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From

Rhythms: basic properties of lifebasic properties of life

To

Rhythms -- chronomes, i.e., broader

time structures anchored in

genomes communicating with

chronomes around the biosphere --

are lifeare life



Life’s temporal structures consist of

chaotic changes and rhythms

undergoing trends for a sufficient

duration to possibly

1. reproduce,

2. evolve and

3. contribute to

an accumulating body of

information, the noosphere.



The subtraction and addition

approach, carried out both by

humans (removing a gland and

replacing its hormone) or by their

cosmos (removing or damping

vs. amplifying a spectral

component) reveals life’s

communications, without and far

beyond telephones.



Life, at all levels -- bacterium, single cell,
organism, population or ecosystem --

involves
• photic, somewhat regularly periodic, and

• nonphotic, irregular, aeolian (quasi-
periodic) cycles, the still-predictable
element of broader time structures --

chronomes -- also consisting of chaos and
trends.



Red aurora of the great magnetic storm, 31 March - 1 April 2001, in Apatity,
Russia (courtesy of Sergey Chernouss and Natalia Belisheva).



WHAT IS LIFE ?

The Physical

Aspect of the

Living Cell

by

Erwin

Schrödinger

19461946



Last headings from Schrödinger “What is life?”, p. 83-86

67. The motion of a clock

68. Clockwork after all statistical
69. Nernst’s Theorem

When does a physical system -- any kind of association of
atoms -- display “dynamical law” (in Planck’s meaning) or
“clock-work features”? …

70. The pendulum clock is virtually at zero
temperature
71. The relation between clockwork and organism

“Statistico-determinism” underlies free will.



ARBEITSKREIS: MEDIZIN
von Assistent Dr. F. Halberg, Innsbruck
Sonderabdruck aus dem: “Jahrbuch der
Internationalen Hochschulwochen des

Oesterreichischen College
19461946”



Franz Halberg: Jahrbuch der Internationalen
Hochschulwochen des Österreichischen College 1946, p.
336:

The elements of a body’s motion are not
the movements of its material points, but
the simply periodic waves of matter in the
overall configuration space.
(“Die Elemente der Bewegung eines Körpers sind danach nicht die
Bewegungen seiner materiellen Punkte, sondern die einfach
periodischen Materiewellen im ganzen Konfigurationsraum”).



A spectrum
covering 18 orders
of magnitude in the
frequency domain;
e.g., myriadennian

periods in the
extinction of genera

…
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MYRIADENNIANS IN THE DIVERSITY OF GENERA* 

Time (millions of years, Myr) 
*On the ocean floor 0-542 Myr ago. From Cornélissen G, Bakken EE, Sonkowsky RP, Halberg F. A 38-

million-year cycle among myriadennians in the diversity of oceanic genera. III International 

Conference, Civilization diseases in the spirit of V.I. Vernadsky, People's Friendship University of 



… to aim at a unified,

transdisciplinary

science, with special

methods.



TRANSDISCIPLINARILY APPLICABLE METHODS ILLUSTRATED FOR WOLF’S RELATIVE

SUNSPOT NUMBERS (IA-D), TERRESTRIAL TELESCOPE-ASSESSED SOLAR MAGNETISM

(IIA-C) AND SOLAR WIND SPEED (IIIA-C)









SBS



Visible and

many

invisible

Signatures

down here

photic and

nonphotic



THE NORMAL RANGE (left)

HAS MORE THAN CLOCKS (middle): IT CONTAINS

CHAOS, TRENDS AND A SPECTRUM OF CYCLES (right)









 



Transdisciplinary Mapping 

of about 21-year Spectral Components
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Bipolarity Hale Cycle (110 years)
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Nonlinear Period Estimate ( !) and 95% Confidence Interval (years)
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Systematic blood pressure,

heart rate, other psycho-

physiological and archival

monitorings serve health care

and track solar variability

(space weather).



Visible environmental photic cycles (the

day & year) coexist and intermodulate

with wobbly non-photic cycles, with
periods, !, ranging from about (~) 2 or 4

weeks, the ~5-month ! of solar flares, the

~6-month ! of geomagnetic activity and !s

shorter or longer than a year, not to
mention !s ranging from decades to

millions of years.



Nonphotics are related, among others, to

corpuscular radiation, magnetism broadly,

gravitation and volcanism; they are coded

in genes of populations expressed

differently as a function of age in

individuals and interact, compete and may

be traced by phylogeny and ontogeny.



LARGER  ABOUT-WEEKLY   THAN  ABOUT-DAILY  CYCLE 

in ELECTRICAL  POTENTIAL  of  a  UNICELLULAR  ALGA  

ACETABULARIA  ACETABULUM   EVOLVED  500  MILLION  YEARS  AGO *  
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*  Nonlinear spectral analysis on signal -averaged data from 20 single cells, released (zero time) into continuous light (LL), after 

prior standardization in light and darkness alter nating at 12 -hour intervals (LD12:12) for up to one week. Total number of 

observations: 38,578; experimental span: 376 days. Note a more prominent amplitude (A) for a component with a period near a 

week, than the As of the about daily and about half -weekly  components (all free -running). The circaseptan A is eqated to 100 and 

the other As are expressed as percentage of the circaseptan. Metaanalyzed data of Dr. Sigrid Berger, Dr. Lübbo von Lindern and 

the late Dr. Hans -Georg Schweiger.  
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CHANGING   AMPLITUDE  

of SOME COMPONENTS in a PARTIAL SPECTRAL  ELEMENT 

of  the  POSTNATAL  HUMAN

DIASTOLIC  BLOOD  PRESSURE  CHRONOME*   

* in a healthy boy, born 19.10.1992, whose blood pressure was measured at mostly 30-minute intervals 

from 20.10 for the ensuing 40 days, and analyzed as a moving spectrum in separate weekly intervals, 

displaced in 12-hour increments through the data set. An initially greater prominence of infradians (see 

~ 1 week c, left), shown by height and color, corresponding to a larger amplitude, contrasts with the 

prominence of circadians and circasemidians in later weeks of life, while any ultradians with still higher 

frequencies and any trends and chaos, two other chronome elements, are here unassessed.
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Maps of spectral mechanisms serve to

optimize individuals’ and populations’

performance and health maintenance.

A remove-and-replace approach (of the

testes and the adrenals) led to

endocrinology and to chronobiology.











SCN

ablation

compatible

with

persistence

of many

circadians



 

                                     

Acrophase Chart  

of Several Clock Genes  

in Different Tissues of Mice 

after 3 Days in Continuous 

Darkness (DD) 
 

Summary of 24-hour cosine fits 

Sequence of events of different clock genes: Heart
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Sequence of events of different clock genes: Liver
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Sequence of events of different clock genes: Stomach
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Sequence of events of different clock genes: Kidney
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Sequence of events of different clock genes: Spleen
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Sequence of events of different clock genes: Lung
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Sequence of events of different clock genes: Testis
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Addition of magnetic activity by

magnetic storm





MELATONIN  DYNAMICS  IN  RATS’   

HYPOTHALAMUS (HT, middle) AND  PINEAL (PIN, below) 

DURING  MAGNETIC  STORM (ST)  AND  QUIET  (Q) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     ST = 2 days of the second part of a moderate double magnetic storm, Q = 2 days 

of magnetic quiet, gauged by the geomagnetic equatorial disturbance index Dst in 

nT (plotted, top) of -115 and -80 and Kp (a planetary magnetic disturbance index of 

slightly above 6 in arbitrary units in each storm (Kp not shown). 

* HALO = hours after light on. Vertical lines straddling bars are 95% confidence 

intervals. P < 0.05 in each comparison, except for ! in hypothalamus. 
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Data analyzed by Hans W. Wendt



Data analyzed by Hans W. Wendt



Data analyzed by Hans W. Wendt



Data analyzed by Hans W. Wendt



Violence and/or Terrorism

[51 events from Princeton database “Noosphere”]







Nonlinear analysis: Period (y) [95%CI] Amplitude [95%CI]
                                                                          (N/day) 
                                 26.65                     0.27
                          [23.47, 29.82]          [0.18, 0.36]
                                   1.34                     0.09
                          [  1.32,   1.37]          [0.00, 0.17]



Suicides in Minnesota 

Referred to Calendar Date of Death (1968 - 2002)
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Suicides in England and Wales 

Referred to Calendar Month of Birth

0

1

2

3

4

5

6

7

8

0 10 20 30 40 50 60 70 80

Frequency (cycles per 12 years)

S
u

ic
id

e
s

 (
N

/1
0

0
,0

0
0

 B
ir

th
s

)

1.0y        0.5y

~0.42y
~2.2y

0.73y*
~7.5y

* Validated nonlinearly: Period = 0.727y (95% confidence limits: 0.703, 0.751y). Data from (1).



Sudden Cardiac Deaths (Minnesota, 1999 - 2003)
Monthly averages
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Incidence Pattern of Sudden Cardiac Deaths (Minnesota: 1999-2003)

calendar year (NS)

           half year (NS)

      1.39y     (P=0.014)

[1.17, 1.61]

    0.42y   

(P=0.009)

[0.40, 0.44]

NS: Not statistically significant 

       (P>0.05)



Least Squares Spectrum of SCD in Tokyo 
(1998-2005, ICD10 I46.1, pooled men and women)
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Life can be viewed as a set of
superficially transient

self-sustaining organized
structures in time, communicating

with their very broad cosmos.



Rational countermeasures to
sudden cardiac death, suicide and
terror, i.e., for preventing society’s
ills, are the promise of looking at

life as time structures.



The now-possible detection of
variability disorders for the

prevention of severe diseases
such as strokes were within the

scope of last Tuesday’s lecture by
Prof. Kuniaki Otsuka.











CHRONOMICS:  

NEARTRANSYEARS  AND  A  NEARCISYEAR  

AROUND (1 - 3)  AND  IN (4 - 9)  ORGANISMS

1-2 = data from OMNI 2; 3 = first 131 years (y); 4, 5 = sectoring, i.e., probable 

mutations and/or other genetic changes; 6 = Circadian acrophase of oxygen 

production during 14 y; 7 = ~half-hourly records during more than 6 y; 8 = daily 

excretion for 15 y of urinary steroidal metabolites (17-ketosteroids, CH);

9 = incidence in Minnesota. Circle: period, point estimation; horizontal line 

through circle: conservative 95% confidence interval. 
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CHRONOMICS:  21.0-YEAR-ACROPHASE  (!)  CHART

in  ANTHROPOMETRY,  DEMOGRAPHY,  SOCIOLOGY
and  PHYSICS

ENVIRONMENT
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CHRONOMICS:  10.5-YEAR-ACROPHASE  (!)  CHART

in  ANTHROPOMETRY,  DEMOGRAPHY,  SOCIOLOGY
 and PHYSICS
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There is nothing over which a free man
ponders less than death: his wisdom is,

to meditate not on death but on life

(Homo liber nulla de re minus quam de morte cogitat;
et ejus sapientia non mortis sed vitae meditatio est)

Spinoza, Ethics, P. IV, Prop. 67
(Cited by Schrödinger, “What is life?”, p. viii)



Scheme 1:  Imaging biological structural diversities in space -time for alignment with complementary environmental 

struc tures*  

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 

DIVERSITY IN  

SPACE: GENETICS  

 

VARIABILITY IN  

TIME: CHRONOBIOLOGY  

 

MAPPING 

GENOMICS  CHRONOMICS  

*An outcome of puzzles encou ntered in the 1950s (Halberg and Visscher 1950; more in Halberg F et al, J Circadian Rhythms, 

http://www.jcircadianrhythms.com/content/pdf/1740 -3391/1/2.pdf)  

**Based on usually time -, gender -, age -, geography -, ethnicity - and social class -unspecified norma l ranges that constitute the curtain of 

ignorance drawn over everyday physiology by homeostatic baselines, lifted by imaging time structures of rhythms with frequencies covering 

over 10 orders of magnitude in and around us  

 

 

HOMEOSTASIS maps  only outside  

normal range, only by spotchec ks, thus 
only the abnormal, flying mostly blind  

with respect to NORMALCY  

 

 

Functional genomics based on time structures 

(chronomes) assesses the variability of everyday 
physiology and may allow molecular biology to focus 

on the normal as well as on the grossly abnormal  
CHRONOMICS maps within  

normal range, with time series  
yielding novel reference values, 

opening eyes  for estimating the 

NORMAL   

The major merit of chronomics in its own right is the quantification of normalcy and the detection of earliest risk elevation, 

shadowing meritorious current, only circadian approaches to jet lag, shift -work and even the addition by timed treatment of 
years to a cancer patient's (partly  high quality) life, achievements second only to prevention: PRE -habilitation rather than only 

REhabilitation, the basis of a timely and timed treatment of risk elevation for health promotion  

ENVIRONMENT  



Chronomics, the

study of time

structure



1. Differentiates MESOR-
hypertension from new vascular
variability disorders (VVD) or a
syndrome (VVS), features of
prehypertension, prediabetes
and a premetabolic syndrome –
a basis for an individual’s now-
feasible PREHABILITATION;



2. found intermodulations among
seen photic and nonphotic
components in and around us,
coexisting and competing and
even replacing each other as a
function of geographic location;



3. maps mechanisms, e.g., of
myocardial infarction, sudden

cardiac death, suicide, proselytism,

crime and terrorism, for any
congruence and for consequences of
subtraction and addition of
environmental “everyday” cycles and
of extremes -- magnetic storm vs.
magnetic quiet;



4. eventually to develop
countermeasures to
undesirable effects, for
prehabilitation, prevention of
societal disease, of
“infections of minds” (such
as crime and terrorism).



All on the basis of

chronomics:

a “microscopy” and

“telescopy” in time

providing indispensable

control information.
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