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The location of living matter in universe. 
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Due to the closeness of these ratios, it is clear that the structure  

of the universe is controlled by the gravitational force and the 

 structure of living matter by the electromagnetic force. 
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Time direction 
I.     the time of human consciousness – a sequence of  experiences 

     becoming  being 

II. time in biology – parameter of development,  

      birth    death 

      thermodynamics –impossibility of returning to the initial state 
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The beginning of the 

universe 

--the evolution of the 

universe in  time 

The collision of the THEIA 

with the Earth—the formation 

of the moon 

Giant asteroid caused  

extinction of dinosaurs  

66 million years ago 





Evolution is the change in the hereditary characteristics 

of biological populations over successive generations. 

The last universal common ancestor (LUCA) is the last 

population from which all organisms now living on Earth 

share a common origin. 

https://en.wikipedia.org/wiki/Evolution 
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Nowadays, thermodynamics is understood as a 

physical discipline that starts from the general laws of 

the transformation of energy and matter and draws 

consequences from them. 
(dialectic of MATTER and FIELD) 

 

 

It investigate real bodies - thermodynamic systems (hereafter referred to 

as systems), which consist of a large number of mutually acting 

(interacting) parts - subsystems (e.g. atoms, molecules, etc.). Examples 

from everyday life: solid body, liquids, biological individual or part thereof, 

ecological system, etc. 

 

 

By interaction we mean all known ways of mutual influence between 

bodies and their parts in nature. It mainly concerns the exchange of all 

forms of energy, momentum and matter. 



Examples of open systems 

Living cells - blood  Solids and fluids Living tissue 

Animals and human being 
EARTH 



Evolution in  

energy  

transformation 



Muscle force generation --molecular motors 









Balance of total energy  I. Law of Thermodynamics 



Balance of entropy – II. Law of Thermodynamics 







Gibbs definition of entropy 



Balance of entropy based on Gibbs definition 
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Perpetuum mobile 

I. type – violation of the law of total energy balance 

II. type – lossless transformation of individual types of energy 

between each other 
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Atomic structure  

Ludwig Boltzmann (1844 -1906) 

Statistical  thermodynamics 

        S = k ln Pr 

Bring vor, was wahr ist; 

Schreib’ so, daß klar ist 

Und verficht’s, bis es mit dir gar ist 

Say what is true; 

Write it so that it is clear 

And defend it until you are satisfied 

Boltzmann equation for molecular collisions 

Maxwell-Boltzmann distribution 



ENTROPY S 
(Greek origin ntroia - change insite) - macroscopic quantity exhibiting collective  

properties of matter; a measure of randomness in an evolution of a system 
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   R. Clausius       - 1865;                   - phenomenological approach

   L. Boltzmann    - 1877;  v      - microscopical approach

* J. W.  Gibbs       - 1900;                 

F F

2 0d S 

 - probabilistic approach

  A. Einstein         - 1910;                    - thermodynamics of fluctuations

* 

Fluctuations  around the  equilibrium (reference) state reduce 

the entropy of the system.
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L. Onsager        - 1933;   

                                                       - cross effect

  E. Schrödinger  - 1945;     - each biological system  is driven by a flux of negati
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   I. Prigogine       - 1947;     - principle of minimum entropy production

* M. Eigen            - 1957;      - competition between polymers

* I. Prigogine       - 1977;                   - theory of open systems
The stability of an open system is  ensured b

 * Nobel

y its growth.

All proteins on Earth are made up of only 20 amino acids

 Prizes in Chemistry





If we assume that the system contains a sufficient number of particles, and is close to  

a stable dynamic equilibrium, then we can only consider a normal (Gaussian) distribution.  

We will start from the relation for the probability distribution of acting quantities  

around the reference (or equilibrium)  
iX

0iX

Normal (Gaussian) distribution of fluctuations 
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Standard deviation or dispersion (often called variance) of fluctuations 

for Gibbs entropy  
1
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Dispersion of temperature 

Dispersion of density 

Dispersion of concentration 



Properties of fluctuations in the thermodynamic steady state 

We will limit ourselves to diffusion and chemical reaction only. 

Condition of steady state stability 

2

𝑅0
 



Comparison with thermodynamic uncertainty relation (TUR) 
It has been found that in steady state the ratio of dispersion (variance)  to mean  can be universally 

 bounded by the entropy production: 

The greater the entropy production              , the less the quantity  

fluctuates around the equilibrium (reference) value. 

We modify the stability condition into a form similar to the relation describing  thermodynamic 

uncertainty for the case of diffusion accompanied by chemical reaction 

The greater the entropy production, the less the concentration 

 fluctuates around the equilibrium (reference) value.. 

for  𝑅0 -- geometric size  

       of the area 

Comparison with quantum mechanical uncertainty: 

 

 

The faster the particle decay (the shorter its lifetime), the less certain is its mass (the larger  

the particle's width). 
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I. Prigogine - 1970 

Theory of open systems 

Decay of dissipative structure   Formation of a new dissipative structure  

(by instability)  

Path to equilibrium 

-biological death 

Path to a greater complexity and to a closer 

 interaction with surroundings 

          -J(S) = P(S) > 0 

0P( S )

0P( S ) 



fluctuation 

phase space 

material system states 

 

 

formation of a new  

dissipative structure 1     2 
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Thermodynamic view of the biological system evolution 





Application of thermodynamic criteria  

to systems with convection. 
 

 

 

 

 

 





The same logical thinking was used  

in deriving Gibbs' definition of entropy 
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Thermodynamic stability 

condition 

Every vortex transforms into a potential vortex 

 





 
Application to the Earth atmosphere: 

 -    Energy and entropy balance of the Earth 

 problem of warming 

 -     Atmosphere instabilities 

 Tropical cyclones, Tornados (twisters) 





29% of energy leaves the Earth in the form of radiation  

and 71% in the form of heat 

29% of energy leaves the Earth in the form of radiation and 71% in the 

form of heat 



Dynamical equilibrium assumption. 

 
What is important is not the flow of energy, but the flow  

of negative entropy 

    145,37 10 W/KJ S P S   

   0,94 ...
rad

P S P S absorption and emission of energy

    133.22 10 W/K0,06 ...
transf

P S P S   material changes on earth surface 

 and movement of atmosphere

Energy input from the Sun is 1017 W 

Civilization generates power about 𝟏𝟎𝟏𝟑 W and corresponding  

entropy production is    103 10 W/K 0,0008
civ transf

P S P S  

 . . 5 10H B SP   9 W/K

The mere existence of 10 billion human beings in basal 

metabolism produces  





3. Origination of tropical cyclones and tornadoes 

The meaning of “Cyclops” in Greek is “ring-shaped eye” 

as well.  

Three specific characteristics of the tropical cyclone (TC)  

are:  

a) an enormous dimension (often more than 2000 km), 

b) one ring-shaped eye (up to 30 km in size), 

c) extraordinary rage (the energy reaching up to 1018 J). 

The most frequent routes of the tropical cyclones. Their average mean number 

 on the Northern Hemisphere counts approximately 30, on the Southern  

hemisphere  some ones less. 



• Application to living systems: 

 
• Energetic limitations of population growth 

 

• Dynamics of ecological system with migration 

     

• Muscle contraction as a function of a molecular motor 
 

• Basal metabolism in humans 

















Muscle contraction 
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Muscle contraction as a function of a molecular motor 

 
Menten-Michaelis kinetics can be used to model muscle contraction, 

 which can be interpreted as a molecular motor. This mechanism can  

be described by the following chemical kinetics 
  

  

  

  



Proper muscle function is ensured under 

conditions of stability 







Who knows the true future state of the system? 
 

 

- where is the truth --- only God knows the truth (G.W.F. Hegel *1770) 

- are the laws of evolution the laws of God? 

- does evolution have anything to do with God? 

 

 

 

- Everyone has to answer for themselves 

- Everyone is largely responsible for their own development - destiny. 

 

 

 



Thank you for your attention and I wish you good luck on  

your journey to the truth. 
It is said that moderate wine consumption helps with this. 

I'm always a little embarrassed by your wine, František. It reminds me partly  

of a 1930 Bordeaux and partly of ant poison. 

Dein Wein ist mir immer etwas peinlich, František. Er erinnert mich teils an einen  

Bordeaux von 1930 und teils an Ameisengift. 


