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Abstract

This paper outlines an alternative exposition of the structure of quantum thermodynamics which is essentially based on Carnot’s theory where fluxes of caloric are identified with negative information fluxes. It is further assumed that the thermal energy evolved by thermal processes is identical with the electromagnetic zero-point background energy evolved by the destruction of information inscribed in a structural unit (qubit). Theoretical arguments on an elementary level are accompanied by illustrative examples.
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Introduction
Motivation for this work was mainly couloirs discussions at two conferences [1] concerning the validity of the Second law of thermodynamics in case where the quantum nature of the system must be taken into account. As we were in the past engaged in research into practical problems requiring consequent application of the so called “mesoscopic” thermodynamics to quantum systems [2-6] we feel ourselves in the position to express our meaning also to some fundamental questions involved. 

Besides analytical mechanics and theory of electromagnetic field, it is thermodynamics that is considered to be a well-established, logically closed theory. There are even various axiomatic forms of the thermodynamics which seem to guarantee absolute clearness of concepts involved. In spite of that we have serious difficulty in finding any book where the subject is treated in a way really clear to an ordinary student. As we are convinced, the very origin of the difficult understanding of thermodynamics is connected just with an inconvenient choice of conceptual basis more than 150 years ago. Traditionally the most obscure is an artificial concept of entropy and rather exceptional form of the “Second law” of thermodynamics. Whereas the universal laws have mostly the form of conservation laws, the logical structure of the Second law is quite different. Ultimately formulated, it is a law of irreparable waste of “something” in every real physical process. This imperative negativistic and pessimistic nature of the Second law is very likely, for philosophers but also for many active researches in the field, the permanent source of dissatisfaction. That is why the criticism aimed at the Second law has the history as long as the Second law itself. Moreover, in recent decade an unprecedented number of challenges have been raised against the Second law from the position of quantum mechanics [1]. These arguments, however, are as a rule, enormously complicated with numerous approximations and neglects and consequently rather questionable.

It is a very old empirical fact that the thermal processes in the nature are submitted to certain restrictions strongly limiting the class of possible processes. The exact and sufficiently general formulation of these restrictions is extremely difficult and sometimes incorrect (cf e.g. the principle of Antiperistasis [7], Braun-le Chatelier’s principle [8] and Second law) but in spite of it very useful. That is why the authors of this paper believe that the Second law (or another law which puts analogous limitations on thermal processes) does reflect experimental facts with an appreciable accuracy and thus it should be incorporated into the formalism of thermodynamics. On the other side, being aware of the fact that the contemporary structure of thermodynamics with its archaic conceptual basis may have intrinsic flaws, we claim that the absolute status of the Second law should not be criticized or denied from the point of view of another physical theory (e.g. quantum mechanics) prior the correction of these imperfections has been made.

Reformulation of Fundamental laws of thermodynamics

A serious flaw in the conceptual basis of classical thermodynamics concerns even the so called First law of thermodynamics. The first step toward this law was made by Benjamin Count of Rumford by the generalisation of his observations made at an arsenal in Munich (1789) [9]. Accordingly, practically unlimited quantity of heat was possible to produce only by mechanical action i.e. by boring of cannon barrels by a blunt tool and this experimental fact was by Rumford analysed as follows: “It is hardly necessary to add, that any thing which any insulated body, or system of bodies, can continue to furnish without limitations, cannot possibly be a material substance: and it appears to me extremely difficult, if not quite impossible, to form any distinct idea of anything, capable of being excited and communicated, in the manner the heat was excited and communicated in these experiments, except it be MOTION”. The same idea that heat absorbed by a body, which is particularly responsible e. g. for the increase of its temperature, is identical with the kinetic energy of its invisible components was further apparently supported by arguments due to J. P. Joule [10]. Results of his ingenious and marvellously accurate experiments have been summarized into two points: The quantity of heat produced by the friction of bodies, whether solid or liquid is always proportional to the quantity of force expended. The quantity of heat capable of increasing the temperature of a pound of water by 1( Fahrenheit requires for its evolution expenditure of a mechanical force represented by the fall of 772 lbs. through the space of one foot. (here the term “force“ has evidently meaning of energy). In spite of clearness of these correct statements, Joule did not stressed out explicitly the fact that in his experiment we have to do only with one-way transformation of work into the heat. Instead he tacitly treated throughout the paper the heat as it were a physical entity fully equivalent or identical with mechanical energy. It was probably due either to influence of Rumford or to the reasoning that in the experiment heat appears just when mechanical work disappears and ipso facto these two entities must be identical. Such an extremely suggestive but incorrect idea was later canonized by Clausius [11] who proclaims an object of thermodynamics to be “die Art der Bewegung, die wir Wärme nennen “ i.e. the kind of motion we call heat.

In the history of thermodynamics objections appeared against such an energetic interpretation of the heat. Unfortunately, these objections were only rare and with no adequate response. One of them is due e.g. to E. Mach [12]. Accordingly, it is quite easy to realize device of Joule’s type where a given amount of energy W is completely dissipated and simultaneously the heat in amount Q = JW is evolved, where J is universal Joule’s proportionality factor. On the other side, as far as it is known, there is no single real case where the same amount of heat Q is transformed back into mechanical work W = Q/J only by reversion the original process. Taking into account this circumstance together with the very generic property of the energy which can be principally converted into another form of energy without any limitation, we must exclude the logical possibility that the heat is energy at all. Of course, postulating the equivalence of energy and heat a meaningful mathematical theory of thermal processes can be (and actually was) established. The price paid for the equivalence principle is, however, rather high. In order to make the theory consistent it was necessary to create somewhat artificial and highly abstract quantities like entropy, enthalpy, free energy, and various thermodynamic potentials the meaning of which is more formal than physical. The mathematical manipulations with their ~720 derivatives and differentials (which are sometimes total) [13] actually do provide results the interpretation of which is, however, rather matter of art than of science. 

Heat as an Entropy-Caloric

Astonishingly an elegant way leading out from these problems was very likely for the first time suggested by Callendar [14] and later in more sophisticated form worked out by Job in his impressive book [15]. The main idea is that the heat in common sense (e.g. as a cause of elevation of temperature of bodies exposed to the heating) should not be identified with a kind of energy but with the entropy which is known from classical thermodynamics. In this case the heat–entropy (() concept attains the content identical with the concept of Carnot’s “caloric” ( [16] whereas the empirical temperature ( (i.e. “hotness”, [12]) automatically starts to play the role of its potential. For the increase of potential energy dє of the amount of caloric ( due to the increase of temperature by d( we may, namely, write: 
dє (( C(()d(,


(1)

where C(() is so called Carnot’s function. It is a well established experimental fact that this function can be reduced to the universal constant ( 1 using instead of arbitrary empirical temperature scale the ideal gas temperature scale T (i.e. absolute Kelvin scale) [17]. In this case for the potential energy є corresponding to the amount of caloric ( kept at the temperature T we can write: 

є ( (T.



(2)
The perfect analogy with other potentials known from physics, such as gravitational and electrostatic potentials, is then evident. After the terminological substitution of heat-energy by heat-entropy it is only a technical problem to reformulate two fundamental laws in a manner which is common in classical axiomatic thermodynamics [18], namely: 
I)
Energy is conserved in any real thermal process.

II)
Caloric (heat) cannot be annihilated in any real thermal process.
Notice that the first and second law, formulated in such a way are conceptually disjunctive because caloric has nothing to do with energy. The possible link between these laws and quantities, however, provides formula (2). We shall not discuss here application of theorem II) to particular cases known from empirical observations of real processes (it is already done e.g. in [15]) but, instead, we proceed further making use of a well established connection between entropy and information as is known from the theory of information [19]. Accordingly, the information has a character of negative entropy (i.e. we write ( ( ( () and therefore, in our old-new provisional terminology, we can identify the production of caloric with the destruction of information and the flux of caloric with the information flux in an opposite direction. Theorem II) can thus be reformulated in terms of information as:
II*) Information (() is destroyed in any real thermal process.
Veracity of this theorem seems to be very obvious at first glance. Indeed, almost everybody has experience that by combustion of newspapers in a stove or petrol in a car engine these materials are lost for ever, together with the information involved. On the other hand, it is little convincing that such a “tiny thing“ as the information is, can really be able to control natural thermal processes. Isn’t it more likely that statement II*) concerns only side-effects taking place in certain cases? We do not think so and we assume that the validity of postulate II*) is quite general and apt for substitution of the Second law of thermodynamics. 

Quantum nature of information bound to caloric


In order to involve the information into the physical reasoning it is first necessary to convert information coded, as usual, in binary units (2 (bits) into the information (p expressed in physical units. This relation obviously reads:
 



(p ( (k ln2) (2,


(3)
where k is Boltzmann’s constant(( 1.38×10-23 J/K) It should be stressed here that by choosing Boltzmann’s constant as a conversion factor simultaneously the absolute Kelvin scale was chosen for temperature measurements.


We assume now that there is no information “an sich” or in other words information needs in all cases a material carrier. From the point of view of macroscopic thermal physics there is, however, fundamental difference between e.g. genetic information inscribed in the DNA and information provided by a gravestone inscribed with personal data. Whereas in the former case for coding of information structural units on molecular level are used, which should be described by microscopic many-body formalism, to the later case rather a macroscopic description in terms of boundary–value problem is adequate. To distinguish without ambiguity between these two extreme cases we need, however, a criterion which, having a sign of universality specifies what the “molecular level is”. As far as we know, a good candidate for such a criterion is modified Sommerfeld’s condition distinguishing between classical and quantum effects [20, 21]. It reads:
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where ( is phase space occupied by a structural unit (“qubit”) where minimally 1 bit information is stored and ( is the Planck’s universal constant (( 1.05×10-34 Js). Direct computation of the action ( corresponding to one atom built in an ordinary crystal, liquid or gas confirms the validity of condition (4) in these cases. It proves the fact that every atom together with its nearest neighbourhood should be treated as a quantum structural unit responsible for information storage on a “molecular level”. Generalizing this result, we can conclude that the very nature of Carnot’s caloric is the destructed information originally coded in occupied quantum states of structural units of which the macroscopic system under investigation consists. 

Inexhaustible source of energy for thermal processes

The mechanism of information transfer through the macroscopic system is assumed to be due to erasing information in one particular structural unit which is influenced by the neighbouring one in the field of long range forces defined by macroscopic system as a whole. There are, however, limitations of such a process. First, as the information storage in both neighbouring structural units is submitted to the same condition (4) it is impossible to exchange more information from one unit to another than ~1 bit per 2(( of the occupied phase space. Second, the exchange of information must be in agreement with boundary conditions put on the macroscopic system as a whole, which are locally realized e.g. by long range forces. It may thus happen that the transfer of some information from one unit to the neighbouring unit is incompatible with these external conditions and information is lost. The loss of information physically means that some characteristic pattern of structural unit has disappeared and a wider class of quantum states becomes accessible. In the frame of the presented model any loss of information should be accompanied with the development of energy. How to explain where the energy comes from?


We are inclined to interpret the stability of quantum objects as a result of existence of zero-point electromagnetic vacuum fluctuations exactly compensating energy loses due to the recoil radiation from this object. Such an approach well known from stochastic and quantum electrodynamics [22, 23], confines our considerations to the systems controlled only by electromagnetic interactions, namely, low temperature plasma, gases, condensed matter and chemical reactions in these systems. Accordingly, the cohesion energy of any such a system is nothing but the energy of electromagnetic modes of the background zero-point radiation accommodated in such a way that they fit the geometry of the system. Characterizing the dimensions of the quantum (() electromagnetic (c) system by a single length parameter a, we immediately obtain for cohesion energy a formula of Casimir’s type by applying dimensional analysis [24]:

є ( ( ((c/a),


(5) 

where the dimensionless parameter ( should be determined from a particular geometry of the system (usually ( ranges from 0.1 – 0.001 [22]). The change of dimension a or complete destruction of a structural unit with energy (5) during thermal process has a consequence that just this amount of energy is developed at the place. As this energy is in fact a modified energy of all-pervasive universal zero-point background, we have to do with an energy supply from practically inexhaustible non-local source of energy. Therefore, within the frame of stochastic electrodynamics every thermodynamic quantum system should be interpreted as an open system even in the case where it is finite.

These studies are the subject of our various interdisciplinary projects and are the continuation of our previous and recent interrelated discussions published in different sources such as papers [3, 25-31] or books [32,33].

Examples

In order to make the presented system of quantum thermodynamics more intelligible we have given three examples illustrating how should be some common observations within the frame of this system interpreted.
1) How does the heat engine work? Heat engine in the sense of original Carnot’s theory is nothing but a kind of mill driven by caloric ( falling from a higher potential T1 (boiler) to a lower potential T2 (cooler). Information thus flows from the cooler with condensed water (better ordered than steam) to the cylinder of engine where the information is destroyed (by weakening of correlations among molecules during the expansion) giving rise to useful work originating in zero-point background. Then the residual information continues to flow to the heater where it is dissolved during ordering of configuration of the steam. Notice that the flow of information and the flow of water are just opposite in this case and that the question how the boiler is heated is put aside. In a typical combustion engine at low temperature the fuel with high information content flows into the cylinder of engine. During the combustion of fuel the information which is coded in its structure is destroyed and the useful work from the zero-point quantum electromagnetic energy is produced there. The information, however, flows inside the combustion space for this type of engine also through the exhaust-pipe so that special attention must be paid to this part.

2) There is an interesting device called Bunsen’s ice calorimeter. As this apparatus works at a well defined temperature TM (i.e. melting temperature of ice ( 273 K) it, in fact, according to equation (2), measures directly inputted caloric and may thus serve as “entropymeter”. Indeed, the information destroyed and the latent energy of melting is connected here in an especially obvious way. An estimate of the latent energy єM per one mol of ice can be obtained immediately in the following way. For the melting of ice it is necessary to break down 4 bonds per every water molecule (the clustering for T(TM is neglected here), which corresponds approximately to the destruction of (2 ( 4 bits of information. Taking into account equations (2) and (3) we can thus write:

єM ( (Nk ln2)TM (2 ,


(6)

where N is Avogadro’s constant (( 6.02 ×1023 mol-1). The estimate of єM then reads ( 6288 J/mol in an excellent agreement with the experimental value ( 6007 J/mol.
3) There are different microscopic parameters characterizing the configuration of a structural unit where the information is stored which can be in principle constructed from quantum numbers describing this system. The relation connecting these microscopic parameters and macroscopic boundary conditions is evidently very complicated. If we, however, as above, confine ourselves only to a single parameter a – characteristic dimension of the structural unit, this relation can by found in an explicit form and compared directly with experimental data. Combining formulae (2) and (3) the temperature change of the potential energy of a structural unit which is due to the erasing of information (2 from it is given by:
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(7)
Substituting for є the Casimir’s quantum cohesion energy (5) we immediately obtain an estimate for the corresponding relative expansion of the unit: 



 d ln a/ dT ( a (k ln2 /( (c) (2.

(8)
Assuming that the thermal process is homogeneous and isotropic, this coefficient must be within the order of magnitude identical with the coefficient macroscopically observed. For typical condensed matter where bond length a ( 4×10-10 m and (2 = 1 we obtain from (8) for coefficient of relative thermal expansion a value of 1.2 ×10-7/( which is near to the values experimentally observed (typically ( 10-5), provided that (( 0.01.
Conclusions

In conclusion, using elementary arguments without mathematical rigor, changes in the conceptual basis and in the structure of quantum thermodynamics have been suggested. The resulting corrected theory is based essentially on the following points:

1) Modified form of Carnot’s theory where caloric is identified with the entropy. 

2) Equivalence of information and negative entropy.

3) Interpretation of stability of quantum objects as a consequence of the existence of electromagnetic zero-point vacuum background radiation.
The authors are further convinced that the structure of quantum thermodynamics as suggested in this paper is apt to reflect the empirical facts in a more intelligible way than the present theories.
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Abstract:

Present contribution briefly describes some historical features, which are focused back to the history of the Middle European learning as promoted by the foundation of the Charles University in Prague 1348. Physics and its neighboring areas are mentioned discussing some crucial scientific contributions and stressing out some prominent scholars, such as Tycho de Brahe, Johannes Kepler, Tadeáš Hájek, Marcus Marci, Jan A. Commenius (caloric), Prokop Diviš, Bernard Bolzano, Christian Doppler, Ernst Mach, Albert Einstein, Václav Šimerka, František Záviška, Čeněk Strouhal, Reinhold Fürst or Stanislav Škramovský (statmograph) and Jaroslav Heyrovský (polarography), the latter being already the representative of modern age. 
Historical Prague and its famous Charles University

One of the most important moments in the history of old Bohemia was the foundation of Charles University in Prague, as the first European university north of the Alps, by Emperor Charles the IV. One of its first achievements was the introduction of medieval kinematics, which was brought to Prague by Johannes de Holandria, an Oxfordian from Merton College, who in the year 1368 provided the so called Merton’ theorem of uniform acceleration to public and detailed this approach during his stay in Prague. Later Czech astronomer 
Jan Šindel (1375-1456) was studying the planetary motion and his astronomical tables were greatly appreciated by Tycho de Brahe while staying in Prague at the end of the 16th century. Šindel had also a share in designing the advanced astrolabe in the famous Prague’s astronomical clock.
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	Fig. 1: From left: Charles University in Prague (founded by Emperor Charles IV. 1348 and some of their exceptional members and associates, astronomer 
Kepler Johannes (1571-1639), rector and mathematician Marcus Marci Ioannes (from Kronland, 1595-1667) and famous professor of mathematics and practical geometry 
Doppler Christian (1803-1853). 



Little renown is Ioannes Marcus Marci  (Jan Marek Marků 1595-1667) who probably helped to reveal the fundamental properties of the spectral colors that emerge when light passes through glass prism, was already aware of their monochromatic properties, i.e., any succeeding refraction or reflection did not change colors. He also studied the color change in rays when spectral colors are mixed and in the field of spectral dispersion of light he was actually a predecessor of Isac Newton. He wrote for that time very advanced books. e.g.  [1], which possibly foreshadowed some laws. Besides the refraction of light he conducted the first-ever systematic study of the impact of bodies, he discovered the difference between elastic and inelastic impacts intuitively moving his thoughts within the reach of the conservation laws. Marci, however, was strongly convinced that white light was the simplest element (‘quinta essentia’), which, interestingly, was close to the subsequent concept of ‘elementary waves’ propounded about fifty years later by Huyghens in the wave theory of light. There, however, is incomplete information concerning Marci`s educational activities. He was the rector of the famous Charles University and, perhaps, introduced a world first specialization called „chimiatrie“, which was conceivably taught as an unusual subject with regards the traditional university disciplines: major ‘artes liberales’  and minor ‘artes mechanicae’ (i.e., learning common crafts such as warfare, navigation, business, agriculture, hunting, medicine or veterinary) but not in ‘artes incertae’ (that was a part of the habitually rejected ‘equivocal arts’ associated with occultism, which traditionally involved alchemy).

Some medivial alchemists and the introduction of caloric
When Rudolph the II. (1552-1612) became the Emperor of the Holy Roman Empire and the King of Bohemia, he provided in Prague court a vital support to alchemists, astronomers and physicists. Among the most outstanding scientists were Tycho de Brahe (1546-1601) and Johannes Kepler (1571 - 1630) whose astronomical observations and calculations were published in the well-known Rudolphine tables. After the death of Tycho de Brahe, Johannes Kepler replaced his position of a royal mathematician in Prague in the year 1601. Using Tycho de Brahe’s data, Kepler determined elliptic orbit of Venus. In his 1609 treatise “Astronomia Nova” Kepler published his two first laws, controlling the motion of planets and according to which the orbit of a planet/comet about the Sun is an ellipse with the Sun's center of mass at one focus
. 

Foremost Czech physician and astronomer, Chef Medical Supervisor of the Kingdom of Bohemia at the court of Rudolph the II, was Thaddaeus Hagecius ab Hagek (Tadeáš Hájek z Hájků, 1525-1600) known as an author of several astronomical tractates and books on geodesy, botanics and medicine particularly acknowledged for the first concise book on the beer-making, ´De cerevisia´ (1585). He essentially helped the flourishing period of alchemy and played a significant role in persuading Rudolph the II to invite Tycho de Brahe to come to Prague. 
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	Fig. 2: From left: Hájek Tadeáš (from Hájků, 1526-1600), Komenský Jan Amos (Comenius, 1592-1670), Prokop Diviš (1696-1765) and 
Bolzano Bernard (1781–1848) 


Special attention should be paid to the Czech thinker and Bohemian educator, latter refugee Jan Amos Comenius (Komenský 1592-1670). In his Physicae Synopsis, which he finished in 1629 (published first in Leipzig in 1633), he showed the importance of hotness and coldness in all natural processes. Heat (or better fire) is considered as the cause of all motions of things. The expansion of substances and the increasing the space they occupy is caused by their dilution with heat. By the influence of cold the substance gains in density and shrinks: the condensation of vapor to liquid water is given as an example. Comenius also determined, though very inaccurately, the volume increase in the gas phase caused by the evaporation of a unit volume of liquid water. In Amsterdam in 1659 he published a treatise on the principles of heat and cold [2], which was probably inspired by the works of the Italian philosopher Bernardino Telesius. The third chapter of Comenius' book was devoted to the description of the influence of tempera​ture changes on the properties of substances. The aim and principles of thermal analysis were literally given in the first paragraph of this chapter: citing the English translation [3] " In order to observe clearly the effects of heat and cold, we must take a visible object and observe its changes occurring during its heating and subsequent cooling so that the effects of heat and cold become apparent to our senses." In the following 19 paragraphs of this chapter Comenius gave a rather sys​tematic description (and also a partially correct interpretation) of the effects of continuous heating and cooling of water and air, and also stressed the reversibility of processes such as, for example, evaporation and condensation, etc., anticipating somehow the concept of latent heat. Comenius concludes this chapter as follows: "All shows therefore that both heat and cold are a motion, which had to be proved.". In the following chapter Comenius described and almost correctly explained the function of a thermoscope (‘vitrum caldarium’) and introduced his own qualitative scale with three degrees of heat above and three degrees of cold below the ambient temperature.
It is difficult to trace and thus hard to say if it was possible (though likely) to disseminate the idea of caloric from Amsterdam (when Comenius mostly lived and also died) to Scotland where a century later a new substance, or better a matter of fire, likewise called caloric (caloricum), was thoroughly introduced. It was assumed, e.g., that caloric creeps between the constituent parts of a substance causing its expansion. Although caloric differed from foregoing concept of phlogiston (because it could be later measured with an apparatus called a calorimeter) it is not clear who was the first using such an instrument. If we follow the studies of Mackenzie and Brush [4, 5] and Thenard [6] they assigned it to Wilcke. It, however, contradicts to the opinion presented in the study by McKie and Heathcode [7] who consider it just a legend and assume that the priority of familiarity of ice calorimeter belongs to Laplace who was most likely the acknowledged inventor and first true user of this instrument (likely as early as in 1782). In fact, Lavoisier and Laplace entitled the first chapter of their famous “Mémoire sur la Chaleur” (Paris 1783) as “Presentation of a new means for measuring heat” whereas the report of calorimetric employment by Black seemed to first appear almost a century later in the Jamin’s Course of Physics (Mallet-Bachelier, Paris 1868). 

Caloric was seen as an imponderable element with its own properties. Unfortunately, the great propagator, Joseph Black (and his student Irvine), published almost nothing in their own lifetimes [8] and their attitudes were mostly reconstructed from contemporary comments and essays published after their deaths. Black supposed that heat was absorbed by a body during melting or vaporization, simply because at the melting- or boiling- points sudden changes took place in the ability of the body to accumulate heat (~1761). Irvine’s account that the relative quantities of heat contained in equal weights of different substances at any given temperature (i.e., their ‘absolute heats’) were proportional to their ‘capacities’ at that temperature and it is worth noting that the term ‘capacity’ was used by both Black and later also Irvine to indicate specific heats [8]. Black also introduced the term ‘latent heat’ which meant the absorption of heat as the consequence of the change of state. 

Black’s elegant explanation of latent heat to the young Watts became the source of the invention of the businesslike steam engine as well as the inspiration for the first research in theory related to the novel domain of thermochemistry, which searched for general laws that linked heat, with changes of state. Rumford presented qualitative arguments for such a fluid theory of heat with which he succeeded to evaluate the mechanical equivalent of heat. This theory, however, was not accepted until the later approval by Mayer and, in particular, by Joule, who also applied Rumford’s theory to the transformation of electrical work. The use of customary units called ‘calories’ was coined by Clément, who was giving in 1824 the following definitions: a “small calorie” allowed to increase by one degree the temperature of 1 g of water, whereas a “large calorie” allowed to melt 1 g of ice. The word “calorie” was then introduced into the vocabulary of academic physicists and chemists (Favre and Silbermann [9]) in 1845. The characterization of one kilocalorie as 427 kilogram-meters was launched by Mayer in the year 1845. The caloric-like description of heat as a fluid has survived, nevertheless, until today being a convenient tool for easy mathematical description of heat flows [3, 10-14]. Recently we tried to refresh the concept of caloric in the view of entropy and its connection to information [15].

Worth noting is the theory of Prokop Diviš (Divisch 1696–1765), which belongs to early pioneering times. Accordingly, “Light of the First Day of Creation” (האור של יום אחד) is regarded to be identical with electricity, which is an inherent quality of all things, permeating the whole Universe and manifesting itself by electric and thermal phenomena [16]. Such an idea is, surprisingly, in an apparent agreement with the modern idea of electromagnetic zero-point background radiation [17]. 

Important role played the Prague Jesuit College of Clementinum and its famous library and observatory (opened in the 1720s) where about 1780 Antonin Strnad (1747-1799) laid the foundation to the oldest known series of systematic metrological observations. Worth noting are physicists and mathematicians Josef Stepling (1716-1778) and Jan Tesánek (1728-1788) who published many original studies and initiated publishing of Prague edition of Newton’s ‘Principia’ supplemented with his own commentaries, in that time best edition reasoned with better mathematical background.   
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	Fig. 3: From left: Václav Šimerka (1819 – 1887)
, Friedrich Reinitzer (1857 – 1927)
 Ernest Mach (1838 – 1916),
 Albert Einstein (1879 – 1955)



Renaissance of Prague physics

The first half of the 19th Century mathematical and physical studies in Prague became again on a par with the world science. Important role paid some scientists such as František J. Gestner (1756-1832) who is also known as a pioneer of the railway transport in Europe. Excellent achievements are duly associated with the name of Bernard Bolzano (1781-1848) particularly in mathematical logic and analysis and with his friend Christian Doppler (1803-1853) who came to Prague from Vienna in 1829. His famous paper was inspired by astronomical phenomenon: the components of many binary stars differ from each other in color. Though, according to present knowledge, the observed color difference is due to the difference of surface temperatures and not to the difference in radial velocities, the principle itself is correct, being verified, e.g., in acoustics and optics. In 1867 arrived to Prague Ernest Mach (1838-1916) and spent there nearly 30 years. He is known for his discussion of Newton’s Principia and critique of conceptual monstrosity of absolute space in his book ‘The Science of Mechanics’ (1883). Mach encouraged and inspired one of his students (later professor of theoretical physics) Jan Koláček (1851-1913) to study some of his hypothesis later approving that the Mach’s theory correctly describes the dispersion of light, dichroism and circular birefringence. The Mach successor at Prague German University was Ernst Lecher (1856-1926) who is well known for his research on electromagnetic waves (i.e. Lecher wires). Mach also analyzed conceptual basis of calorimetry from more general, almost philosophical, point of views [18]. His influence on the further development of physics was tremendous and he established a mathematically specialized school - a great deal of his attention devoted to optics and acoustics. One of his personal scientific contacts was Czech famous Jan E. Purkyně (1787-1869) internationally known for discoveries in physiology. Another young assistant of Mach was Čeněk Strouhal (1850-1922), later first Czech professor appointed for experimental physics. His studies in acoustic are well known and the Strouhal’s number concerning friction tones (oscillation) is named after him. He wrote and exceptional book on heat called ‘Thermics’ [19].
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	Fig. 4: From left: Čeněk Strouhal (1850 – 1922) František Záviška (1879 – 1945), 
Jaroslav Heyrovský (1890-1967), Stanislav Škramovský (1901 – 1983)



Czech priest (and, unfortunately, rather unknown mathematician) Václav Šimerka (1819–1887) introduced quantitative evaluation in psychology (logarithmic connotation of feelings) providing early basis for the theory of information [20]. Czech-born Friedrich Reinitzer (1857–1927) is famous as the discoverer of cholesterol (including its metamorphosis and stoichiometry formulae C27H46O) and is also known for his pioneering work in the field of liquid crystals (latter widespread by O. Lehmann). Bohumil Kučera (1874-1921) examined effect of electrical polarization on surface tension in the interface of two liquids prompting the idea of a new technique latter know as the drop-weight method, which provided physical basis for a new, today widely utilized,  analytical method called polarography [21] as introduced by Jaroslav Heyrovský (1890-1967), which was awarded by Nobel price in 1959 [22].

An original development of weight measurements is connected with the name Stanislav Škramovský (1901-1983), who, at the Charles University, investigated thermal decomposition of complex oxalates which led him in 1932 to his own construction of an apparatus named “stathmograph” (from Greek “stathmos” = mass, weight) [23] that made it possible to measure mass changes. Independently, in the same time Duval used for his way of weight measurements the Latin-based term “thermogravimetry” that later became generally accepted in thermal analysis. As the principle scheme of the stathmograph instrument is not generally known, it is perhaps worth mentioning to describe the arrangement. Škramovský placed a weighted sample into the drying oven on a dish suspended on a long filament passing through a hole in its upper wall (forming the balance case) and hooked to the left arm of an analytical balance. A mirror attached to the beam was reflecting the image of alight slit into a slowly rotating drum lined with photosensitive paper. The unwanted vibration was reduced by an attached glass rod immersed into paraffin oil and temperature was registered automatically by means of a mercury thermometer provided by platinum contacts distributed along the whole length of capillary. 


A most prominent personality, which spent fruitful time in Prague was Albert Einstein (1879-1955) [24], a German physicist, originator of theories of relativity, laws of motion and rest, simultaneity and interrelation of mass and energy, quantum theory of photoelectric effect, theory of specific heats, Brownian motion, etc. (see the book ’Builders of the Universe’ 1932). In 1911 he obtained his first professorship at theoretical physics at the German University of Prague where he closely cooperated with his friend professor of mathematics, Georg Pick (1859-1942). While in Prague he published 11 papers, most extensive being the survey of the theory of specific heats and very important were studies related with his favorite problem – the interaction of radiation with matter and effort to construct a relativistic theory of gravitation [25].   

Worth noting is the so called Planck-Einstein transformation formula for temperature which reads T = To ([1- (v/c)2)] [25] and is possibly related to the previous dissertation work by K. von Mosengeil, posthumously published in Ann. Physik 22(1907)867. It means that the temperature of a body observed from the system moving with a relative velocity, v, is lower than the temperature in rest system. Basing on this idea in the article published in Ann. Physik 26(1908)1, Planck assumed that the First and Second Law of thermodynamics keep their form in all inertial frames. In the year 1953, however, Einstein wrote a letter to M. von Laue in which he doubts the correctness of this formula and rather speculated about a formula used inverse (temperature as observed in moving system is higher). This statement, which was latter proved by H. Ott [26], thus reads as T = To /([1- (v/c)2)]. In both these cases information about the temperature is regarded to be mediated by the coherent electromagnetic radiation. Interestingly, in the case, where temperature is considered to be essentially local property and the thermometer reading is transferred to moving system, e.g., by means of digital coding, the temperature, in the contrast to both above formulae, must be considered as ralativistically invariant. 

Another distinguished, but unjustly not very appreciated, savant born in Prague was Reinhold Fürth (1893 – 1979) who devoted his scientific life to the research into the fundamentals of statistical physics [27]. Besides an extensive work concerning Brownian motion and noise phenomena he is also author of stochastic interpretation of quantum mechanics [28]. Accordingly to this theory, the Schrödinger equation is nothing but the classical diffusion equation with complex diffusion constant ~j/2m. This statement became later a corner –stone of so called stochastic electrodynamics, which provides an alternative to quantum mechanics [29].

One of the outstanding teachers, who earned great merit for introducing modern theoretical physics and thermodynamics to the curriculum of Charles University, was Frantisek Záviška (1879-1945). One of his textbooks was the first monograph on relativity published in Czech and he is an author of excellent books on thermodynamics [30]. He also concerned waveguides and independently deduced relevant theory early before the microwave technique became important. Other notable physicist was Augustin Žáček (1886-1961) who studied damped electromagnetic oscillations in vacuum electronic systems. His extended studies culminated at 1924 in the discovery of the principle of magnetron, later becoming the basis of radar systems. 
The historical development and use of the methods of thermal analysis in the territory of former Czechoslovakia is linked with the names Otto Kallauner (1886-1972) and Jospeh Matějka (1892-1960) who introduced thermal analysis as the novel technique during the period of the so called “rational analysis” of ceramic raw materials [31]. Much credit for further development of modern thermal analysis is attributed with Rudolph Barta (1897-1985) who stimulated his coworkers (Vladimír Šatava) and his students (Jaroslav Šesták) at the Institute of Chemical Technology in Prague (the latter mentioned names became also initiators of the foundation of the International Confederation for Thermal Analysis in the year 1965 [32]).

Some other details were published elsewhere [31-34].
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An Outline of Caloric Theory of Quantum Systems. I. Phenomenological Theory 
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ABSTRACT
The aim of this contribution is to present an alternative approach to the thermal physics of quantum systems and to initiate a discussion concerning the related problems of fundamental nature. Classical thermodynamics which is essentially based on a fatal misinterpretation of experimental facts known as the Principle of Equivalence of Energy and Heat compensates this flaw by introducing a difficult quantity lacking clear physical meaning called entropy. As this concept generates an endless chain of paradoxes connected mainly with the Second Law of Thermodynamics, we are convinced that the structure and conceptual basis of thermal physics should be changed, prior to the solving of more complex problems involving quantum phenomena. We argue that a good candidate for such more satisfactory theory is modified Carnot’s theory reintroducing an old-new physical quantity, ”caloric”. In the first part of our outline thus reader is customized with the basics of our phenomenological theory of caloric.
1. INTRODUCTION
This paper considers an alternative approach to the treatment of thermal processes taking place in quantum systems. This subject should be, however, strictly distinguished from that of so called quantum thermodynamics based on the consequent implementation of quantum-mechanical concepts and ideas into classical thermodynamics as known from standard textbooks. The classical thermodynamics, a phenomenological theory the foundations of which were basically laid down at the second half of the 19th century by Joule, Rankine, Clausius and Kelvin, pretends the most general description of thermal processes in real systems without making use of their molecular (atomic) structure. Besides analytical mechanics and theory of electromagnetic field, it is just the classical thermodynamics that is considered to be a well-established and logically closed theory. Various axiomatic forms of classical thermodynamics together with use of highly sophisticated mathematics seem to guarantee the absence of internal inconsistencies and absolute clearness of concepts involved. These are the reasons for widely admitted belief that this theory provides a reliable and quite general frame for further development of particular microscopic models enabling deeper understanding of the nature of real thermal processes.

That such belief may be mere an illusion has recently been revealed, e.g. during a rather confusing discussion concerning the validity of the Second Law of Thermodynamics for small quantum systems [1]. Moreover, the discussion evoked a strong suspicion that we have to do with a problem which is linked directly with the flaws in conceptual basis of classical thermodynamics. In this connection let us recall that the history of science provides numerous examples of cognate situations where additional introduction of an abstract, as a rule not quite intelligible, mathematical structures to a certain extent compensate for the mistakes in a construction of the conceptual basis of particular scientific theory. The resulting theory, of course, being free of internal contradictions and in reasonable agreement with the experience was, naturally, considered to be a “good” theory. In case, however, where a really complex problem has to be faced the accumulation of abstract entities effectively disabled its solution or even lead to absurdity (e. g. phlogiston theory). The most reliable remedy in such cases is probably the revision and change of the conceptual basis itself. It should be stressed here that the serious objections against the logical correctness of the conceptual basis of classical thermodynamics do already exist and are relatively well documented [2-7]. In spite of that, these works are unjustly ignored in the relevant literature. This is valid especially for textbooks where “apocryphal” nature of these papers, providing an alternative insight into such a badly intelligible science as classical thermodynamics undoubtedly is, might has a high potential to “perplex” student’s minds. 

As we are convinced, the very origin of the difficult understanding of thermodynamics is connected just with an inconvenient choice of conceptual basis more than 150 years ago. Since the Principle of Equivalence of Energy and Heat looks quite plausible, traditionally the most obscure is the revelation of the concept of entropy and rather an exceptional form of the Second Law of thermodynamics. Whereas the universal laws have mostly the form of conservation laws, the logical structure of the Second Law is quite different. Ultimately formulated, it is a law of irreparable waste of “something” in every real physical process. This imperative negativistic and pessimistic nature of the Second Law is very likely, for philosophers but also for many active researches in the field, the permanent source of dissatisfaction. That is why the criticism aimed at the Second Law has the history as long as the Second Law itself. Moreover, in the recent decade an unprecedented number of challenges have been raised against the Second Law from the position of quantum mechanics [1]. These arguments, however, are as a rule, enormously complicated with numerous approximations and neglects and thus eventually questionable.

To be fair with respect to the Second Law, we have to stress the following. It is a very old empirical fact that the thermal processes in the nature are submitted to certain restrictions strongly limiting the class of possible processes. The exact and sufficiently general formulation of these restrictions is extremely difficult and sometimes, no wonder, incorrect (cf. e.g. the principle of Antiperistasis [8], Braun-le Chatelier’s principle [9]) but in spite of that very useful. That is why the authors of this paper believe that the Second Law (or another law which puts analogous limitations on thermal processes) does reflect experimental facts with an appreciable accuracy and thus it should be incorporated into the formalism of thermodynamics. On the other side, as we are convinced and as is discussed below, the Principle of Equivalence of Energy and Heat sometimes called the First Law of Thermodynamics is probably more destructive for the development of a satisfactory theory of thermal processes. 

Being thus aware that the contemporary structure of thermodynamics with its rigid conceptual basis may have intrinsic flaws, we claim that it has only a little sense to criticize or deny e.g. the Second Law from the positions of another physical theory (e.g. quantum mechanics) prior to the correction of these imperfections has been made.
2. CRITICISM OF CLASSICAL THERMODYNAMICS
As we believe, a serious flaw in the conceptual basis of classical thermodynamics concerns the so called First Law of Thermodynamics which is in the most laconic way expressed as the Principle of Equivalence of Energy and Heat. Very often this statement is accompanied with the vague explanation that it is nothing but the application of the universal Law of Conservation of Energy in thermal physics. The first step toward the First Law was probably made by Benjamin Count of Rumford by the generalisation of his observations made at an arsenal in Munich (1789) [10]. Accordingly, it was possible to produce practically unlimited quantity of heat only by mechanical action i.e. by boring cannon barrels by a blunt tool and this experimental fact was by Rumford analysed as follows: “It is hardly necessary to add, that any thing which any insulated body, or system of bodies, can continue to furnish without limitations, cannot possibly be a material substance: and it appears to me extremely difficult, if not quite impossible, to form any distinct idea of anything, capable of being excited and communicated, in the manner the heat was excited and communicated in these experiments, except it be motion”. The same idea that heat absorbed by a body, which is particularly responsible e. g. for the increase of its temperature, is identical with the kinetic energy of its invisible components, was further apparently supported by arguments due to J. P. Joule [11]. Results of his ingenious experiments have been summarized into two points: The quantity of heat produced by the friction of bodies, whether solid or liquid is always proportional to the quantity of force expended. The quantity of heat capable of increasing the temperature of a pound of water by 1( Fahrenheit requires for its evolution expenditure of a mechanical force represented by the fall of 772 lbs. through the space of one foot. (Notice, here the term “force” has evidently meaning of energy.) In spite of clearness of these correct statements, Joule did not stress out explicitly the fact that in his experiment we have to do only with one-way transformation of work into the heat taking, moreover, place in very limited range of temperatures. Instead he tacitly treated throughout the paper the heat as it were a physical entity fully equivalent or identical with mechanical energy and introduced universal (i.e. temperature independent) conversion factor between work and heat. This way of thinking was probably due either to influence of Rumford or to the reasoning that in the experiment heat appears just when mechanical work disappears and ipso facto these two entities must be identical. Such an extremely suggestive but incorrect idea was later boldly canonized by Clausius [12] who proclaims a subject of thermodynamics to be “die Art der Bewegung, die wir Wärme nennen”, i.e. the kind of motion we call heat.

In the history of thermodynamics objections appeared against such an energetic interpretation of the heat. Unfortunately, these objections were only rare and with no adequate response. One of the earliest ones is due to E. Mach [2]. Accordingly, it is quite easy to realize a device of Joule’s type where a given amount of energy W is completely dissipated and simultaneously the heat in amount Q = JW is evolved (J is here universal Joule’s proportionality factor). On the other side, as far as it is known, there is no single real case where the same amount of heat Q is transformed back into mechanical work W = Q/J only by reversion of the original process. Taking into account this circumstance together with the very generic property of the energy, principal convertibility into another form of energy without any limitation, the possibility that the heat is a kind of energy must be logically excluded. Of course, postulating, in spite of that, the equivalence of energy and heat, a meaningful mathematical theory of thermal processes can be and actually has been established (i.e. classical thermodynamics). The price paid for the Principle of Equivalence of Energy and Heat is, however, rather high. In order to make the theory consistent it was necessary to create very abstract quantity – entropy having in the frame of classical thermodynamics rather difficult integral form.

3. HEAT AS ENTROPY, CONCEPT OF CALORIC

Astonishingly an elegant way leading out of these problems was very likely for the first time suggested by Callendar [3] and later in a more sophisticated and complete form worked out by Job in his impressive book [4]. The main idea is that the heat in common sense (e.g. as a cause of elevation of temperature of bodies exposed to the heating) should not be identified with a kind of energy but with the entropy as known from classical thermodynamics. It was further shown by Larmor [6] and especially by Lunn [7] in a very pregnant way that the heat can be measured in energy and entropy units as well. In the latter case the heat=entropy concept attains the content practically identical with the concept of Carnot’s “caloric”. This historical circumstance opens a possibility to reintroduce this old-new romantic concept of caloric back into the phenomenological theory of thermal processes and simultaneously, it enables completely to avoid an inadequate use of term entropy. This term, namely, playing at present an important role in different branches of science, mathematics and even in the humanities has there, as a rule, not exactly the same content. The confusion of formally similar but in nature essentially different concepts having the same name, is obviously harmful, tempts to unjustified generalizations and may be totally destructive especially by solving interdisciplinary problems [13]. 

Caloric as a physical quantity corresponding to the common term heat can be introduced without a priori knowledge of entropy using the Carnot’s principle which is a generalization of experience with optimizing the motive power gain of heat engines. The principle can be stated as follows [14]:

“The motive power of heat (caloric) is independent of the agents set at work to realize it; its quantity is fixed solely by the temperatures of the bodies between which in the limit the transfer of the heat (caloric) is effected.”(Carnot’s principle)

Notice, that such a formulation having some features of universality, is not dependent on a priori definition of physical quantity measuring heat (caloric) or definition of temperature; every empirical temperature scale θ* is usable [3]. Following then Carnot’s ideas the small amount of energy dE (“motive power”) which can be extracted by fall of caloric ς over the small temperature difference dθ* can be expressed by the formula

dE ( ( C((* )d(*,




(1) 

where C((* ) is so called Carnot’s function which must be determined experimentally. (We are using for caloric Greek final letter (  as this letter involves both, usual S for entropy and C for caloric.) It is a remarkable fact that according to equation (1) caloric is not consumed in producing work but only loses its temperature θ*. Therefore, the caloric has there a character of some special substance and temperature (thermal tension) plays the role of its potential. The perfect analogy with other potentials known from the physics, such as gravitational for mass and electrostatic potential for charge, is then evident. As is shown below, such a view of caloric must be somewhat corrected in case where the dissipative process (friction, heat transport) is involved. 
Prior to the practical use of equation (1) or its integration it is necessary to determine Carnot’s function experimentally. It is an empirical result of research into rarefied gases that Carnot’s function C((* ) can be reduced to the universal constant ( 1 using, instead of arbitrary empirical temperature scale (*, the ideal (perfect) gas temperature scale θ equivalent to the absolute Kelvin scale [15]. Such a calibration enabled one simultaneously to define the unit of caloric fully compatible with the SI system which can be, according to Callendar’s [3] suggestion, appropriately called “Carnot” (Abbreviation “Cr”). The Cr is then that quantity of caloric which is capable of producing 1 J of work in a reversible Carnot cycle per 1 K temperature fall.

As was mentioned above, equation (1) is valid only for the case where no irreversible process is present. Taking into account the fact that the friction and heat transfer cannot be avoided in any real device, this equation representing an ideally reversible case should be corrected. Such a correction was in fact already introduced by Carnot and can be found in his posthumously edited works. The main idea is that the caloric circumventing heat engine by some side channel uselessly falling from a higher to a lower temperature has to produce an additional amount of caloric just equivalent to the motive power which would be otherwise produced, i.e. to the wasted motive power. Alternatively, the motive power of the engine may be wasted also by friction. In this case the part of motive power already produced is immediately destroyed by friction, and the developed caloric is conveyed to a sink kept at lower temperature. This is obviously nothing but another type of realization of a side channel for the transfer of original caloric from high temperature to the cooler. Generalizing, the increase of caloric in a dissipative irreversible process due to the heat conduction or friction is measured by the wasted motive power not realized in an engine simply because of its non-ideal nature. Formally, for the description of total energy balance (i.e. change dE of thermal energy of the system), the right side of equation (1) (absolute Kelvin’s temperature scale is used) must be completed by a second term θd( corresponding to the “wasted motive power” which is responsible for the creation of additional caloric 

dE = ( dθ + θ d( . 
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Keeping the line, we can close this section by reformulation of two fundamental laws of classical thermodynamics in terms of caloric theory. After the proper terminological substitution of caloric (i.e. heat=entropy) for heat=energy it is only a technical problem to express these fundamental laws in a manner which is usual in classical axiomatic thermodynamics [16], namely: 

I)
Energy is conserved in any real thermal process.

II)
Caloric (heat) cannot be annihilated in any real thermal process.

It is worth noticing that the First and Second Laws, formulated in such a way are conceptually disjunctive. It makes difference in comparison with classical thermodynamics where both fundamental laws deal in fact with the same quantity - heat. In caloric theory the link provided by formula (2) between these laws is looser. Moreover, as the First Law in caloric theory is in contrast to classical thermodynamics exactly identical with the general Law of Conservation of Energy, its explicit formulation is thus somewhat redundant.

4. BASIC PROPERTIES OF CALORIC
The authors are aware that the caloric theory is rather an unconventional theory. Therefore, some relations to the classical thermodynamics and illustrative examples are given below. The most important and controversial touching point between classical thermodynamics and caloric theory is related to the interpretation of Joule’s experiment. In accordance with the classical thermodynamics the heat (=energy) dQ gained during dissipation of external work dW in the system can be expressed as dW = dQ/J, where the heat–energy conversion factor J is somewhat boldly considered to be temperature independent. Within the frame of caloric theory the dissipated energy should correspond to the isothermal caloric production which is in equation (2) given by term θd(. From this we obtain immediately the relation between heat (=energy) and caloric in a form

d( = dQ/J θ,





(3)

which is at first glance formally identical with the usual definition of entropy only if we measure the heat (=energy) in energy units. This correspondence between entropy and caloric, which is in fact due to the cunning identification of empirical temperature scale with Kelvin’s absolute (perfect gas) scale in classical thermodynamics and caloric theory as well, may serve simultaneously as a very effective heuristic tool for finding the properties of caloric.

As a first example, let us discuss the basics of Carnot cycle operating with perfect gas. The easiest way how to treat it is to use the θ-ς variables. The caloric of amount Δ( entering the system at temperature θ1 and leaving it at temperature θ2 will produce the motive power W (according to the usual convention the work done by a system is negative i.e. dW = −dE) which is according to (2) (non-dissipative process) obviously given by a formula

W = Δ( (θ2 – θ1). 




(4) 

Taking further into account the fact that the energy supplied to the system is Δ( θ1, the efficiency ( which is given by the ratio (W( /Δ( θ1 is identical with that of Kelvin, namely,

( = 1 − θ2/θ1.




(5)

Very instructive is also the analysis of an ideal Carnot cycle using p-V (pressure-volume) variables. In this case, however, we need constitutive relations controlling the behaviour of perfect gas, i.e. equation of state (for 1 mol of gas) pV = Rθ and the equation for isocaloric (adiabatic) change θV (-1 = constant. The energy input corresponding to the caloric Δ( entering the system by isothermal transformation performed at temperature θ1 can be evaluated from the integration of equation of state between V1 and V2





θ1 Δ( = ∫ p dV = R θ1 ∫ dV / V.



(6)
Caloric produced is independent of temperature being given by a relation 

Δ( = R ln (V1/V2).





(7)

It can be further proved by a direct computation that the amount of caloric attained during isothermal expansion at θ1 is the same as that rejected to the heat sink kept at θ2. Indeed, for isocaloric curves we have conditions 

θ1V2(-1 = θ2V3(-1,





(8a)
θ2V4(-1 = θ1V1(-1,





(8b)
from which it immediately follows that V2/V1 = V3/V4 . In connection with equation (7) it proves the conservation of caloric in ideal Carnot’s engine.

Very important to apprehend the nature of caloric is the investigation of its transfer by the heat conduction. In such a case the amount of caloric ( is directly transferred from a hot reservoir of temperature θ1 to the colder one kept at lower temperature θ2. Since dE = 0 in such a process, equation (2) can be rewritten for finite differences as 

0 = ( Δθ + θ Δ( . 





(9)

It is a remarkable fact that during such a transfer an additional amount of caloric Δ( is evolved. The last equation may be rewritten as ( (θ1 – θ2) = θ2 Δ( , from which 

θ2 (( + Δ() = θ1(.




(10)

Accordingly, during the irreversible transfer of caloric an additional amount of caloric is generated which keeps the energy flux through the system constant. Using then a more realistic model of a real heat engine where the caloric (1 is supplied to and caloric (2 is extracted from ideal Carnot’s engine via thermal resistances the application of equation (10) leads to the conclusion that the corresponding efficiency (R must be smaller than that given by Kelvin’s formula (5) 






(R = 1 − (2 θ2/ (1 θ1.




(11)

This relation may be, moreover, relatively easily adapted for an important case where the mechanical power output is optimized. It leads to rather an accurate formula for efficiency given also by Curzon and Ahlborn [17], namely
(P = 1 − (θ2/ θ1)1/2. 




(12)
5. CONCLUSIONS
The main purpose of this part of our outline was to remove some important flaws of classical thermodynamics which we have recognized to be a source of much confusion and serious obstruction for the further development of theory of thermal processes in quantum systems. Therefore, we have suggested changing the structure of classical thermodynamics, which is essentially based on the interpretation of heat as a special kind of energy controlled by First and Second Laws, in favour of a system where heat is regarded as an entropy-like quantity. In order not to perplex this quantity with entropy known from classical thermodynamics and other branches of science a historical term “caloric” was reintroduced. Besides the definition, some basic properties of caloric are discussed. The usefulness of our terminology will appear in part II. of this Outline where microscopic definition of caloric, more independent of entropy concept, will be given.
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An Outline of Caloric Theory of Quantum Systems. II. Microscopic Nature of Caloric
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ABSTRACT

Concept of entropy-like quantity, caloric, introduced in part I. is here, in part II., developed and it is discussed its microscopic description. On the base of a link between thermodynamic adiabatic reversible processes and adiabatic processes as recognized for mechanical systems, the caloric is defined, for a system of stationary oscillators, by a means of adiabatically affined states accessible in the system. Formalism of stochastic electrodynamics is used for a description of such stationary states in a real adiabatic cavity. In this frame, each system interacts with all-pervasive zero-point radiation and therefore it must be considered as open. It is further shown that in small cavities the zero-point spectrum is incomplete and as a result, entanglement of stationary states inside the cavity with those of adiabatic boundary has to be taken into account.

1. INTRODUCTION


The intended task of this contribution is to specify the microscopic properties of caloric which would, as far as possible, fit its phenomenological description which has been presented in the preceding paper [1]. This paper familiarized the reader with an alternative approach to thermal physics which is not based, as the classical thermodynamics, on the identification of heat with a special kind of energy but rather with a quantity known there as entropy. Further it was shown that the introduction of heat=entropy into thermal physics helps one to get rid of a principal antinomy of classical thermodynamics which may be expressed as follows: heat=energy is just a kind of energy which is deprived of the very generic property of energy, i.e. its unlimited convertibility to another kind of energy. The already existing attempts of the formulation of satisfactory theory based on heat=entropy [2-5] have till now been unjustly ignored by scientific community in spite of the evident fact that they are intelligible, intuitively comprehensive and free of puzzling logic. The substitution of the term of caloric (corresponding quantity is denoted by a Greek final letter () for heat=entropy in our form of heat=entropy based theory may seem to be a rather formal and excessive operation motivated perhaps by some scientific exoticism. It provides, however, a room necessary for later possible distinguishing of caloric from entropy on microscopic level and prevents the term of entropy which is very often used in various branches of science, mathematics, theory of information etc, in quite different meanings from further profanation. On the other side, we are aware of a heuristic value of achievements of classical thermodynamics and kinetic theory and especially the close affinity between entropy and caloric is used for the specification of properties of caloric. 

Phenomenological description as introduced in [1] is primarily based on the analysis of operation of Carnot’s reversible engine. The essential ingredients of this cycle are the adiabatic processes. We will approach the microscopic theory of the caloric from the same starting point, analyzing microscopic nature of the adiabatic processes. 

According to Carnot’s original idea the production of motive power (i. e. of useful work) by a heat engine is not a result of consumption of a certain amount of caloric but it is rather due to its transfer from the boiler kept at high temperature to the condenser cooled to a lower temperature. Corresponding process, eventually aiming at the re-establishment of equilibrium, is regarded to be quite analogous to the production of motive power using waterwheel by letting fall the water from higher to the lower level. In order to obtain maximum efficiency of heat engine (waterwheel) the direct useless passage of caloric (water) from higher temperature (level) to lower temperature (level) must be avoided. The technical mean preventing during a thermal process the unwanted exchange of caloric between the system and its environment is known as an adiabatic (thermal) insulation (“adiabatic” is a word of Greek origin meaning “impassable”, α = negation, διά = through, βαίνειν = to go). In case where the adiabatic insulation of the system is complete, the thermal process taking there place is called adiabatic. It is further an important result of Carnot’s analysis that if during the operation of heat engine the additional wastes, due e.g. to the friction, are precluded, the amount of caloric taken from the boiler is exactly the same as that rejected into the cooler. From this point of view the caloric behaves like a peculiar kind of substance or fluid there. The adiabatic reversible processes thus perform a significant class of processes the analysis of which is decisive to decipher the microscopic nature of caloric. Starting thus with the mathematical description here, the conservation of caloric in a reversible adiabatic process passing a chain of equilibrium states may be expressed in a form of variation






δ( = 0. 





(1) 

2. ADIABATIC PARTITION

In order to measure or define at a given moment the amount of caloric in a system it is necessary to have a principal possibility to demarcate the boundaries of the system which are not penetrable for the caloric i.e. adiabatic boundaries. For the sake of consistency, it is thus quite reasonable to assume that the physical quantity “caloric” is not defined if the adiabatic boundary cannot be at a given moment realized or, in case of theoretical considerations, specified. This is, of course, a matter of convenience that the caloric is defined only simultaneously with and with respect to a particular adiabatic boundary. Such an arbitrary choice seems to be at first glance somewhat restricting. It may be, however, very useful, because it puts unambiguous and clear limits on the existence range of caloric itself. Moreover, such an approach promotes the adiabatic wall to a central entity of caloric theory. Respecting the present state of microphysical point of view, the adiabatic partition must not transmit excitations such as phonons and photons. Its experimental realization is then a Dewar’s wall, i.e. a vacuum gap between two perfectly conducting (reflecting) mirrors. Such a wall, however, being made of an electron-bonded material has inevitably an upper frequency cut-off. Indeed, let us, for the sake of definiteness, consider only materials in which the response to the external electromagnetic radiation is due exclusively to the electrons. It is obvious in this case that at very high frequencies ω ≥ c/b, where b represents the extent of the structure and c the velocity of light, the electrons are not able, because their speed is limited by c, to follow the electromagnetic vibrations and the field has to uncouple from them and the interaction ceases. A reasonable estimate for the upper frequency limit of such a decoupling is Compton’s frequency ωC = mc2/(. Accordingly, it is assumed that all the Dewar’s adiabatic boundaries considered are made of a material which is, up to a certain cut-off frequency ω0 ≤ ωC , a perfect conductor (mirror) and is simultaneously fully transparent for frequencies > ω0. Notice, that the cut-off parameter ω0 has a character of a Lorentz invariant constitutive quantity, because in the opposite case, by measuring ω0 it would be possible to determine the absolute motion of a coordinate system firmly connected with the partition, which is in odds with the principle of relativity. (More about frequency cut-off see Appendix 3.)

3. ADIABATIC INVARIANTS

It should be preceded here that the term “adiabatic” in mechanics and thermodynamics is used for primarily different items. As was mentioned above in thermal physics “adiabatic” is synonymous for thermally insulated. In mechanics the “adiabatic process” means rather a process which is “infinitesimally slow” with respect to change of an external phenomenological parameter a entering the Hamiltonian of the system. In terms of characteristic (period or relaxation) time τ the adiabatic condition reads 

 


(∂a/∂t) τ << a.





(2)

Obviously, this definition is much closer to the “reversible adiabatic process” as is known from thermodynamics than to the “adiabatic” one. This circumstance may be a source of confusion especially in case where both definitions must be used side by side. Fortunately, as our search for microscopic properties of caloric is in fact based just on the analysis of the “reversible adiabatic process” the historical link connecting both definitions can be preserved. What is the nature of this link? It is basically due to a close analogy between condition controlling the existence of periodic stationary orbit (which is called here “stationary state”) in a mechanical system and condition for adiabatic reversible process as given by equation (1). Indeed, the well known formulation of principle of least action [6] for a stationary (periodic) state in terms of kinetic energy T and period τ may be written as

δ ∫τ 2T dt = 0





(3)

provided that the total energy depending on external parameters a is kept constant. In case where an infinitesimally slow variation of an external parameter a takes place, the total energy of the system changes and condition (3) leads to the establishment of a new stationary state with slightly different period τ. If the process remains limited by inequality (2), we can bring the system into the original state simply by inverting the whole procedure. Any two states connected by such a type of reversible transformation are called adiabatically affine states and the transformation itself is known as an adiabatic transformation. The class of adiabatic transformations plays an important role in both classical and quantum mechanics. Its significance is due especially to the existence of adiabatic invariants, i.e. quantities which remain constant during these transformations.

As was proved by Liouville and Hertz [7], one of the most important adiabatic invariants is the volume occupied by affine states in the phase space. The volume V occupied in the phase space by a given stationary state may be written in terms of action integral (3) as 

V = ∑j ∫∫ dpj dqj = ∫τ 2T dt 
.


(4)

Time averaging over the period τ of the stationary state then leads to the formula 

adiabatic invariant =4π‹T›/ω,



(5)

where the usual relation τ = 2π /ω between the frequency and period and brackets for marking the time average over the period τ are used.

It is obvious even from the above simple analysis that the reversible adiabatic transformation connecting two adiabatically affine stationary states in mechanics has a lot of common with the reversible adiabatic process known in thermodynamics. It cannot be, however, taken for granted that in a complex macroscopic system every reversible adiabatic process is related exclusively to the adiabatic transformations performed on a set of adiabatically affine stationary states. The desired link is therefore necessary to formulate in the form of working hypothesis the consequences of which must be confirmed or disproved experimentally. This so called “Adiabatic hypothesis” due to Ehrenfest [8] claims:

Adiabatic hypothesis: During an adiabatic reversible thermodynamic process the microscopic states are transformed into their adiabatically affine states.

4. MICROSCOPIC NATURE OF CALORIC

The correspondence between macroscopic adiabatic reversible process characterized by the conservation of caloric (equation (1)) and adiabatically invariant transformations performed within the sets of affine states representing particular units of which the macroscopic system is composed enables one to make a first attempt of microscopic definition of caloric.

Caloric is an additive function of state depending only on the number of adiabatically affine states actually accessible in the system. 

We can then go further taking into account an energetic aspect of the problem. We will define our system as a set of independent microscopic harmonic oscillators. Obviously, the energy bound to caloric must be the same as the energy of stationary (periodic) microstates involved within the adiabatic boundary. Since the total energy of the caloric (thermal energy) is E = ς θ (cf. equation (2) in [1]) we can thus write

E = ς θ = Σi (1/τi) ∫ 2Ti dt = Σi 2 ‹Ti›,



(6)

where the averages are taken over the corresponding periods τi. In the same time, a change of the thermal energy E can be expressed as dE= ς dθ = Σi (∂(E)/∂τi) dτi. As the caloric itself does not depend on periods changed by adiabatic transformations but only on an absolute number of affine states involved, from equation (6) it follows that the partial derivative with respect to τk reads

∂(E)/∂τk = ς ∂θ/∂τk = ((1/τk2) ∫ 2Tk dt = ((1/τk) 2 ‹Tk›.

(7)

Using (7) in the above expression for dE and using (6) we get two formulas for ς. Comparing these formulas term by term with equation (6), we obtain immediately a remarkable relation which should be generally valid for any adiabatic reversible process

∂θ/θ = − ∂τk/τk .




(8)

Changing variable τk for frequency (ωk = 2π /τk), equation (8) may be rewritten into another convenient form 

∂θ/θ = ∂ωk/ωk .




(9)

By integration one obtains a relation which we on obvious grounds tentatively call generalized Wien’s law, i.e. 

θ = Ck ωk,




(10)

where Ck is a constitutive integration constant depending on the microstructure of the subsystem to which the eigenstate with ωk belongs. Notice that the scaling relation (10) (cf also relation (9)) has in this case significance very similar to the Law of Corresponding States. Wien’s law and its relation to temperature scales and black-body radiation is discussed in Appendix 1 and Appendix 2. 

In order to avoid cumbersome computations let us continue with analysis of a highly idealized model of macroscopic system composed of linear oscillators where the effective dimension of phase space is reduced. Of course, the results can be very easy generalized. If we assume that the macroscopic system consist of a single oscillator, we can obviously identify macroscopic and microscopic characteristics of the system and write 

τ δE = δ∫ 2T dt = τ θ δς = 2 δ (τ ‹T›).



(11)

where the variations are made at constant temperature. Taking into account that also for this curious system a general relation τ θ = 2π C must be valid, we can rewrite (11) into a form

2πC δς = 2 δ (τ ‹T›).




(12)

Dividing then this equation by a product τ ‹T› and performing the designed integration, we immediately obtain

δς ( (τ ‹T›/πC) δ ln(τ ‹T›). 




(13)

Assuming now that the particular oscillators in the composite system are fully independent, the caloric of such a system may be constructed as a superposition of expressions (13) and thus 

ς ( Σi (τi‹Ti›/πCi) ln(τi‹Ti›).




(14) 

This equation can be regarded as a definition of caloric in our highly simplified system, i.e. ensemble of independent linear one-dimensional oscillators. It can be, however, easily generalized and compared with formulae for entropy known in classical and/or quantum thermodynamics. Indeed, as the product τ‹T› has a meaning of occupied phase space which is directly proportional to corresponding thermodynamic probability (“Thermodynamiche Wahrscheinlichkeit”) W in Boltzmann–Planck’s terminology, the right side of expression (14) has in a fact meaning of lnW averaged over the whole system. The implicit dependence of logarithm on measuring units can then be removed by appropriate normalization of its argument, reflecting the number of degrees of freedom of a particular subsystem. Moreover, using Sommerfeld’s Ansatz [16, 17] according to which the action per degree of freedom should be exactly 2π(, a quite usual quantum-mechanical definition of entropy is obtained [18, 19]. (Notice, in this case Ci = (/2k for all i’s.)

In order to specify the differences between our picture of caloric and that belonging to the entropy in classical or quantum mechanics it is thus necessary to consider the influence of real adiabatic partition on periodic stationary states in more detail.

5. DESCRIPTION OF STATIONARY STATES BY SED THEORY

In order to build a consistent picture of quantum caloric, the “stationary states” discussed above can be simply identified with quantum eigenstates of energies (ωk belonging to particular microscopic patterns of which the system is composed. Such an approach is, however, not a very effective one. As has been, namely, stated above, the definition of caloric depends sensitively on the physical properties of adiabatic boundary, especially on the existence of upper frequency cut-off for electromagnetic radiation. The evaluation of the direct influence of such a limitation on the behaviour of quantum eigenstates is, within the frame of quantum electrodynamics, an extremely difficult task. Much easier is thus to treat the stationary states and its interaction with electromagnetic background using formalism of so called stochastic electrodynamics (SED).

The cornerstone of stochastic electrodynamics which is sometimes considered to be nothing but an interpretation of quantum electrodynamics [9] is a postulate of real existence of zero-point (ZP) electromagnetic fluctuations persisting in vacuum independently of the source and thermal electromagnetic fields down to the absolute zero temperature. Taking the real existence of this pervasive electromagnetic radiation of unknown origin which is homogeneous, isotropic and with Lorentz invariant spectrum as an independent Ansatz added to the classical electrodynamics, the resulting theory reproduces the picture of reality which is usually attributed to the quantum theory. For instance, the very quantum effect, the stability and quantization of atomic orbits described by means of stationary solutions of Schrödinger’s equation may be in terms of SED accounted for as a result of compensation of Lorentz non-invariant electron recoil radiation by Lorentz invariant ZP vacuum radiation [10, 11]. We are convinced that such a model of purely “Electric World” providing an alternative and sometimes physically more transparent description of quantum phenomena than quantum mechanics itself is at present unappreciated. Curious enough, it may be of historical interest that SED provides a physically very similar picture as the theory of Divisch [12] belonging to pioneering times of electricity research. Accordingly, “The Light of the First Day of Creation” (האור של יום אחד), which is regarded to be a synonym of the electricity, is an inherent quality of all things and the whole Universe is permeated with this essence manifesting itself by electric and thermal phenomena.

6. CALORIC AND ENTANGELMENT 

As was already mentioned above, the main advantage of SED approach is the possibility of immediate evaluation of the changes of spectral composition of background ZP electromagnetic radiation and thus also of effects on stationary microstates induced by the presence of real adiabatic partition. According to SED the stability of particular stationary state is ensured by the presence of undisturbed ZP radiation which just compensates the escaping recoil radiation. It was shown only recently [10] that this condition of dynamic equilibrium is achieved if the states are enclosed in a sufficiently large cavity surrounded with (real) adiabatic boundary. (By the term “sufficiently large cavity” we mean an adiabatic enclosure of spatial extent x where is practically no low frequency cut-off, because the corresponding ground mode frequency ωG ( c/x is approximately zero.) In such a cavity, if it is stationary, the recoil radiation falling into a certain frequency range obviously automatically completes ZP spectrum. In case, where the adiabatic walls of the cavity move, ZP radiation penetrates into or out of the system directly through the boundaries because of Doppler’s frequency shift of incident radiation above cut-off frequency of the boundaries. Further considerations showed that the subsequent redistribution of electromagnetic modes inside the cavity leads to the reestablishment of Lorentz invariant ZP spectrum. The behaviour of a large adiabatic cavity and of the stationary states therein is then effectively the same as that of adiabatically enclosed system as described by classical thermodynamics. There is, however, fundamental difference between classical interpretation of adiabatically enclosed system and our SED-based model. In the later case any adiabatically insulated and thus any quantum system must be treated consequently as a thermodynamically open system, because of its permanent exchange of ZP radiation with surrounding space.

In steep contrast to large adiabatic enclosures, the behaviour of small systems, where the ground mode is comparable with frequency cut-off corresponding to adiabatic wall (i. e. where ωG ( ω0), differs essentially. The interval of admissible frequencies between ωG and ω0 is, namely, as a rule, too narrow to be sufficient for to keep ZP spectrum inside the enclosure complete, what is necessary condition for the existence of stationary states there. Hence, we see that the adiabatic partition does no more work properly here, because it is not apt to ensure the supply of undisturbed ZP radiation to the microstates in the system. The stationary states in the system, if any, can thus co-exist only in close “symbiosis” with the states belonging to boundary, for which the access to ZP radiation is not limited. Evidently, all stationary states in the system must be then strongly correlated with the states in the adiabatic boundary, therefore, they are non-separable in principle or, in commonly used terminology, they must be entangled. 

It can be seen at first glance that the entanglement which is in small systems quite inevitable is simultaneously destructive for the very existence of quantity ( – caloric there. In the sense of definition of caloric above, it is, namely, quite essential to have the possibility of demarcation of independent adiabatic boundary, within which the adiabatically affine states are counted. Without such a possibility the introduction of caloric in these systems must be abandoned. Of course, the definition of caloric might be extrapolated also to the case of entangled small systems but the price paid for it would be enormously high. For instance, the phenomenological definition of caloric as given in part [1] should be sacrificed together with the Second law reformulated in terms of caloric there. That is why, we strongly recommend in thermal physics to keep in use the entropy-like quantity caloric exclusively for the large macroscopic systems where the condition 

ωG << ω0 




(15)

is valid and, consequently, where the entanglement is negligible and the Second Law in sense of [1] remains in force. 

7. CONCLUSIONS


In conclusion, an attempt of formulation of caloric theory of thermal processes in quantum systems is made. The main ideas and concepts discussed may be summarized as follows.


The microphysical properties of entropy-like quantity representing heat, caloric, were shown to be sensitively dependent on possibility of realization of adiabatic boundary and adiabatic reversible process.


It was claimed that an adiabatic partition (boundary) realized by means of Dewar’s wall made of a real material has inevitably an upper frequency cut-off for electromagnetic radiation.


It was shown that in adiabatic reversible processes play extraordinary role the sets of adiabatically affine periodic stationary states (quite analogous to eigenstates of quantum mechanics). These states having especially simple adiabatic invariants are simultaneously treatable within the SED formalism which is very suitable for description of their stability with respect to ZP electromagnetic back-ground field. 


It is further argued that all the systems controlled by such stationary states (or by quantum eigenstates) must be regarded as thermodynamically open systems.

A criterion distinguishing large and small systems in terms of corresponding ground mode frequency was established. It was proved that the large systems can be treated within the frame of caloric theory while such an approach to small, i.e. necessarily entangled systems fails. Moreover, for such small systems the physical quantity, caloric, can not be defined at all. 

The authors are aware that by sketching their attempt of caloric theory of quantum systems they often used somewhat teleological and ad hoc arguments and that the theory itself, being confined practically only to reversible adiabatic processes, is far from to be mature. On the other side, they are simultaneously convinced that the caloric theory is potentially apt to reflect the empirical facts in a more intelligible way than the present theories do and is thus worth for further development. Especially, the possible description of microscopic processes leading to a production of the caloric and its relation to limitations given by the adiabatic hypothesis must be studied for large systems, where usual thermodynamic description is known to be relevant. On the way to the more general thermodynamics including irreversible dissipative processes difficulties related to the application of the caloric concept (based on the adiabatically insulated systems) have to be overcome.

APPENDIX 1
ABSOLUTE TEMPERATURE SCALE

The general form of Wien’s law may be exploited for an alternative definition of absolute Kelvin’s temperature scale. The usual definition of this scale θ is based on a hypothetical substance, perfect (ideal) gas, obeying the constitutive relation 

pV = const θ, 





(16)

where p is the pressure and V the volume of the gas. For the practical use of this scale a set of fixed thermometric points (defining the numerical value of the constant in (16)) and operational rules for the realization of the scale by means of real substances must be added. For example, it is an empirical fact that some real gases, nitrogen above 300 K and helium between 5 and 300 K, satisfy relation (16) with appreciable accuracy only if they are sufficiently rarefied. The degree of rarefaction required for correct temperature measurements in a given range and the value of temperature θ can be determined with a prescribed accuracy experimentally using e.g. Berthelot’s extrapolation method [13]. The condition for a real gas to be a perfect gas characterized by relation (16) symmetrical in p and V, requires, namely, that the temperature readings obtained by the constant pressure and constant volume methods must be identical, i.e.

θ = θV = θp.





(17)

Let us now illustrate generalized Wien’s law (10) by inferring properties of the same system as is used for the definition of Kelvin’s scale, i.e. of the perfect gas made of identical atoms of mass m which are, due to the small gas density, effectively decoupled each from the other. In order to find out a reasonable quantity having a dimension of frequency we use a formula for the most probable velocity of an atom in a gas kept at temperature (, as is known from elementary kinetic theory [14]

vM = (2kθ/m)1/2.




(18)

Using then an obvious relation for the most probable de Broglie’s frequency, i.e. mvM2/2 = (ωM, we obtain immediately a relation

θ = ((/k) ωM, 





(19)

having already the desired form of generalized Wien’s law (10). Measuring thus, by some mass spectrometric device, the de Broglie frequency (in s-1) of encountered atoms and evaluating then its most probable value ωM, the temperature θ may be determined using relation (19). Putting there, moreover, k = 1.38 x 10-23 J/K and ( = 1.05 x 10-34 Js, usual Kelvin’s scale is re-established. Approaching low temperatures, however, this method of determination of the temperature might be disabled. If, namely, an atom starts to interfere within the gap between neighbouring atoms, a system of non-interacting particles becomes an interacting non-classical gas called a degenerate gas for which relations (18) and (19) are no more valid. Taking into account the fact that in this case the most probable de Broglie thermal wavelength of an atom ( (2π(/mvM) should be comparable with the distance between neighbouring atoms the condition for such a gas degeneracy must read 

(2m kθd)1/2/ 2π( ( (n/V)1/3,



(20)

where θd is the temperature of degeneracy and n the number of atoms contained in volume V. It is obvious that by diminishing the gas concentration n/V an arbitrary low θd can be achieved so that the temperature scale based on relation (19) can be (theoretically) extrapolated to the arbitrarily low temperatures. Notice that such a “rarefaction” procedure enabling extrapolation of temperature scale to low temperatures is exactly analogous to Berthelot’s method mentioned above. It sheds also a new light on the significance of perfect gas as a thermometric medium. By means of it the temperature is in fact determined by evaluating the kinematical properties of the mechanically simplest thinkable system – an ensemble of identical non-interacting free particles.
APPENDIX 2
WIEN’S LAW FOR BLACK-BODY RADIATION 

If we take systematically as a representative frequency of an ensemble its most likely (maximal) value ωM, the integration constants in equation (10) corresponding to various systems may be compared. For example, Wien’s displacement law for black-body electromagnetic radiation reads [15]





 θ/ωM = 1.53 x 10-12 Ks = b. 




(21)

The ratio between the universal constant defining the absolute Kelvin’s temperature scale (see equation (16)) and b is: ((/k)(b ( 4.97. As the temperature scale can be in principle constructed using Wien’s law controlling any reproducible physical system, this ratio has to bear some signature of universality. Indeed, this figure is a solution of transcendental equation 

5 = xex/(ex – 1) which represents the derivative of Planck’s wave-length distribution, where 

x = 2π c(/ (kθ(M) = (ωM /kθ. Accordingly, x = 4.965…= ((/k)(b.

This example serves as an illustration that any arbitrary system in which Wien’s law is experimentally established may be used as a thermometer the readings of which are directly proportional to temperatures as measured on “thermodynamic” Kelvin’s scale.
APPENDIX 3 
SMOOTH CUT-OFF OF ZP RADIATION

As was mentioned above, the spectrum of ZP fluctuating electromagnetic vacuum background radiation is homogeneous, isotropic and Lorentz invariant. Its corresponding spectral energy density is then given by a formula [9]

ρ(ω) dω ( ((/ 2π2c3) ω3 dω. 




(22)

The part of this ZP spectrum which is reflected by a real adiabatic partition may be characterized simply by the cut-off frequency ω0 which is, for a partition made of electron bound material, of the order of Compton frequency ωC = mc2/( ( ω0. This cut-off frequency ω0 being a constitutive quantity should, in order to not violate the principle of relativity, be obviously also Lorentz invariant. A sharp cut-off is, however, not too realistic. Following original Nernst’s idea it can be constructed as a smooth one. Assuming that the radiation reflected by a real adiabatic wall preserves, for ω→0, its spectral composition (cf equation (18)) and remains compatible with the thermal part of black-body radiation, the following expression for resulting spectral density should be expected

((() dω ( ((/ 2π2c3) ω3 dω (ω/ω0)/(exp (ω/ω0) − 1)
.

 (23) 

The condition for spectral maximum d(/dω ( 0 gives rise to a transcendental equation 

(4− (ω/ω0)) exp(ω/ω0) ( 4, with the solution ω/ω0 = 3.92… As the spectral density (23) can be integrated and has a form congruent with Planck’s law, it is suitable as a working equation for detailed studies of frequency dependent entanglement of small quantum systems.
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