
Φυσικός Χρόνος- η νέα αντίληψη 

για το χρόνο. 
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Εισάγεται νέα μέθοδος ανάλυσης χρονοσειρών πολύπλοκων 

συστημάτων. Η ανάλυση αυτή γίνεται σ' ένα νέο πεδίο 

χρόνου που ονομάζεται Φυσικός Χρόνος και είναι ιδιαιτέρως 

χρήσιμη στην πρόβλεψη κρισίμων φαινομένων (π.χ. Σεισμοί, 

Προσεισμικά Ηλεκτρικά Σήματα). 

Παναγιώτης Βαρώτσος 

Ομότιμος Καθηγητής Φυσικής ΕΚΠΑ 



Σχεδόν 5 δεκαετίες: 

 

•1971-1980: Θερμοδυναμική πλεγματικών ανωμαλιών 

(με Καίσαρα Αλεξόπουλο και Wolfgang Ludwig)       
Born M., and Ludwig W., Zeitschrift für Physik, 150, 106 (1958) 

 

•1981-1990: Πειραματική ανίχνευση προσεισμικών 

ηλεκτρικών σημάτων (ΒΑΝ) 

 

•1991-2000: Θεωρητική θεμελίωση των ιδιοτήτων των 

σημάτων ΒΑΝ 

 

•2001-σήμερα: Μια νέα αντίληψη για τον χρόνο. 

Φυσικός χρόνος χ. Πρόταση και εφαρμογές 



3 The monograph by P. Varotsos and K. Alexopoulos, entitled “Thermodynamics of Point 

Defects and Their Relation with Bulk Properties”, published in 1986 by North-Holland 



Schematic diagram of the early model of Varotsos and Alexopoulos, which shows that 

before the fracture an electrical signal is emitted, which constitutes the SES.  
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Schematic diagram showing the precursory behavior in the case of the VAN 

method (a), in contrast to other suggested mechanisms in which the 

anomalous precursory behavior becomes more intense when approaching the 

EQ occurrence (b). 
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7 The solid circles mark the nine stations operating today.  



8 
P. Varotsos, N. Sarlis, and E. Skordas, " Α note οn the spatial extent of the Volos SES sensitive 

site", Acta Geophysica Polonica, Vol. 49 (2001),  425-435.  

Dipoles at Volos Station 



9 
Schematic explanation of why a station located at site “O” on the Earth's surface is 

“sensitive” to record preseismic electric signals, SES.  

PHYSICS TODAY, January 1998 
              PHYSICS UPDATE 



10 Selectivity maps for two stations: Ioannina (IOA) and Assiros (ASS) 
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How the SES amplitude measured by the ratio ΔV/L, recorded at two 

directions EW and NS, increases with increasing earthquake magnitude. 

For all stations and all seismic areas: universal slope ~0.35 



Δt  r2 

Δt≈1sec for r~100km 
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P. Varotsos, N. Sarlis and E. Skordas, Appl.Phys.Lett.86, 194101 (2005) 

 

The SES electric field component have different time-evolutions 



Two main results emerge from the calculation: (1) Concerning the electric field 

components: The component Eρ (i.e., perpendicular to the surface of the cylinder, 

associated with the accumulation of charges on the cylinder’s surface) reaches detectable 

values earlier than the component Ez (which, inside the cylinder, accompanies the high 

current density). (2) The magnetic field Bφ (which is measured again at ρ=2R=1km, z=80 

km) appears practically simultaneously with Ez and their forms seem to coincide, as 

expected.  

 

In other words, in the model the magnetic field Bφ accompanies the high current density 

flowing inside the cylinder. The latter, however, is «delayed» compared to the field Eρ that 

signifies the accumulation of charges at the interface. We note that stable solutions for a 

dipole source oriented almost perpendicular to the neighboring conductive path, which is 

likely to be the case for an SES emitting source, have not yet been achieved. 



16 
The cover of the book entitled “Physics of Seismic Electric Signals” by P. Varotsos 

released in 2005 by TerraPub in Tokyo.  
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The four preseismic electric signals SES that were recorded in Ioannina station on 

August 31, 1988. (a) a photocopy of the original recording  

(b) shows the electric signals in an expanded scale  
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The first page of the article in the journal Science, volume 

270, pages 911-912, 1995. 



The Proceedings of the Conference at the Royal Society of London in 1995 (Μay 11,12) 

“A CRITICAL REVIEW OF VAN: Earthquake Prediction from Seismic Electric Signals” 
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The article by the distinguished 

Professor Sir James Lighthill, Chairman 

of the conference at the Royal Society 

of London in 1995, which summarises 

the conclusions.  
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The preseismic electric signals (SES activity) at Ioannina 

station on April 18, 1995 recorded at dipoles of various 

orientations and lengths L  
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The prediction sent on April 30, 1995 to the State (the Minister and Deputy Minister 

of Public Works and Environment) as well as to several research institutes abroad.  
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The main article in the newspaper THE TIMES of London, which informs the 

day after the event (June 16, 1995) that the earthquake in Eratini-Egion had 

been predicted  
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The prediction text that was sent by fax on May 20, 1995 to the State and to 

several research institutes abroad. The map of the prediction was also 

attached.  
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Μία νέα άποψη για τον χρόνο, ο φυσικός χρόνος –που συμβολίζεται διεθνώς με το χ 

(από την ελληνική λέξη χρόνος)- προτάθηκε από το 2001.  

 

Ο φυσικός χρόνος δεν είναι συνεχής και ως εκ τούτου διαφέρει θεμελιακά από τον 

συμβατικό χρόνο t που θεωρείται συνεχής.  

 

Αποδεικνύεται ότι η ανάλυση στον φυσικό χρόνο εξάγει την μέγιστη δυνατή 

πληροφορία από ένα δεδομένο σήμα που εκπέμπεται από ένα πολύπλοκο φυσικό 

σύστημα. 

  

Η ανάλυση αυτή οδηγεί στο να αναδύονται πολύ σπουδαίες δυναμικές ιδιότητες του 

πολύπλοκου συστήματος που παραμένουν όμως «κρυμμένες» όταν το σήμα έχει 

καταγραφεί στο πεδίο του συμβατικού χρόνου.  

 

Επιπλέον η ανάλυση στον φυσικό χρόνο μας δίδει την δυνατότητα να μελετούμε τη 

δυναμική εξέλιξη ενός πολύπλοκου συστήματος και να προσδιορίζουμε το πότε αυτό 

πλησιάζει ένα κρίσιμο σημείο.  

Φυσικός Χρόνος 
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NATURAL TIME (φυσικός χρόνος) 

Ion current fluctuations in 
membrane channels 

exhibit properties described by 
the “uniform” distribution which 
is completely different from 
those of SES  (critical dynamics)  

Phys.Rev.E 66, 011902 (2002) 

Discrimination of SES 
activities (strongest memory) 
from noise emitted from nearby 
artificial sources  
Phys.Rev.E67, 021109 (2003); 
CHAOS 19, 023114(2009); 20 
033111 (2010); Tectonophysics 
503, 189-194 (2011). 

Similar looking signals that are 
emitted from systems with 
different dynamics can be 
distinguished.  
Modern techniques of statistical 
physics, e.g., Hurst Analysis, 
Wavelet transform, Detrended 
Fluctuation Analysis (DFA) etc. 
should be better made in natural 
time.  
Phys. Rev. E 68, 031106 (2003) 

Analysis of  
electrocardiograms in natural 
time: 
The sudden cardiac death 
individuals are distinguished 
from the truly healthy ones as 
well as from patients. 
Phys. Rev. E 70, 011106 
(2004);Phys. Rev. E 71, 011110 
(2005);Appl. Phys. Lett. 91, 
064106(2007);  EPL 87, 18003 
(2009)  

Earthquakes:  
•Universal curve. 
•Order parameter 
•which exhibits significant 
fluctuations before mainshocks  
•Identify magnitude correlations 
•Studying the seismicity after an 
SES activity, we can determine 
the time-window of the 
impending mainshock with 
good accuracy of a few hours to 
a few days.   
   

•High Tc-superconductors 
(Small changes in the magnetic 
field can result in large 
rearrangements of fluxing the 
sample, known as flux avalanches) 

•Rice piles  
(Self Organized Criticality) 
Phys.Rev.B 73, 054504 (2006); 
EPL 96, 28006 (2011) 

•Critical Systems in general 
Proc. Nat. Acad. Sc. USA 108, 
11361-11364 (2011)  

The entropy S changes to S-  
under time reversal. 
Phys.Rev.E71, 032102 (2005) and 
its change can be used for 
predicting  the avalanches in the 
OFC  Tectonophysics 513, 49 
(2011) 

It was suggested by P. Varotsos, N. Sarlis and E. Skordas, Practica of Athens Academy 76, 294 (2001). It 
extracts signal information as much as possible Phys. Rev. Lett. 94, 170601 (2005) . For a recent review see P. 
Varotsos, N. Sarlis and E. Skordas “Natural Time Analysis: The New View of Time” Springer-Verlag (2011). 
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The book entitled "NATURAL TIME ANALYSIS: THE NEW VIEW OF TIME, Seismic 

Electric Signals, Earthquakes and other complex time series" by P. Varotsos, N. 

Sarlis and E. Skordas released in 2011 by Springer.  
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Practica of Athens Academy 76, 294 (2001) 



p. 499, Feller, Vol.II 

Hence, since   
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Hence, since the moments of the distribution are calculated from the behavior of 

the characteristic function φ→0, we focus on the small φ-values (see next …..)  

p. 512, Feller, Vol.II 



Phys. Rev E 72, 041103 (2005)  





 



The normalized power spectra )(  for SES activities (dotted lines) and artificial noises (broken 

lines). They correspond to 07.01   and 0833.0
12

1
1  , respectively. The lower solid curve 

corresponds to the ICFMCs (labeled biological membrane), while the upper solid curve to the 

theoretical estimation for critical phenomena. For the sake of clarity, the curve corresponding to the 

“uniform” distribution (
12

1
1  u ) was not drawn: this lies very close and only slightly below the 

ICFMCs. The inset refers to the range 1.00  . 
SES activities Universality!!!   Universality!!! 



Several Modern Procedures to distinguish true preseismic signals (critical 

dynamics) from “artificial” noise: 

 Normalized power spectrum Π(ω)  (or 
22

1   ) 

 Hurst 

 Detrended Fluctuation Analysis (DFA) 

 Multifractal DFA 

 Wavelet Transform 

 Entropy 

ATTENTION: All the above in natural time 
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Physical Review E  70, 011106 (2004) & Physical Review E  71, 011110 (2005)  



The entropy in natural time 

Sχlnχ-χln χ 

(Varotsos et al., Practica of Athens Academy 76, 294 (2001); Phys. 

Rev. E. 68, 031106 (2003); ibid 70, 011106 (2004)) 

 

S is a dynamic entropy and hence differs essentially 

from the usual static entropy: 

Shannon: -Σpi lnpi 

 

When reversing the time arrow, S changes to S-  

(casual operator) 

Varotsos et al., Phys. Rev. E 71, 032102 (2005) 

 

For criticality: Both S and S- are smaller than that of a 

“uniform” distribution   0966.04122ln uS  

 



Varotsos et al., Phys. Rev. E 70, 011106 

(2004) 

Varotsos et al., Phys. Rev. E  71, 011110 (2005) 
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k
k  k : k th event 

N : total number of events 

Mainshock 

(tk ,Ek)          (k ,Ek) 

Natural Time 

Critical State 

Conventional Time 

Identifying the Occurrence Time of an Impending Mainshock 
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22
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Compute the variance 

of  natural time series (k ,Ek) , 

      where  

pk is the normalized energy of event at χk=k/N 
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Namely, κ1 is variance of k with weight pk      

What happens  when Crit. Pt. is approached? 

and 

1 0.07 At criticality: 

Practica of Athens Academy 76, 294 (2001) ,  

Phys. Rev. E 66, 011902 (2002) 
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The 6.9 earthquake on 14 February 2008 

in southwestern Greece. The public 

warning. 

 

The strongest earthquake in Greece since 

almost 34 years. 

When the expected magnitude is around 6.0 or larger, 

the SES activities are submitted for publication  

well in advance 
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Photocopy from the scientific website www.arXiv.org of the Library at Cornell University, 

which –as clearly written– gives free access to current research in Physics etc. 
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The first page of the article by P. Varotsos, N. Sarlis and E Skordas that was publicised 

on February 1, 2008 on the scientific website of the Library at Cornell University. 
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Page 12 of the article publicised on February 1, 2008. See the section shown by the 

arrow, which reports that two sets of new preseismic signals (SES activities) were 

recorded on 10 and 14 January at the stations PAT and PIR, respectively  
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The preseismic electric signals recorded at the stations PAT [(a) above] and PIR [(b) 

below] on 10 and 14 January respectively, as publicised on February 1, 2008.  
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The front page of the newspaper ETHNOS on Sunday February 10, 2008 entitled 

“Forecast-mystery for an earthquake of 6 Richter”. Furthermore, the publication of 

this newspaper wrote “…a strong earthquake greater than 6.0 Richter is imminent”  



The rectangle outlined in red is described on page 12 of the 

article released on February 1, 2008 as being the most likely 

for the upcoming earthquake 
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The article of Professors SEIYA UYEDA and MASASHI KAMOGAWA in the 

journal EOS of the American Geophysical Union, on 23 September 2008 .  
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Physical interconnection of SES with 
Seismicity 
The minimum of the fluctuations β of 
the order parameter κ1  of seismicity, 

 β ≡ σ(κ1)/μ(κ1),  calculated for the 

specific scale W=a few hundreds of 
events  (which corresponds to the lead 
time of SES) occurs almost 
simultaneously  with  the SES activity 
initiation 
 Varotsos  et al, Seismic Electric Signals: An additional fact showing their physical 

interconnection with seismicity, Tectonophysics, Vol. 589 (2013) 116-125. 
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Proc. Natl. Acad. Sci. U.S.A.   

109, 19125-19128 (2012) 
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The fluctuations of the order 
parameter of seismicity κ1, 
   

β ≡ σ(κ1)/μ(κ1), 
     

calculated for scales comparable 
to the average lead time of SES 
activities, exhibit characteristic 
minima a few months before 
strong earthquakes 
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2011 

2003 

1994 

Proc. Natl. Acad. Sci. U.S.A.   

112, 986-989 (2015) 



Σας ευχαριστώ πάρα πολύ! 


