ly  p e rio d ic ity  o f  m ass a n d  energy flow  in  soils.
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О Б М Е Н  М А Т Е Р И Е Й  И Э Н Е Р Г И Е Й  В П Р О Ц Е С С Е  П О Ч В О О Б Р А З О В А Н И Я

И. САБОЛЧ

Р е з ю м е

Б ольш инство  вещ еств и  эн ергии , со зданны х  ж и вы м и  организмами, х р а н и т с я  в  поч­
в ах . В а ж н у ю  р о л ь  в  образовании  п о ч в  играю т годичны е клим атические и  биологические  
ц и кл ы . О днако , период полного  р азви ти я  и  о б р азо в ан и я  почвенного р а зр е з а  нам ного  
дл и н н ее , прим ерно н а  два  п о р я д к а  вели чин .

О сн овн ая  м асса  необходимой энергии  т р еб у ется  д л я  биологических и л и  точное 
би оценологических  процессов. Основны м источником  эн ер ги и  я в л я ет ся  со лн еч н о е  и зл у ­
чение, яв л яю щ ееся  в  свою  очередь ф ункцией  к л и м ата .

П о д авл яю щ ая часть общ ей массы  расти тел ьн о сти  представлена к о р н я м и  растен ий .
П очвенны й покров с о х р ан я е т  в  себе определенное число  важ н ы х д л я  ж и з н и  элем ен ­

тов, н е  д о п у ск ая  их переноса в  океан .
Ч ел о веч еск ая  деятел ьн о сть  зн ачительно  в л и я е т  н а  обмен м атерией и эн ер ги ей  почв. 

В будущ ем  эт у  деятельн ость следу ет  вести болеес о зн ательн о  с  учетом охр ан ы  о к р у ж а ю ­
щ ей среды . Т ак о й  научны й подход тр ебу ет  более детальн ого  изучения ц и к л и ч н ы х  п р о ­
цессов.
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CYCLIC PHENOMENA IN RECEPTOR GENERATION 
BY THE CELL MEMBRANE

By

A. S. K och

2ND DEPARTMENT OF PATHOLOGY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST

The anim al cell com prises a stab le linear program m e and a set o f  h ig h ly  dynam ic  
functional structures controlled b y  th a t program m e. The cytoplasm ic m em brane fur­
nishes the boundary separating the cell interior from  the environm ent and through which 
environm ental inform ation is m ediated to the cell interior and to the cen tral programme. 
Som e theoretical considerations on these cell m em brane functions are d iscussed.

As a n  e n tity  th e  an im al cell is lik e  a  ro b o t. I t  com prises a  s ta b le , linear 
p ro g ram m e (th e  d o u b le -s tran d ed  D N A ) a n d  a  se t o f highly  d y n a m ic  fu n c tio n a l 
s tru c tu re s  con tro lled  b y  th e  p ro g ram m e. T h e  cy top lasm ic  m e m b ra n e  fu rn ishes 
th e  b o u n d a ry  w hich  sep a ra te s  th e  cell in te r io r  from  th e  e n v iro n m e n t, and  
th ro u g h  w hich en v iro n m en ta l in fo rm a tio n  is m e d ia te d  to  th e  cell in te r io r  a n d  to  
th e  c e n tra l p rog ram m e. Som e th e o re tic a l consid era tio n s of th e se  fu n c tio n s  of 
th e  cell m em b ran e  are  re p o rte d  in  th is  p a p e r .

T he cy top lasm ic  m em b ran e  is a  f lu id  m osaic  s tru c tu re  co m p o sed  essen­
t ia lly  o f lip ids, p ro te in s  an d  w a te r. As a b o u n d a ry , i t  s e p a ra te s  th e  h igh ly  
o rdered  com plex sy s tem  o f a u to m a ta  re p re se n tin g  th e  cell, f ro m  a  relatively- 
d iso rd e red  en v iro n m en t.

I n  ad d itio n  to  i ts  b o u n d a ry  fu n c tio n , th e  cy toplasm ic m e m b ra n e  acts 
as a  rece iv er o f  all k in d s o f  e n v iro n m en ta l in fo rm a tio n . The s u b -s tru c tu re s  in  
charge  o f  th is  fu n c tio n  h a v e  been  te rm e d  as receptors. The re c e p to rs  h a d  been 
o rig in a lly  — an d  occasionally  s till a re  — in te rp re te d  as p re fo rm e d  s ta tic  
s tru c tu re s . R ecen tly  in fo rm a tio n  has in c re a s in g ly  been  a ccu m u la ted  in  su p p o rt 
o f  th e  im p lica tio n  th a t  th e  cell surface m ig h t b e  fa r  too  sm all to  acco m m o d a te  
a ll recep to rs  req u ired  fo r th e  cell’s n o rm a l fu n c tio n  and  su rv iva l, l e t  a lo n e  those  
in v o lv ed  in  special fu n c tio n s , such  as v ir io n  recep tion , a n tig e n  reco g n itio n , 
c o n ta c t in h ib itio n , signal recogn ition , e tc .

As ex p erim en ta l fa c ts  h av e  th ro w n  l i t t le  lig h t upon  th e  a p p a re n t  c o n tra ­
d ic tio n  b e tw een  th e  q u a lita tiv e  an d  q u a n t i ta t iv e  aspects o f re c e p to rs , a  th e o ­
re tic a l ap p ro ach  to  th e  re c e p to r p ro b lem  w as a tte m p te d  to  o b ta in  m o re  in fo r­
m a tio n  on  th e  p rob lem . T he th e o ry  o f d y n a m ic  recep to rs  has b een  a d v a n c e d  as 
a w ork ing  hypo thesis .

A ccord ing  to  th e  d y n am ic  re c e p to r  th e o ry , p rac tica lly  all re c e p to rs  m ore 
com plex  th a n  e.g. a single chem ical ra d ic a l a re  m etastab le  p a t te rn s  p ro d u ced
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at different probabilities b y  the movements and dynamic transitions o f 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 m ovem ents 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
plasm ic 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. S tre n g th  o f  th e  in te rm o lecu la r  in te ra c tio n s  invo lved ;
2. measured velocities of rotational and translational movements of 

different molecules within and across the membrane;
3. possible mechanisms of signal reception.

a d  1.

The average thermal energy of a fluid is about 0.6 kcal • m ol-1 at 25 — 35 
C°. This implies that the particles of the fluid are held together mainly by V a n  
der W aals type forces (0.5 kcal • mol-1). The average bond energy between  
two dipoles is about 3.5 kcal • m ol-1, while th a t between two ions is about 
10 kcal • m ol-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 
form ation (and/or splitting) o f a chemical bond under given conditions, the 
so-called time of expectation (i) can he calculated b y  the formula of P o l a n y i  
and W igner

t =  r e w/kT

w h ere  т is th e  order o f  m o lecu la r  o rb ita l o sc illa tio n s ( ^  1014 sec-1 , W th e  c h a r­
a c te r is tic  energy  o f in te ra c tio n , an d  kT th e  a v e ra g e  th e rm a l energy o f  th e  sy s­
tem  (к is th e  BoLTZMANN-constant). The v a lu es  o f  t fo r fo rm ation  (an d  s p l i t ­
tin g )  o f  th e  d ifferen t b o n d  ty p e s  are  show n in  T a b le  1, w hich also in c lu d es th e  
v a lu e  fo r  a covalen t b o n d  o f  average  (c*; 80 k c a l • m o l-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 dynam ism  of events at the microscopic level of mem­
brane structure. The additiveness of the weak interactions and the re-inforcing 
effect o f 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) fo r the form ation (or splitting) o f certain bond types*

B ond type t

V a n  der W aals .~2  • 1 0  ~ u  sec
dipole — dipole ^ 2  • 10- 12 sec
- H - ~ 6  • 10- 9 sec
ionic ~ 2  • 10-7 sec
covalent 2.5 • 103e years

(1 y ear ~  3 .2  • 107 sec)

* The values were calculated for 25 — 35 °C am bient temperature in  a f lu id  sy stem  using 
the P o lXn y i —W ig n e r  equation.

ad 2

T he in d iv id u a l lip id  m olecule co m p o n e n ts  ro ta te  -within t h e  m em b ran e  
s tru c tu re  a t  a freq u en cy  o f  5 • 108—5 • 10 11 • se c -1 . In  s tru c tu re s  co n sisting  
o f  m a n y  lip id  m olecules, th e  average  fre q u e n c y  o f  phase tra n s it io n s  in  6  • 101 •

• se c -1 . T h e  v e lo c ity  o f  la te ra l  t r a n s la t io n  o f  a  lip id  m olecule in  t h e  p lan e  of 
th e  m em b ran e  is a b o u t 5 • 104 Á  • se c -1 . S ince th e  average d ia m e te r  o f  a  h y d ro ­
ph ilic  lip id  h ead -g ro u p  is a b o u t 50 Â, th e  p a th  covered in  one se c o n d  corre­
sp o n d s to  a len g th  o f  103 d iam ete rs  (e.g. fo r  a  3 m  long car th is  w o u ld  m ean  a 
sp eed  o f  10.8 • 103 k m  • h -1 ). T he ro ta t io n  freq u en cy  of m em b ran e  p ro te in s  is 
in  th e  ran g e  o f 4 to  50 • 10® • sec-1 , w hile  th e i r  la te ra l tra n s la tio n  in  th e  p lane 
occurs a t  a ve lo c ity  o f  0 .0 2 —0.33 d ia m e te rs  • sec -1 . Thus, th e  tr a n s la t io n a l  
m o v em en ts  o f  m em b ran e  p ro te in s  a re  v e ry  slow  as com pared  to  th o se  of 
m e m b ra n e  lip ids.

I t  deserves m en tio n  th a t  tu rn in g  o f  th e  lip id  m olecule’s a p o la r  ta i l  to ­
w ard s th e  p o la r b u lk  p h ase  (th e  so-called  f lip -f lo p  m ovem ent) o c c u rs  o n ly  once 
in  103 seconds. T hus, th is  e v en t can  be  re g a rd e d  as very  ra re  c o m p a re d  to  the 
o th e r  m o lecu la r ev en ts  considered  here .

ad 3

A  sc ru tin y  o f  th e  d a ta  p re sen ted  s tro n g ly  suggests th a t  th e  s t i l l  p rev a ilin g  
in te rp re ta t io n  o f  recep to rs  as p re fo rm ed  s ta b le  s truc tu res is d is p u ta b le  i f  no t 
u n te n a b le , a t  le a s t in  th e  case o f th e  m o re  co m p lex  receptors. I  b e lie v e  th a t  the 
“ s ta t ic  re c e p to r”  co n cep t stem s n o t o n ly  f ro m  th e  innate  c o n se rv a tiv ism  of 
h u m a n  th in k in g , b u t  also fro m  th e  c irc u m s ta n c e  th a t  m easu rem en ts  o f  recep ­
to r- lig a n d  in te rac tio n s  u su a lly  cover on ly  th e  d iffu sion  contro lled  s te p . T h is  being 
th e  slow est process in  th e  in te ra c tio n , i t  m a y  w ell m ask all m ic ro sco p ic  events. 
M oreover, recep to r-lig an d  in te rac tio n s  a re  as a  ru le  observed in  s y s te m s  w ith  a t 
le a s t 103 recep to rs  p er cell, and  a co n sid e rab le  excess of th e  l ig a n d  added
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(10s m olecules per cell fo r  106 cell s in 0.5 m l r e p re s e n t  only abo u t 4 • 10 ~e M 
f in a l  co n cen tra tio n ).

U n d e r such co n d itio n s  a b o u t 100 m olecules a re  p resen ted  for each  re c e p ­
to r ;  i t  is th u s  n o t s u rp r is in g  th a t  even “ fa s t m o v in g ”  (oscillating) re c e p to rs  
( ta rg e ts )  are h it  b y  th e  l ig a n d  a t  a fairly  h igh p ro b a b i l i ty .  This genera lly  m a sk s  
th e  p ro b a b ili ty  p a ra m e te rs  w h ic h  would “ spo il”  th e  p seu d o -firs t-o rd er k in e tic s  
o f  th e  in te ra c tio n  an d  d e p r iv e  th e  observer o f th e  v e r y  convenient p h e n o m e n o ­
lo g ica l in te rp re ta tio n  o f  th e  e v en t.

I n  rea lity , how ever, t h e  p ro b ab ility  o f th e  h i t  (succesful collision) d ep e n d s  
less o n  th e  velocity  o f  d if fu s io n  th a n  on th e  f r e q u e n c y , leng th  and  d ire c tio n  o f  
th e  B ro w n ian  “ju m p s”  p e rfo rm e d  by  th e  lig a n d  m olecu le , as well as o n  th e  
fre q u e n c y  o f o scilla tion  o f  t h e  app rop ria te  m e m b ra n e  a rea  betw een i ts  r e c e p ­
to r  — no n -recep to r s ta te s .

T h e  frequency  o f  su c c e sfu l recep to r — lig a n d  in te ra c tio n  was s tu d ie d  e a r ­
lie r  in  m y  lab o ra to ry  in  a  p o lio  v irion  —<• c u ltu re d  m o n k e y  k idney cell sy s te m . 
W e fo u n d  th a t  th e re  w as a  la g  phase betw een  th e  n e t  (reversible) a t ta c h m e n t  
o f  v ir io n s  and  th e ir  i r re v e rs ib le  in te rac tion  w ith  t h e  recep to r proper, re su ltin g  
in  a  fu ll v ira l cycle. T h e  la g  p h a se  was id en tif ied  a s  a  k in d  of “ m atin g  f l ig h t” , 
c h a ra c te r iz e d  b y  th e  v ir io n ’s B row nian  “ ju m p s”  a n d  b y  th e  flim m ering  (o sc il­
la t io n )  o f  th e  recep to r p a t t e r n .  R eduction  o f th e  f lu id i ty  of th e  m e m b ra n e ’s 
l ip id  p h a se  b y  ad d itio n  o f  s a tu r a te d  fa tty  (behen ic) a c id , or s tab iliza tio n  o f  th e  
M g + + K + N a +-A T P ase  b y  ad d itio n  of c a rd io a c tiv e  glycosides re su lte d  in  a 
c o n s ta n t  ra tio  b e tw een  th e  r a te s  of a tta c h m e n t a n d  in fection  (i.e. “ h i t ” ). I n  
th is  case , and  only in  th is  c a se , did th e  re c e p to rs  b e h a v e  as if  th e y  h a d  b e e n  
s ta b le  s tru c tu re s  (fix ed  ta r g e t ) .

I t  follows th a t  u n d e r  t h e  usual conditions t h e  v irions “ falling”  to w a rd s  
th e  su rface  o f a cell w h ich  c a rr ie s  m any p o te n tia l re c e p to r  sites can su ccessfu lly  
co llid e  w ith  the  cell o n ly  i f  so p e rm itte d  by  th e  P o is so n ia n  d is tribu tion  a n d  b y  th e  
a c tu a l  con figu ra tion  o f  th e  recep to rs  involved. I n  th i s  lig h t the  recep to rs  r e p re ­
s e n t  a  s ta tis tic a l ra th e r  t h a n  a  s ta t ic  s tru c tu ra l c a te g o ry . R eception of a l ig a n d  d e ­
p e n d s  eq u a lly  on th e  p ro b a b i l i ty  of its  p resence  in  a n  app rop ria te  o r ie n ta t io n  
a t  th e  ap p ro p ria te  s ite , a n d  o n  th e  actual, m o m e n ta ry  assem bly o f a n  a p p ro ­
p r ia te  recep to r p a tte rn . I f  b o th  probabilities are  c lo se  t o l ,  the  p h en o m en o lo g i­
ca l d e lu s io n  of th e  “ c o n s ta n t  recep to r”  w ill em erg e .

T h e  p a ram ete rs  o f  th e  h y p o th e tica l d y n a m ic  re c e p to r  were m odeled  in  a 
c o m p u te r . C onstan t a v e ra g e  co u n ts  of d iffe ren t e le m e n ts  and  the  ru les o f  th e i r  
p o ss ib le  in te rac tio n s w e re  p ro g ram m ed . In  th e  100 consecutive p a t te r n  g e n e ­
r a t io n  cycles run , a w ide  v a r ie ty  of su b -p a tte rn s  ( re c e p to rs )  appeared  a t  d iffe r­
e n t  p ro b ab ilitie s , w hile th e  av e rag e  com position  o f  th e  system  as a w ho le  r e ­
m a in e d  unchanged .

S tab iliza tio n  o f g iv e n  su b -p a tte rn s  in  th e  s y s te m  very  soon re s u lte d  in  
m o d if ic a tio n  o f th e  f re q u e n c y  o f  some or all o th e r  su b -p a tte rn s . In  c e r ta in  cases
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som e su b -p a tte rn s  d isa p p e a re d  a lto g e th e r, o r “ new ”  ones em erg ed  q u ite  sud­
d en ly . N one o f th e se  changes h ad , how ever, a n y  m easu rab le  e ffec t on  th e  sys­
te m ’s average co m p o sitio n . T h is phenom enon  has b een  re g a rd e d  as th e  possible 
m odel o f  th e  m o d ifica tio n  o f  th e  cell’s fu n c tio n  in  consequence  o f  ce rta in  irre ­
versib le  cell-cell or ce ll-ligand  (e.g. horm one) in te ra c tio n .

T he ex p e rim en ta l o b se rv a tio n s re fe rred  to  in  th is  p a p e r  a n d  th e  com pu ter­
ized  m odel eq u a lly  s u p p o r t th e  v a lid ity  o f  th e  d y n am ic  re c e p to r  concept. In  
th is  in te rp re ta t io n  th e  recep to rs  (a t le a s t th o se  la rg e r th a n  a  single chem ical 
g roup) seem  to  be  “ a c c id e n ta l”  e lec tro s ta tic  (or q u a n tu m -c h e m ic a l)  p a tte rn s  
arisen  th ro u g h  th e  re la tiv e ly  free ro ta tio n a l, tra n s la tio n a l a n d  o sc illa to ry  m ove­
m en ts  o f  th e  co m p o u n d s fo rm ing  th e  cell’s b o u n d a ry . T h u s , recep to rs  would 
co n tin u o u sly  a p p e a r  a n d  d isap p ear, regard less o f  th e  p re sen ce  o r absence of 
th e  a p p ro p ria te  lig an d . I t  follows th a t  one can  rea so n ab ly  sp e a k  o f  a recep to r 
on ly  i f  th e  s im u ltan eo u s p resence  o f  b o th  p ro p e r p a t te rn  a n d  lig a n d  perm its  an 
in te ra c tio n  w hich re su lts  in  a signal to  th e  cell.

Ц И К Л И Ч Н Ы Е  Я В Л Е Н И Я  В В О З Б У Ж Д Е Н И И  Р Е Ц Е П Т О Р Н Ы Х  И Н Ф О РМ А Ц И Й  
М Е М Б Р А Н А М И  К Л Е Т О К  Ж И В О Т Н Ы Х

А. С. КОХ 

Р е з ю м е

К л етк и  ж и во тн о го  вклю чаю т в  себя  стабильную  линейн ую  п р о гр ам м у  и р я д  вы соко­
ди нам и ческих  ф у н кц и о н ал ьн ы х  с тр у к т у р , контолируем ы х той пр о гр ам м о й . М ембрана 
цитоплазм ы  п р ед став л яет  собой гр ан и ц у , разделяю щ ую  внутренню ю  ч а с ть  кл етки  от ее 
о к р у ж ен и я  и осущ ествляю щ ую  передачу информ аций о к р у ж аю щ ей  ср ед ы  во внутрь кл ет­
к и  и к  центральной  програм м е. Рассм атриваю тся  некоторы е тео р ети чески е  соо бр аж ен и я  по 
поводу  эти х  ф ункций м ем бран  к л ето к  ж ивотн ы х .
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COMPLEX EDUCATION AND 
THE UNIVERSAL CYCLIC RELATION

By

E . T u s a

Complex education aims a t  restoring th e  u n ity  betw een recognition, in tu ition  and 
spiritual elem ents in a higher u n ity  of science, a r t  and  moral. Music is especially  suitable 
for underlining th e  m otion system , i.e. we can say  th a t  “ music is th e  sounding m otion” .

A ccording to  th e  in te rd isc ip lin a ry  te n d e n c y  o f  ou r d ay s, th e  com plex 
ed u ca tio n  can  be  a  to o l to  u n d e rs ta n d  th e  re la tio n s  be tw een  v a r io u s  sciences 
an d  a rts , m oreover as fa r  as possib le, b e tw een  a ll th e  m a n ife s ta tio n s  o f  th e  
being , — b y  th is  m eans develop ing  th e  h u m a n  p e rso n a lity  a n d  m o ra l forces, 
too . M y com plex  m odel o f  ed u ca tio n  can  b e  considered  a  d e sc e n d a n t o f  th e  
an c ien t G reek e d u c a tio n . I t  is based  on  th e  e la b o ra tio n  o f th e  so -ca lled  “ k ey ” 
prob lem s, w hich  a re  su ita b le  — also in  sense o f  th e  G eneral S y s te m  T h eo ry  — 
to  d em o n stra te  th e  s t ru c tu ra l  analogies a n d  h id d e n  re la tio n s b e y o n d  various 
th in g s. I n  th is  w ay  we acq u ire  a  ce rta in  a m o u n t o f  q u a lita tiv e  “ k e y ”  know l­
edge — w hich a re  ab le  to  open  th e  doors to  o th e r  va lu es  as w ell — ra th e r  th a n  
accum ula te  q u a n ti ta t iv e  d a ta . M y co n cep tio n  h a d  developed  sp o n tan eo u sly  
an d  earlier th a n  I  becam e ac q u a in te d  w ith  th e  g enera l sy stem  th e o ry . T h is acci­
d en ta l, o r p e rh ap s n o t  re a lly  acc id en ta l co incidence  su p p o rts  th e  a c tu a l  neces­
s ity  o f th is  idea.

L e t me d e m o n s tra te  th is  m e th o d  b y  a n  exam ple . Choose th e  p ro b lem  of 
th e  u n ity  o f thesis-antithesis-synthesis, because  i t  is p re sen t in  th e  p r im a ry  su b ­
je c t-m a tte r  o f  m usica l ed u ca tio n , n am ely  in  th e  v e ry  f ir s t  p iece o f  B a rto k ’s 
M ikrokosm os.

This piece consists  o f  th re e  u n its : th e  f i r s t  o f  th e m  re p re se n ts  th e  thesis 
m ak in g  th ree  s tep s  u p w ard s , th e  second one th e  a n tith e s is  m a k in g  th re e  steps 
dow nw ards, an d  f in a lly  th e  syn th esis  u n ite s  th e  tw o  e lem ents b y  m a k in g  th ree  
steps b o th  up - a n d  dow nw ards. T his fo rm  is ca lled  “B ar-F orm 1'’ in  m usic, 
w here in  tw o l i t t le  u n its  are  follow ed b y  a lo n g er one. T he l i t t le  u n its  a re  called 
“ S to llen” , th e  lo n g er one “ A bgesang” , hence  th e  w hole fo rm : “ S to llen , Stollen, 
A bgesang”  em erges.

W ork ing  on  th is  p rob lem , th e  c o n te n t, th e  m essage o f  th is  m e lo d y  w ith  
th e  s tu d en ts  h av e  b een  exam ined  to g e th e r. T h is line  o f  m elody  c a n  be view ed 
b o th  from  below  an d  from  above. B o th  ex is t, b o th  are tru e , a n d  so w e can  see
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t h a t  t r u t h  has m any faces. W e  call th is  s ta tu e -v iew . As a  s ta tu e  can  he  p h o to ­
g ra p h e d  fro m  several s ta n d -p o in ts  (and  each o f th e m  is tru e ) , th e  w hole t r u th ,  
h o w e v e r , is th e  to ta li ty  o f  a ll th e  possible p ic tu re s . T h is  view , for ex am p le  th a t  
th e  c o n v e x  is concave f ro m  a n  o th e r  side, in sp ired  one o f  m y  tw elv e-y ear-o ld  
p u p ils  to  recognize ou r re s p o n s ib ili ty  for th e  effec ts  caused  b y  w ords a n d  ac ts  
in  o th e r  persons. All we do o r  sa y , leave an  im p ress io n  in  o th e r persons, — an d  
th is  re c o g n itio n  in  itse lf  is a  m o ra l success.

A cco rd in g  to  th e  lin e  o f  m e lo d y  one an d  th e  sam e  n o te  m ay  a d o p t d iffe r­
e n t  ro le s . I t  can  serve e ith e r  a s  th e  s ta rtin g  n o te  o r  th e  f in a l no te , o r else i t  can  
he  a n  o rg a n ic  elem ent o f  a  sca le  lead ing  upw ards o r dow nw ards. D ep en d in g  on 
th e  ro le  i t  ac tually  fu lfils , i t  m a y  h av e  various c h a ra c te rs . I t  can  he a  goal o r a 
s t a r t ,  a  su p p o rt or an  o b s ta c le , a n d  so on. In  th e  sam e  w ay , i t  depends on  th e  
in d iv id u a l , th a t  a given e v e n t  in  h is life will tu rn  to  h e  a su p p o rt or an  o bstac le . 
A n d  th i s  recognition  is a lso  a  m o ra l success.

T h e  above-m en tioned  o rd e r  o f  in te rre la tio n s o f  ideas can  also be expressed  
b y  v isu a l  rep resen ta tio n . I t  is  in te re s tin g , th a t  th e  m a jo r ity  o f th e  s tu d e n ts  and  
te a c h e r s  — including m y se lf  — in d ep en d en tly  o f  e ach  o th e r drew  th e  re la tio n  
th e s is -a n tith e s is  b y  sine c u rv e s , th e  syn thesis  b y  circles a ro u n d  th e  sine 
c u rv e s  (F ig . 1). This co incides w ith  th e  y in -yang  sy m b o l o f ea s te rn  ph ilosoph ies.

Fig. 1

M o st s tu d e n ts  did n o t k n o w  th is  figu re  before, th e re fo re  I  w ould  sug g est th a t  
th is  sy m b o l of th e  e te rn a l re c u rre n ce  of ex is ten ce  m ay  be a  psychological 
a rc h e ty p e .

T h e  general v a lid ity  o f  th is  schem e is su p p o r te d  b y  th e  cyc lic ity  re la tio n . 
I n  t h e  В -s tr ip  of th e  c y c lic ity  d iag ram , th e  so u n d  a n d  e a rth q u a k e  w aves are 
g r a d u a l ly  transfo rm ed  in to  t h e  ro ta tio n  and  re v o lu tio n  o f celestia l bod ies. T he 
p ro c e ss  c a n  be con tinued : co n sid e rin g  th e  ro ta t io n  a new  base-w ave com ple-
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m en tin g  w ith  its  c o u n te rp a r t  p roduces a new  ro ta tio n , w hich  is cha rac terized  
b y  a double d ia m e te r  o f  th e  fo rm er ro ta tio n . I n  th is  w ay  th e  sy s te m  o f h ie ra r­
chies — being m a n ife s te d  in  th e  cyclic ity  co n cep t — g rad u a lly  develops from  a 
g iven  base-w ave o f  a l te rn a tin g  phase in  a ll o rd e rs  o f  m ag n itu d e . I t  fa irly  shows 
th e  in fin ite  h u t  n o t  u n lim ite d  ch a ra c te r  o f  th e  U n iv erse  (because  i t  c an  be con­
tin u e d  ad  inf. to  m acro - an d  m icrod irec tion , b u t  never o v e rs tep s  th e  p o in t of 
O rigó) (Fig. 1).

L e t us see now  th e  mathematical a sp ec t o f  th is  p rob lem . T h e  in te rre la tio n  
b e tw een  m usic an d  m a th e m a tic s  is well k n o w n . I  h av e  alw ays b e liev ed  th a t  this 
p rob lem  m ay  also be  fo rm u la ted  in  te rm s  o f  m a th e m a tic s . B u t h o w ?  F irs t I  
tr ie d  to  p u t i t  dow n in  th e  ad d itiv e  w ay  (e.g. 2 +  2 =  4). B u t soon  I  recognized 
th a t  th is  was n o t th e  p ro p e r so lu tion , because  I  fe lt th a t  th e  co n n ec tio n  o f the  
tw o l i t t le  p a r ts  is n o t  a n  a d d itio n  h u t  r a th e r  a  p ro p o rtio n . O n th e  o th e r  hand , 
I  also found  th a t  th e  re la tio n sh ip  betw een  th e  tw o  l i t t le  p a r ts  is n o t  an  iden­
t i ty  h u t  a rec ip ro c ity . I  w as h a p p y  to  rea lize  t h a t  in  th is  w ay  I  cam e to  th e  
sam e resu lt, w h ich  re fle c ts  th e  ch a rac te r o f  sy n th esis :

I

expressed  a lg eb ra ica lly :

2 : 1/2 =  4

X : 1/x =  X2

I
Incidentally, 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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H ie ra rc h ic  order a p p e a rs  in  a ll closed reg u la r  po ly g o n s o f an y  s id e -n u m ­
b e r , i f  th e  vertices of th e  n e x t  sm a lle r  polygon are  p laced  a t  th e  h a lf-s id es  of 
th e  fo rm e r  one. In  th is  case t h e  h ie ra rch ic  m o tion  s y s te m  is rea lized  b y  tu rn in g  
th e  p o ly g o n . I t  is clear t h a t  w h e n  increasing  th e  n u m b e r  o f  sides w e m ore 
a n d  m o re  approach  to  th e  c irc le . T he side-leng th  o f  th e  n e x t  m em b er in  th e  
h ie ra rc h ic  series can  be d e f in e d  b y  th e  following fo rm u la :

180°
a .  == a , • co s--------

2 1 n

w h e re  o x is th e  original le n g th  a n d  n  th e  n u m b er o f  sides. I n  th e  su b se q u e n t 
m e m b e rs  cos2, cos3, cosi, e tc . a re  to  b e  applied . As th e  n u m b e r  o f  sides o f  th e  po ly-

Fig. 3
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gon increases, th e  s ide-leng th  o f th e  n e x t  m e m b e r approaches m ore  a n d  m ore 
th e  p rev ious one. I f  th e  side-leng th  o f  th e  s ta r t in g  side is 10, th e  n e x t  side- 
len g th s  w ill be fo r  a tr ia n g le  5, for a q u a d ra n g le  7.07, for a h e p ta g o n  9 .026, for 
a decagon 9.511, fo r a  30-sided po ly g o n  9 .945 , fo r a 90-sided p o ly g o n  9.994 
an d  for a 180-sided po lygon  9.998.

C onnecting  th e  in te rsec tio n s o f th e  su b se q u e n t m em bers a s p ira l  c a n  be 
d raw n  ap p ro ach in g  g ra d u a lly  th e  circle w ith  increasing  th e  n u m b e r  o f  sides
(F ig . 3).

Biological analog ies can  be easily  fo u n d  as w ell. L et us ta k e  th e  s im p lest 
ex am p le : th e  genes o f  th e  p a ren ts , as th e s is  a n d  an tith esis  re su lt in  th e  ch ild  as 
a sy n th es is , s im ila rly  to  th e  “ M eiste rs in g er v o n  N ürnberg”  w h e re  D a v id  
teach es W a l t e r  v o n  St o l z in g  how  to  c o n s tru c t  th e  rig h t m u sic  B a r-fo rm : 
“ Ob euch  gelang  ein  rech te s  P a a r zu f in d e n , d a s  ze ig t sich an  d en  K in d e n ”  (The 
ch ild  w ill te ll, i f  t ru e  a n d  f i t ly  m a ted , th e  p a ir  b y  you  created .)

I t  c an  be d e m o n s tra te d  th a t  history i t s e l f  is n o th ing  else th a n  a  sy n th es is  
o f  d ia lec tic  op p o sitio n s, forces and  c o u n te r-fo rce s .

I t  is v e ry  im p o r ta n t  to  us to  ex p ress  th e se  rela tions b y  m o tio n s , b y  p r i­
m eval gestures. So we h av e  evolved a  series o f  m otions re flec tin g  th e  id e a  of 
th e s is -an tith e s is -sy n th es is , we called th is  ex erc ise  “ picking of flo w e rs” . I n  th e  
f i r s t  phase , in  th e  th e s is , we g a th e r flo w ers , sym bolizing  th e  v a lu es  o n  th e  b o r­
d e r o f  o u r p a th , th e  p a th  of Life. In  th e  seco n d  phase, we em b race  a n d  en rich  
th e m  b y  o u r ow n v a lu es . F in a lly , we do n o t  k e e p  th e m  in  order to  d e c o ra te  o u r­
selves, b u t  in s te a d  o f  th is  we offer th e m  fo r  se rv in g  higher p u rp o ses .

A ll th e  th re e  gestu res have  specia l moral im pacts.
1. T he ad m ission  an d  g a th e rin g  o f  ex p erien ce  ind ica te : do n o t  pass in ­

d iffe ren tly  th e  v a lu es  o f  th e  e n v iro n m e n t (flow ers).
2. T h e  second  p h ase  helps th e  s tu d e n t  to  realize th e  d ig n ity  o f  h is ow n 

p e rso n a lity . H e w ill recognize th a t  th e  sp ec ia l colour w hich he  a d d s  to  th e  
experience, c a n n o t be  rep laced  b y  a n y b o d y  else.

3. T h e  th i rd  p h ase  helps to  su p p ly  u n iv e rsa l purpuses in s te a d  o f  egoistic  
am b itio n s.

L e t us su m m arize  our goals: co m p lex  ed u ca tio n  aim s a t  re s to r in g  th e  
u n ity  be tw een  reco g n itio n , in tu itio n  a n d  sp ir i tu a l  elem ents (h a v in g  p r im a rily  
fo rm ed  an  in se p a ra b le  organic u n ity ) n o w  in  a  h igher u n ity  o f  sc ien ce , a r t  and  
m oral.

M usic is especia lly  su itab le  for u n d e rlin in g  th e  m otion sy s te m . I t  is m o tion  
even  i f  i t  ta k e s  p lace  in  our in n er h e a r in g : in  th is  case i t  is th e  m o tio n  of 
th o u g h ts ; on  th e  o th e r  han d , i t  is m o tio n  necessarily  if  i t  is re a liz e d  o n  an  
in s tru m e n t o r b y  h u m a n  voice. N o t o n ly  m o tio n , b u t  also c y c lic ity  a n d  p e rio d ­
ic ity  a re  its  e ssen tia l elem ents : b re a th in g  in  a n d  o u t, tension  a n d  re la x a tio n  of 
m uscles, p u lsa tio n  o f  rh y th m , peaks a n d  d eep -p o in ts  o f fo rm al a rc s , e tc . We 
could say  th a t  m usic is the  “ sound ing  m o tio n ” .
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КОМПЛЕКСНОЕ ВЫСШЕЕ ОБРАЗОВАНИЕ И УНИВЕРСАЛЬНАЯ ЦИКЛИЧНАЯ
С В Я З Ь

Е. ТУША 

Р е з ю м е

Комплексное образование предназначено для того, чтобы восстановить единство 
познания, интуиции и умственных элементов, воплощая их в более высокую единицу наук, 
искусств и морали. Музыка особенно пригодна к тому, чтобы лечь в основе системы движе­
н и й . Другими словами, можно сказать, что «музыка — это звучащее движение».
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THE OBJECT AND SYSTEM OF EARTH SCIENCES AND 
THE “ UNIVERSAL CYCLE RELATION“

T .  PÓ K A

A ccelerated  d iffe ren tia tio n  and  sp ec ia liza tio n  of science req u ires  the 
sc ien tific  d e fin itio n  o f  th e  scope, o b jec t a n d  social functions o f  th e  in d iv id u a l 
b ran ch es of science. N ow adays, th e  sy s te m  th e o ry  ap p ro ach  is th e  m o st up -to - 
d a te  one.

T he cycle law  d iag ram  se t up b y  E . Szádeczky-K ardoss assigns th e  
re spec tive  fie lds to  th e  b ranches (d iscip lines) w ith in  th e  d iffe ren t sciences.

I n  th e  p a s t d ecades, scientific  re se a rc h  rev ea led  a series o f  re la tio n sh ip s  
w hich ju s tify  to  ra n g e  th e  E a r th  Sciences as a  ca teg o ry  e q u iv a le n t to  physics, 
ch em istry  an d  bio logy .

E a r th  science d iscip lines are called  th o se  fie lds of science, w h ich  in v es ti­
ga te  m a te ria l sy stem s su itab le  to  develop  o r  to  su p p o rt liv ing  m a te r ia l  system s 
in  a d e te rm in ed  d isc re te  space-tim e-energy  ran g e . T h ey  deal w ith  th e  analysis 
o f th e  E a r th , as a re la tiv e ly  closed sy s tem , in c lu d in g  its  s tru c tu ra l  c o n s titu e n ts  
(elem ents) an d  in te rre la tio n s  (fu n c tio n a l re la tio n sh ip s) as w ell as its  h is to rica l 
d evelopm en t (ev o lu tion ). T he law s o f th e  E a r th  sciences are  ap p licab le  in  th e  
social p rac tice , to o . I t  becom es possible to  fo re c a s t th e  processes a n d  p ro p ertie s  
o f th e  now  still inaccessib le  spheres o f  th e  E a r th ,  th e  sh o rt-  a n d  lo n g -te rm  
changes o f th e  E a r th ,  an d  th e  occurrence, q u a l i ty  and  w o rk a b ility  o f  m ineral 
raw  m ate ria ls  a n d  en erg y  resources.

E a r th  sciences, a long  w ith  B iology a n d  A stro n o m y , m ay  be  ca lled  Sciences 
o f N a tu ra l H is to ry , as opposed  to  P hysics an d  C hem istry , w hich  a re  essen tia lly  
s tru c tu ra l sciences.

A t p resen t, no  sy s tem  o f th e  E a r th  Sciences is generally  accep ted . I n  the  
m ost w idesp read  c lassifica tions “ m a te ria l te s t in g ”  disciplines su ch  as m ineral- 
ogy, p e tro g ra p h y , geochem istry , geophysics are co n tra s te d  to  h isto rica l- 
genetica l d iscip lines (dy n am ic  geology, h is to r ic a l geology, te c to n ic s , p a leo n to ­
logy, e tc .). T his d is tin c tio n , how ever, is a  p rio r i in co rrec t, b ecau se  th e  m a te ria l 
te s tin g  and  th e  h is to ric a l p o in t o f v iew  a re  a lw ays p resen t in  a ll o f  th e m , only 
w ith  v a ry in g  im p o rta n c e .

A ccord ing ly , th e  a u th o r  proposes a  co o rd in a te  system  w ith  th e  succession 
o f  o rg an iza tio n  levels (elem ents) o f th e  o b je c t o f  science on  one axis an d  w ith  
th e  degrees o f  successive progress in  know ledge (d esc rip tio n -q u an tifica tio n - 
d iscovery  o f  u n iv e rsa l regu larities) on th e  o th e r.
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CYCLES AND RHYTHMS IN THE ATMOSPHERIC 
MOTION SYSTEM

B . B ell

T h e  m o st im p o rta n t c au ses  o f  th e  a tm o sp h e ric  cycles are:
1. S u n -E a rth  g ra v ity  in te ra c t io n  (in th e  a tm o sp h e ric  tides). W a v e le n g th  

cca  20  000  km , period 12 h o u rs . 2. A tm ospheric  g ra v ita tio n a l w aves o f  v e ry  
v a ry in g  w av elen g th . T he u s u a lly  s tab le  and  q u as i-h o rizo n ta l o rog raph ic  g ra v i­
ta t io n a l  w aves (e.g. above L a k e  B a la to n ). 3. In flu e n c e  o f  th e  E a r th ’s ro ta t io n , 
g e n e ra t in g  in e rtia l w aves. W a v e le n g th  100 k m , p e rio d : (som e) day(s). 4. H y ­
d r o s ta t ic  la b ility  of th e  v e r t ic a l  a ir  co lum n re su ltin g  in  th e  fo rm atio n  o f th e rm ic  
c o n v e c tio n  cells. Space p a ra m e te r :  1 —10 k m , tim e  p a ra m e te r: som e h o u rs . 
5. V e r t ic a l  changes in  th e  w in d  v e c to r , giving rise  to  b o u n d a ry  su rface  w av es. 
S p ace  p a ra m e te r :  102—103 m , tim e  p a ra m e te r: m in u te s , resp . hou rs. 6 . B aro - 
t r o p ic  a n d  baroclinal in s ta b il i ty ,  responsib le  fo r th e  cyclons. W av e len g th  in ­
c re a s in g  fro m  a few km s to  se v e ra l th o u sa n d  o f  k m s, w ith  periods from  a few  
m in u te s  to  1 5 —40 hours.

T h e  atm ospheric  p a r t  o f  th e  hydro log ica l cycle is ch a rac te rized  b y  th e  
a v e ra g e  t im e  of abo u t 10 d a y s  sp e n t b y  a w a te r  p a rtic le  in  th e  a tm o sp h e re . 
T h e  s a m e  o rd e r of m ag n itu d e  is  v a lid  for th e  a tm o sp h eric  p a r t  o f th e  su lp h u r  
a n d  c a rb o n iu m  cycles as w ell.

A cco rd in g  to  th e  a b o v e  d a ta  th e  a tm o sp h eric  m o tio n  system s f i t  w ell 
in to  t h e  cycle -rh y th m  p a t t e r n  o f th e  U niverse  described  b y  S z á d e c z k y - 
K a r d o s s .

T h e  energy  scale is d isc o n tin u o u s , w hile th e  space  an d  tim e  p a ra m e te rs  
seem  to  b e  continuous. T his a p p a re n t  c o n tra d ic tio n  m a y  be due to  th e  g ra d u a l 
d is s ip a tio n  o f  m acro-m otion  s y s te m  in to  m e so -a n d  m ic ro -o n es. (M eso-m otion  
sy s te m s  w o u ld  have p a ra m e te rs  as 20 — 500 km s a n d  1 —48 hours.)

PALEOCLIMATOLOGICAL AND 
PALEONTOLOGICAL IMPLICATIONS OF RADIATION 

MEASUREMENTS BY SATELLITES

Z. D o b o si and B. Géczy

R e ly in g  on th e  d a ta  o b ta in e d  b y  th e  sa te llite s  N IM B U S-2 and  N IM B U S -3 , 
R a s c h k e  e t  al. have p lo tte d  a  ra d ia tio n  b a lan ce  m a p  o f th e  sy s tem  E a r th -  
A tm o s p h e re , th e  firs t one b a s e d  on  m easu rem en ts . (A  sign ifican t d ifference as 
c o m p a re d  to  th e  form er m aps b a s e d  on S im pson’s c a lc u la tio n  is th a t  in  th e  s u b ­
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tro p ic a l zone the  balance  is n eg a tiv e  above th e  con tin en ts  w hile p o s itiv e  above 
th e  oceans.)

T h is  p e rm itte d  to  c o n s tru c t m odels o f  o cean -con tinen t d is tr ib u tio n  in  
v iew  o f th e ir  re spec tive  ra d ia tio n  b a lan ces.

I f  co n tin en ts  fo rm  a rin g  a b o u t th e  E q u a to r  (rang ing  f ro m  17°iV to  
17°S), a  som ew hat cooler, b u t  m ore  u n ifo rm  c lim a te  th a n  th e  p re s e n t  one  resu lts 
(m odel 1).

A n “ ocean rin g ”  a ro u n d  th e  e q u a to r  be tw een  th e  la t i tu d e s  45°N  and 
45°S w ould  p roduce a  so m ew h at w a rm e r, b u t  also m ore u n ifo rm  c lim a te  th a n  
th e  p re se n t one (m odel I I ) .

F o r  a less un ifo rm  c lim a te  m ore  c o n tin e n ta l surfaces w o u ld  b e  need ed  in 
th e  su b tro p ica l and  th e  p o la r reg ions.

T hese  considera tions shed  new  lig h t on  th e  problem  o f th e  u n ifo rm  and 
re la tiv e ly  w arm  clim ate  o f th e  Ju ra ss ic  an d  C retaceous te s tif ie d  to  b y  in n u m er­
ab le  paleon to log ical d a ta  an d  b y  o x ygen  iso to p e  stud ies, as w ell. J u ra s s ic  and 
C retaceous rep resen t tra n s it io n  b e tw een  m odels I . and  I I .

A  decisive role m ay  be a t t r ib u te d  to  th e  opening up  to  th e  T e th y s  Sea of 
e q u a to r ia l position , se p a ra tin g  n o r th e rn  L a u ra s ia  from  so u th e rn  G ondw ana. 
T h is fav o u rab le  s itu a tio n  en d ed  w ith  th e  closing o f th e  T e th y s  b y  m o v in g  con­
t in e n ta l  p la tes in to  th e  su b tro p ica l zone.

CYCLIC FLUCTUATIONS OF PRESSURE  
IN THE PANNONIAN BASIN AND 

THEIR HYDROCHEMICAL IMPLICATIONS

A. R ó n a i

In  earlie r p ap ers  th e  a u th o r  re p o r te d  on  a 14—16-year cy c le  a n d  a 28- 
y e a r  cycle observed  in  g ro u n d w a te r  wells in  H u n g ary .

D u rin g  th e  years 1967—75, re g u la r  o b se rv a tio n  and  a u to m a te d  record ing  
w ere done in  a series o f  wells (d e p th  ran g e  232 —1060 m) in  th e  G re a t  H u n g a r­
ia n  P la in , disclosing th e  46 b e s t aq u ife rs  o f  th e  area.

A long w ith  th e  an n u a l f lu c tu a tio n  o f  th e  s ta tic  w a te r ta b le  a n o th e r  cycle 
o f  sev era l years could  be  recognized . T h is is due  to  th e  p ro p a g a tio n  o f  pressure 
w aves in  th e  aqu ifers, co n tro lled  b y  som e c lim atic  cycles o f  th e  C a rp a th ian  
B asin . A  f irs t  m in im um  was o bserved  in  1968 an d  a m ax im um  in  1970, followed 
b y  a g rad u a l sink ing  resu ltin g  in  a n  ab so lu te  m in im um  in  th e  f i r s t  h a l f  o f  1974. 
In  fa c t, tho se  years w ere e x tre m e ly  poor in  p rec ip ita tio n .

D a ily  changes in  a tm o sp h eric  p ressu re  as well as th e  tid a l  ones a re  p ro m p t­
ly  re fle c ted  b y  w a te r level osc illa tions. I t  shou ld  be n o ted  t h a t  th is  effect is 
m uch  m ore expressed  in  g re a th e r  d e p th  th a n  n ear th e  su rface .
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In f il tra tin g  w a te r  c o n ta in s  calcium , m a g n e s iu m  an d  h y d ro c a rb o n a te  
io n s  w h ile  ascending w a te rs  a re  r ic h  in  sodium , acc o m p a n ied  by  h y d ro g en  c a r­
b o n a te  an d  sulfate ions.

T h e  im pact o f e a r th q u a k e s  was reco rd ed  in  som e wells (the  in d u ced  
“ sw in g ”  vary ing  b e tw e e n  9 a n d  93 mm) w hile o th e r  rem a in ed  com ple te ly  u n ­
a ffe c te d . Post-seism ic w a te r  leve l is s itu a te d  c o n se q u e n tly  deeper th a n  th e  
p re se ism ic  one.

PLACE AN D ROLE OF THE BIOSPHERE  
IN THE MATERIAL AND ENERGY FLOWS

E . D u d ic h

T h e  biosphere, a v e r y  d isperse  system , is e s se n tia lly  a biosol o f  g lobal 
d im en sio n s , ch a rac te rized  b y  v e ry  high values o f  sp ec if ic  ac tive  surface a n d  o f  
m a t te r  an d  energy e x c h a n g e .

T h e  level o f m o lecu la r b io lo g y  in  s trip  C co rre sp o n d s  to  th e  e lec tro n  an d  
p r o to n  exchange re a c tio n s  a n d  H  bonds in  o rg an ic  m acrom olecules in  s tr ip  В  
a n d  to  U V  and  X -ra d ia t io n  (o f  m utagenic effect) in  s tr ip  A .

T h ere  are tw o h ie ra rc h ie s  in  the  B iosphere. O ne  o f  th e m  (phylogenesis) 
ra n g e s  from  p rim itiv e  u n ic e llu la rs  to  M an. T h e  o th e r  (o rgan iza tion  levels) 
ra n g e s  from  organic m a c ro  m olecules th ro u g h  c e llu la r  o rgans, cells, tissu es , 
o rg a n s , organism s to  c o m p le x  life  com m unities.

T a x a  and  life c o m m u n itie s  f i t  in to  s tr ip  C, th e i r  space-tim e p a ra m e te rs  
b e in g  com m ensurable  w ith  th o s e  o f the  geological p rocesses. (This fa c t serves 
as th e  basis for b io s tra t ig ra p h y .)  In  the  tw o o th e r  s tr ip s  В  an d  A ,  th e  co rre ­
sp o n d in g  phenom ena a re  th e  seism ic and th e  ra d io  w a v e s , respective ly .

T h e  biosphere p la y e d  a  v e ry  im p o rta n t p a r t  in  th e  developm ent o f  th e  
g eo sp h eres  of the  E a r th ,  b e in g  decisive in  th e  c irc u la tio n  of several e lem en ts 
(C, N , О , P  and  o thers). T h is  a c tiv e  in te rac tio n  c a n  a n d  shou ld  be ap p ro ach ed  
b y  c o m p u te r  s im u la tio n  a n d  m odelling.

ON THE CYCLIC AND
PERIODICAL PHENOMENA OF LIVING SYSTEM

T . GjÍ n t i

O ne p a r t of th e  w id e ly  d iffe ren t periodical p h e n o m e n a  to  be o b serv ed  in  
th e  l iv in g  organism s is d i r e c t ly  controlled b y  th e  cy c lic  processes of e n v iro n ­
m e n ts , th ro u g h  osc illa to ry  a u to c a ta ly tic  b iochem ical processes. T heir freq u en cy
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Is a fu n c tio n  o f c o n c e n tra tio n  and  te m p e ra tu re  a n d  th e ir  sp a tia l d im ensions 
are  lim ited  b y  th e  d iffu sio n  an d  th e  in fo rm a tio n  tra n s fe r .

Life tim es a n d  b o d y  d im ensions f i t  fa ir ly  w ell in to  s tr ip  C o f  S zXd e c z k y - 
K a r d o s s ’ tim e-sp ace  d ia g ra m , rang ing  fro m  l . O x l O -4 to  6 .0 x l O 3 c m  an d  
1.2 X 103 to  1.5 X 109 sec, re sp ec tiv e ly . S trip  C c a n  b e  sp lit u p  in to  “ su b s tr ip e s”  
Cl —C4, from  sh o rt- liv in g  co rns th ro u g h  m am m als  an d  insects , b ird s  a n d  fishes 
to  p a rtic u la r ly  lo n g -liv in g  fo rm s o f in sec ts , e .g . th e  bee queen.

I t  is im ag in ab le  t h a t  h u m a n  life could  s t i l l  considerab ly  p ro lo n g a te d  b y  
s tu d y in g  an d  a p p ly in g  th e  decisive m echan ism s o f  b io-chem ical in h ib itio n  su it­
ab le to  p roduce low  “ life -sp eed ” .

HIERARCHICAL CLASSIFICATION OF THE LANDFORMS
AN IN T E R PR E T A T IO N  O F T H E  P E R IO D IC IT Y  O F R E L IE F  D EV E LO PM E N T

M . P É C S I

Microforms

1. D aily  rh y th m : fro s t heaving , san d  r ip p le s , e tc . (D im ensions >  m 2).
2. S easonal rh y th m : snow  form s, d u n es , b an k -slid e  ( <  m 2).
3. E pisodic  p e r io d ic ity : rock- slide, la n d -s lid e  (~< 10 y ea rs  >  k m 2).
4. F orm s due  to  perio d ic  d isequ ilib rium  s ta g e s : m eander cu to ffs , in t r a ­

zonal soil fo rm a tio n s  ( ~  102 years ; <  10 k m 2).

Mesoforms

5. Secular (cyclic) period ic  fo rm atio n s: zo n a l soils, flo o d p la in , c irque, 
e tc . ~  103—104 y e a rs : 102—103 km 2.

6. T erraced  o r s te p p e d  fo rm ations: m u lti- te r ra c e  riv e r v a lley s , ab rasio n  
te rraces  (polycyclic te r ra c e  fo rm ations)2 ~  10® y e a rs , 103—104 k m 2; local relief, 
p ed im en ts, o r single te r ra c e  m ay  form  ~  104— 10s y ea rs  10—103 k m 2.

Macro- and Megaforms

7. A real, s te p p e d , p la n a tio n , surfaces: p e n e p la n a tio n  on a reg io n a l scale, 
p ed im en ta tio n ; one “ d en u d a tio n a l cycle”  la s ts  ~  107 y ea rs ; 103— 10s km* 
(dim ensions w idely  d iffer),

8. S u b c o n tin e n ta l p en e p la n a ta tio n  (po lycyc lic  p en ep la in ): (an c ien t
shields, co n tin e n ta l p la tfo rm s, m assives in  a n c ie n t su b d u c tio n  b e lts )  ~  10® 
y ea rs ; 10® k m 2.

9. C o n tinen ts or ocean  basins (5 • 108— 109 years; 107 km 2).
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T h e  ra te  a t w hich la n d fo rm s  develop is a  fu n c tio n  of th e  e ffic iency  o f  th e  
e n d o g e n ic  and  exogenic fo rce s . F a s t  developing  fo rm s m ay  coexist w ith  fo rm a ­
tio n s  t h a t  are a ltered  a t  a  slow  ra te .

CYCLES AND RHYTHM IN THE TRIASSIC OF HUNGARY

E . V é g h - N e u b r a n d t

T h e  h ie ra rchy  o f  se d im e n ta tio n  cycles m ay  b e  sum m ed u p  as fo llow s (a f te r  
K r u m b e i n  1965):

D im en s io n s  o f  
th e  scd . b a s in  

km *

T hickness o f  th e  
sed im en ts 

m

T im e  o f  fo rm a ­
t io n

m illio n  y ea rs

S ed im en tary  megacycle 1 0 2 — 1 0 4 1 0 2- 1 0 3 lO S-lO 8
Local com plete cycle partial cycle, semi-cycle 1 0 2 - 1 0 3

м
 О
 

r—1
Jоr—

i 1 0 e - 1 0 7

C yclothem  group -within one lithologic un it 1 0 2 - 1 0 3 W - I O 2 1 0 0 - 1 0 7

Cyclothem 1 0 1— 1 0 2 io - ^ io 1 1 0 1— 1 0 *

C yclothem  member 1 0 l O ^ - l O 1 1 0 3 - 1 0 *

M icrolayer w ithin one cyclothem m em ber 1 0 - 3 - 1 0 2 i o - 3- i o - 2 1 0 - 1 - 1 0 2

T h e  T e th y s m egacycle cu lm in a tin g  in  th e  T ria ss ic  has s ta r te d  in  th e  P e r ­
m ia n  a n d  ended  in  th e  C re taceo u s. I t  com prises num ero u s m inor sem i-cycles 
p a r t ia l  a n d  local cycles.

T h e  T riassic re p re se n ts  n o  idea l cycle in  H u n g a ry . I n  th e  T ra n sd a n u b ia n  
C e n tra l  M ountains, th e  M ecsek  M ountains a n d  in  th e  Göm ör K a rs t  i t  beg ins 
w ith  c o n tin e n ta l sed im en ts  p assin g  in to  n ea r-sh o re , shallow -w ater, c las tic  
m a r in e  sed im en ts , w hile in  th e  B ü k k  M ountains P e rm ia n  m arine se d im e n ta tio n  
w as c o n tin u e d .

T h e  deepest basin  c o n d itio n s  p reva iled  in  th e  B ak o n y  M o u n ta in s  from  
th e  M id d le  A nisian th ro u g h  th e  M iddle K a rn ia n , in  th e  M ecsek M o u n ta in s  in  
th e  A n is ia n  only, and  in  th e  B ü k k  M ts. from  th e  L a d in ia n  th ro u g h  th e  N o rian .

T h e  regressive se d im e n ts  are  well deve loped  in  th e  Mecsek M ts, w hile  in  
th e  T ra n sd a n u b ia n  C en tra l M o u n ta in s  th e  sequence  grades in to  th e  Ju ra ss ic  
w ith  su b -m a rin e  d isso lu tion  p h en o m en a  only.

C yclo them s have b e e n  m o s t th o ro u g h ly  s tu d ie d  in  th e  T ra n sd a n u b ia n  
la g o o n a l facies from  th e  L a d in ia n  th ro u g h  th e  B h a e tia n . T hey  m ay  e v e n tu a lly  
c o rre sp o n d  to  25 800 y e a r  c lim a tic  cycles.

F a u n a l  cycles tu rn e d  o u t  to  be m uch s h o r te r  in  th e  basin  facies th a n  in  
th e  p la tfo rm  one (34 A m m o n ite s  an d  30 C onodon t zones opposed to  9 M ega- 
lo d o n tid a e  and  5 D asy c lad aceae  Zones.)
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RELATIONSHIP BETWEEN THE STRUCTURE OF THE 
INNER PLANETS AND THE HIERARCHY OF TH EIR  

SURFICIAL PROCESSES

A. K ő h á t i

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 I

S p h ere E a r th M er- L a n a P b o b o s
c u ry (M oon) D eim os

Hydro-
Biogenic sedimentation +
Aqueous sedimentation + +sphere
Glacial sedimentation + +

Atmo- Aeolian sedimentation + ? +
sphere Chemical wathering + + +

Tectonism + + +
Litho- Volcanism + + + + +

sphere Im pact crater formation + + + + + +
Physical decomposition of rocks + - b + + + +

Some of the characteristic structural parameters are given in:

Table П  (after: K u s k o v )

P ressu re
(k b a r)

T e m p e ra tu re
(K°)

D ia m e te r ra t io  
(P lan e t/co re)

a t  th e  m a n t le  co re  b o u d n a ry

E arth 1400 4000 1.8

Venus 1400 4000 2.0

Mars 2 5 0 -3 0 0 1 0 0 0 -1 5 0 0 3.4

Mercury 100 1 4 0 0 -2 0 0 0 1.2

Luna 50 1 0 0 0 -1 5 0 0 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 .  S z E I D L

D u rin g  th e  life o f a s ta r  long  stages o f  n u c le a r  fusion  (10~5—1010 y ea rs) 
a l te r n a te  w ith  m uch  sh o rte r  s tag es  of g ra v ita tio n a l c o n trac tio n . T he d im ension , 
e f fe c tiv e  te m p e ra tu re  o f th e  su rface  (Te) a n d  lu m in o s ity  (L) o f th e  s ta r  v a ry  
a c c o rd in g ly . T he p h y sica l p ro p e rtie s  of a s ta r  a re  co rre la ted  w ith  its  p o s itio n  
on  th e  lo g  L —log T e p lan e , i.e . on  th e  th e o re tic a l H e rtz sp ru n g —R usse ll d ia ­
g ra m  (H R D ).

C e rta in  com b in a tio n s o f  p a ram e te rs  (d e p th  o f H e l l  io n iza tio n  zone, 
o p a c i ty  d epend ing  on  p re ssu re ) m ake s te lla r  a tm o sp h e re s  p u lsa tio n a lly  u n ­
s ta b le . T h e  range  o f  p a ra m e te rs  t h a t  allows th is  in s ta b il i ty  is lim ited , th e re fo re , 
th e  p u ls a t in g  s ta rs  are  lo c a te d  in  a n arrow  s tr ip  o f  th e  H R D  (so-called in s ta b il­
i t y  s t r ip ) .  S tars crossing th is  s tr ip  in  th e  course  o f  th e ir  evo lu tio n  becom e 
v a r ia b le  s ta rs .

A c tu a lly  m ore th a n  10 000 s ta rs  of p e rio d ic a lly  chang ing  lu m in o s ity  are  
k n o w n , w ith  periods ra n g in g  fro m  0.01 to  300 d ay s .

M u ltip le  p e rio d ic ity  is  also com m on, m ak in g  possib le to  d e te rm in e  th e  
d im e n s io n  an d  th e  m ass o f  th e  s ta rs  in  q u estio n .

T h e  ch a ra c te ris tic  basic  periods of th e  s ta rs  f i t  in to  s tr ip  В  o f  S z á d e c z k y - 
K a r d o s s ’ d iagram .

CYCLES OF SUPRAINDIVIDUAL BIOLOGICAL SYSTEMS 
AND THE SPIRAL CHARACTER OF BIOLOGICAL CYCLES

T . J e r m y

A n im a l species e x is t in  n a tu re  as series o f  populations. The p o p u la tio n  is 
th e  t o t a l i t y  o f  in d iv id u a ls  b e tw e e n  w hich re g u la r  ex ch an g e  of genetic  in fo rm a ­
tio n s  o c c u r. T herefo re, th e  p o p u la tio n  is th e  u n i t  c a r ry in g  th e  genetic  changes o f 
th e  sp ec ie s .

T h e  space p a ra m e te r  o f  an im al p o p u la tio n s  d ep en d s  on th e  size o f  th e  
in d iv id u a ls  as w ell as on th e i r  a b ility  of d isp e rsa l. I t  varies b e tw een  102 an d  
107 cm .

T h e  m o st im p o r ta n t  cyclic  process d e te rm in in g  th e  persistence  as w ell 
as th e  g e n e tic  changes (a d a p ta t io n , evolu tion) o f  th e  species, is th e  generation 
cycle. I t s  tim e  p a ra m e te r  v a rie s  w ith in  th e  lim its  o f  10е an d  108 sec. T hese tw o 
p a ra m e te r s  p u t  th e  an im a l p o p u la tio n s  on th e  sy s te m  o f sp ace /tim e  c o o rd in a te s  
b e tw e e n  th e  s trip s  В and  C a d ja c e n t to  th e  la t te r .
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G enera tion  cycles o f  an im al p o p u la tio n s  can  be reg a rd ed  a lso  as fu n d a­
m e n ta l processes o f  zoocenoses since th e y  rep re sen t cyclic c h a n g e s  in  th e  age 
s tru c tu re  o f p o p u la tio n s , i.e . in  th e  re la tio n sh ip  o f  popu la tions a n d  co n seq u en tly  
in  th e  flow  o f m a tte r  an d  energy  w ith in  a n d  betw een  th e  p o p u la t io n s . As the 
zoocenoses are  b u ilt  u p  o f  p o p u la tio n s , th e i r  space and  tim e  p a ra m e te rs  are 
e q u a l to  tho se  o f  th e  p o p u la tio n s . T h u s , an im al p o p u la tions, a n im a l species, 
an d  zoocenoses can  be  p laced  on th e  sam e  a rea  in  the  sy s te m  o f  space/tim e 
co o rd in a te s .

I t  has been  p o in te d  o u t b y  J .  H o rv á th  (in th is  v o lu m e  p . I l l )  th a t  
b io logical system s a re  ch a rac te rized  b y  irrev e rs ib le  changes. S u c h  changes are 
th e  fo llow ing: aging on  th e  in d iv id u a l lev e l, evolution (in sp ec ies), a n d  succes­
sion  (in  biocenoses) on  th e  su p ra in d iv id u a l level. Thus, a ll cy c lic  biological 
processes are  in  r e a li ty  spiral ones.

T he sp ira l is th e  s teep e r th e  m ore irrev e rs ib le  changes o c c u r  in  th e  system  
w ith in  one cycle. E .g . “ sp ira lity ”  o f  p h y sio log ica l cycles ( r e s p ira t io n , h ea rt 
rh y th m , etc .) is neg lig ib le  w hile cycles o f  su p ra in d iv id u a l b io lo g ic a l system s 
(g en era tio n s in  p o p u la tio n s , etc .) h a v e  a  m u ch  m ore p ro n o u n c e d  sp ira l char­
a c te r . T he degree o f  “ sp ira li ty ”  can  b e  de te rm ined  b y  th e  q u a l i ty  and 
q u a n t i ty  o f  changes in  the in formation content o f th e  system  d u r in g  one  cycle. 
E . g. one g en era tio n  o f  a  m icrobe o r o f  a n  in sec t p o p u la tio n  m e a n s  ap p ro x ­
im a te ly  a  c ircu la r cycle because  d u rin g  i t  l i t t le  changes o c c u r  in  th e  infor­
m a tio n  c o n te n t h a rb o u re d  in  th e se  b io log ica l system s. O n th e  c o n tra ry , one 
g en e ra tio n  in  h u m a n  p o p u la tio n s  c o n ta in in g  a huge a m o u n t o f  biological, 
c u ltu ra l , social, e tc . in fo rm atio n s , m e a n s  a v e ry  steep sp ira l u n i t .

THE UNIVERSAL RELATION OF CYCLICITY AND 
THE SOCIAL ORGANIZATIONS

Á . O n d v á r i

A ccording to  th e  u n iv e rsa l r e la tio n  o f  cyclic ity  (in th e  fo llo w in g  ULC), the  
n a tu ra l  cycles an d  rh y th m s  are lin e a r  fu n c tio n s  of th e  lo g a rith m s  o f  space and 
tim e . In  th e  CGS c o o rd in a te  sy stem  th e  d iffe ren t anorganic p h e n o m e n a  appear 
a long  p ara lle l lin e s .1
O ur aim  is to  o u tlin e  w h e th e r th e  s ta te m e n ts  of th e  U L G  c o n ce rn in g  the 
ano rg an ic  p h en o m en a  are  va lid  also fo r  th e  social phenom ena o r  n o t  an d  w hat 
is  th e ir  re la tio n  to  th e  b io logical b rid g e  o f  th e  ULC. In  th is p a p e r  a  sk e tc h  from

1 S z â d e c z k y - K a iîd o s s  E .: A z univerzális ciklustörvény (The U niversal L aw  of Cyclicity) 
MTA X. Oszt. Közi. 8, 1 - 2 ,  1975.
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th is  v iew poin ts will be  g iv e n  concerning th e  o rg a n iz a tio n -lik e  social p h e n o m ­
e n a .

A ccording to  R . L . A c k o f f .2
— “ An o rg an iza tio n  is  a  purposeful sy s te m  t h a t  con ta ins a t le a s t tw o  

p u rp o se fu l elem ents w h ich  h a v e  a  common p u rp o se .
— A n o rgan iza tion  c o n s is ts  o f elem ents t h a t  h a v e  a n d  can exercise th e ir  

o w n  w ills . . .
— A n o rgan iza tion  h a s  a  functional d iv is io n  o f  la b o r  in  p u rsu it o f  th e  

c o m m o n  purpose(s) o f  i ts  e le m e n ts  th a t  define i t  . . .
— The fu n c tio n a lly  d i s t in c t  subsets (p a r t  o f  t h e  system ) can resp o n d  to  

e a c h  o th e r ’s behavior th r o u g h  observation  or c o m m u n ic a tio n  . . .
— A t least one s u b s e t  o f  th e  system  h as  a sy s tem -co n tro l fu n c tio n ” .
I n  th e  case of socia l o rg a n iz a tio n  m an is d ir e c t ly  o r  ind irec tly  th e  basic

e le m e n t o f  the  o rg an iza tio n  a s  a  purposive sy stem . A t th e  sam e tim e, m an  seem s 
to  b e  o n e  of the cycle a n d  r h y th m  phenom ena o f  n a tu r e .  As th e  f irs t s tep  i t  is 
to  h e  in v estig a ted  to  w h a t e x t e n t  can  be th e  m a n  in te rp re te d  as a c o n tin u o u s  
(re v e rs ib le )  i.e. rh y th m ic  a n d /o r  cyclic m ovem en t.

T h e  a lte rna tion  o f  m a n ’s aw ake (conscious) a n d  sleeping (subconscious) 
s t a t e s  is a  rhy thm ic p h e n o m e n o n . In  the ev o lu tio n  o f  th is  rh y th m  as w ell as in  
i t s  a lte rn a tio n  the  ax ia l r o t a t i o n  o f the E a r th  a n d  i t s  revo lu tion  a ro u n d  th e  
S u n  h a v e  g reat sign ificance .

T h e  jo in t effect o f  b i r t h  a n d  death  rep resen ts  a n  o th e r  rh y th m ic  m o tio n  
te n d e n c y  th a t  is ir re v e rs ib le  f ro m  th e  po in t o f  v ie w  o f  th e  ind iv idual b u t  is 
re v e rs ib le  when considering  th e  hum an  species.

R egard ing  the  cycles o f  th e  individual th e  sp a c e  a n d  tim e p a ram e te rs  o f  
th e  h u m a n  body and  o f  t h e  h u m a n  ac tiv ity  sh o u ld  be  d istinguished . T h e  
h u m a n  body can be c h a ra c te r iz e d  b y  its height a n d  b y  th e  age of fertile  w om en. 
T h e  p a ra m e te rs  of human a c tiv ity  can  be m ost s im p ly  d e te rm in ed  by  th e  d a ily  
“ w a lk in g  distance”  o f m a n  (T a b le  1).

T h e  space and  tim e  p a ra m e te r s  of the rh y th m ic  m o tio n  of d ifferen t social 
o rg a n iz a tio n  can be e x p la in e d  b y  th e ir  form ing a n d  ceasin g  as follows.

Table 1

Sign in  th e  f ig u re  a n d  t e r m s Space p a ra m e te r T im e

Human ac tiv ity  M ’ 5—20 km 24 hours
Human body3 0.8—2.2 m 12 — 55 years

2 R . L. A c k o f f : Towards a  sy s te m  of systems concepts. M anagem ent Science, 17, 1971.
3 T he space param eters ch an g e  during the individual ev o lu tio n , the data of baby- an d  

ch  idhood  are no t considered.
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Table 2

D en o m in a tio n  o f  th e  social 
o rg an iza tio n

T im e p a ra m e te r  (es tim a ted ) Space p a ra m e te r  (es tim a ted )

m in im u m m ax im u m in te rv a l m in im um m ax im u m in te rv a l

v a lu e s (sec) v a lu e s (cm )

a. Family-like several days several centu­
ries

10" - 1010 several metres 1000-2000 km 103-1 0 *

b. Enterprise-like several weeks several centu­
ries

10e- 1 0 10 several hun­
dred m

several thou­
sand km

10* - 10»

c. Party-like several days several centu­
ries

10s- 1 0 10 several hun­
dred m

several thou­
sand km

10‘ - 10»

d. Church-like several years several millen­
nia

ог-н1s

several hun­
dred m

several thou­
sand km

10s- 10»

e. “ Maffia” -like several years several centu­
ries

108—IO10 several m several thou­
sand km

10s- 10»

f. Nation-like several centu­
ries

1 -2
millennia

1010—1011 several km 1 — 2 thou ­
sand km

10«-10*

g. Empire-like several years several thou­
sand years

10e- 10” several hun­
dred km

several thou­
sand km

5 ■ 107-1 0 *

h. Social systems several centu­
ries

several thou­
sand years

1010—1011 several ten  — thousand km 10»—2  • 10»

i. Social organizations resulted by 
the evolution of the terrestrial life

several days ten-thousand
years

10s- 3  • 10“ several m 40 000 km 103—4 • 10»

s
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T h e  formation  o f  so c ia l o rg an iza tio n  is th e  d a te  w hen th e  e s se n tia l fea ­
tu r e s  h a v e  developed a n d  th e  rea liza tio n  o f  th e  goal has s ta rted .

Ceasing of th e  social o rg a n iz a tio n  is th e  d u ra tio n  w hen tho se  n ew  o rg a n i­
z a tio n s  a re  a lready  d ev e lo p ed  w ith in  th e  o ld  one th a t  are going to  re p la c e  th e  
r e c e n t ly  p rim arily  p re d o m in a tin g  o rg an iza tio n .

T h e  sp a tia l ex ten s io n  o f  th e  social o rg a n iz a tio n  is rep resen ted  b y  th e  re ­
g io n  in  w h ich  th e  m em bers o f  th e  o rg an iza tio n  a re  ac tive  in  an  o rg an ized  form  
to  r e a c h  th e  goal. T he sp ace  p a ra m e te r  o f  a  soc ia l o rgan iza tion  eq u a ls  to  th e  
m a x im a l  lo n g itu d in a l le n g th  o f  th e  p re d o m in a tin g  p rim ary  epoch o f  th e  social 
o rg a n iz a tio n .4

B ecau se  of th e  sm a ll n u m b e r  o f th e  re p e ti t io n  o f tim e  p a ra m e te rs  th e  
c o n tin u o u s  (reversible, i.e . rh y th m ic  and  cyclic) c h a ra c te r  o f  social o rg a n iz a tio n s  
sh o u ld  h e  accepted  w ith  re se rv a tio n s . Since th e  U L C  is, how ever, d e m o n s tra te d  
in  a  lo g -lo g  co-ord inate  sy s te m , th is  allows e s tim a tio n s  w ith in  ra th e r  w ide  lim its .

Fig. 1. L ocation  of social organizations in the diagram  of th e  universal law of cyclicity . (For
signs /le tters/ see T able 2)

4 T he  spatial extension changes during the evolution o f organization. W ithin th e  sane: 
sp a tia l extension  there are o rganizations of different “ density” .

A cta  Geologica Academiac Scientiarum Hungaricae 23, 1980
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In  T ab le  2 th e  m in im al an d  m a x im a l va lues o f th e  space a n d  th e  tim e  
p a ra m e te rs  o f  social o rg an iza tio n s ex p erien ced  so fa r  are co m p reh en d ed . These 
p a ra m e te rs  in te rv a ls  are  rep re sen ted  in  th e  U L C -diagram , to o  (F ig . 1). I t  can 
be s ta te d  from  th is  fig u re  th a t  th e  gen era l i fram e  o f th e  space a n d  tim e  p a ra m ­
e te rs  o f  socia l o rgan iza tions (d o tte d  lines) is enclosed b y  a sem ic ircu la r  line 
d e te rm in ed  b y  th e  p a ra m e te rs  o f  th e  re v o lu tio n  o f  th e  p la n e ta r  s y s te m , o f  th e  
so la r ro ta tio n , o f  th e  te r re s tr ia l  ro ta t io n , o f  th e  h u m a n  a c tiv ity  a n d  o f  th e  h u ­
m an  body .

In  F ig u re  1 th e  sites o f each  social o rg an iza tio n s  signed b y  a —h  (see T ab le  2) 
are  in d ic a te d  b y  re c ta n g u la r  fie lds. T h e y  o v erlap  each  o th e r to  c e r ta in  ex ten t. 
T h e  fig u re  d em o n stra te s  also th e  e s tim a te d  m o s t f req u en t space a n d  tim e  p a ra m ­
e te rs  o f  social o rgan iza tions (m ark ed  b y  arrow s). T he estim a ted  m o s t freq u en t 
space  an d  tim e  p a ram e te rs  o f  re a l socia l o rgan iza tio n s are u n i te d  w ith in  the  
fie ld  “ T ”  (F ig . 2).

Special a t te n tio n  shou ld  be a t t r ib u te d  to  th e  o rg an iza tio n  o f  “ m affia” 
c h a ra c te r  d e m o n s tra te d  in  F ig . 2 b y  th e  tw o  p o in ts : m affia  o f  S ic ilian  ty p e  e 
an d  m a ffia  ch a rac te rized  b y  sm all n u m b e r  o f  elem ents e. T he l a t t e r  one calls

19 Acta Geologica Academiae Scientiarum Hungaricae 23, 1980

Fig. 2. “T” branch of the universal law of cyclicity



2 9 0 O N D V Á R I, A.

th e  a t t e n t io n  to  th e  s ig n ifican ce  o f th e  o rg an iza tio n s  ch a rac te rized  b y  th e  le a s t  
n u m b e r  o f  e lem ents, i.e . to  th e  h u m an  pa irs , lo v e , fr ien d sh ip , m arriag e . T h e y  
are  d e c is iv e  in  th e  e v o lu tio n  o f  th e  social o rg a n iz a tio n s . T he sh o rte s t “ p assin g  
a f fa ir s ”  o f  h u m an  p a irs  b e in g  v e ry  freq u en t d u rin g  th e  h u m a n  ev o lu tio n  c a n  be  
c h a ra c te r iz e d  b y  107 sec a n d  103 cm  p a ram e te rs  (p o in t s in  F ig . 2). T h e  m easu res  
o f  o rg a n iz a tio n s  of sm all n u m b e r  o f elem ents a re  seen  in  T ab le  3.

Table 3

Sign in  th e  f ig u re  a n d  te r m
Tim e Space

p a ra m e te r s

H um an pair (s) several months to 
70 years,

10-1000 m

i. e. i. e.
107 to 2 • 109 sec 103—105 cm

F ig u re  2 shows a ll th e  e s tim a te d  space a n d  t im e  p a ram ete rs  o f  th e  m o s t 
f r e q u e n t social o rg an iza tio n s . A ssum ing co n tin u o u s  ev o lu tio n  th e  “ T ”  socia l 
b ra n c h  o f  th e  e stim a ted  m o s t fre q u e n t space a n d  t im e  p a ram e te rs  o f  real social 
organizations is o b ta in ed  b y  com plem en ting  th e  “ T ”  f ie ld  w ith  th e  areas m a rk e d  
b y  d o t te d  line and  u n itin g  w ith  th e  “ S ”  range. T h is  b ra n c h  jo ins th e  C -strip  o f  
th e  U L C  as an  in d iv id u a l sec tio n . The social b ra n c h  p a r t ly  overlaps th e  ra n g e  
o f g r e a te r  tim e  p a ra m e te rs  o f  th e  biological b r id g e  ev en  su rpassing  i t  a t  th e  
side o f  g re a te r  tim e  p a ra m e te rs .

I n  fa v o u r of a m ore  e x a c t  p ic tu re  i t  w ould  be  w o r th  while to  dea l w ith  th e  
re la tio n sh ip  o f space p a ra m e te rs  an d  e lem en ta ry  d e n s ity  o f  social o rg an iza tio n s , 
w ith  th e  “ fin e -s tru c tu re ’ ’o f  “ T ”  b ran ch , an d  w ith  th e  ex p lan a tio n  o f  th e  in c li­
n a t io n  o f  “ T ” -b ranch  in to  th e  m a in  strike  o f th e  s tr ip s  A , В  and  C.

Acta Gtologica Academiae Scientiarum  Hungaricae 23, 1980
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