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Abstract: The correct theoretical analysis of the generally accdptewations of the theory of
photon (quantum) gas are proposed. The principle of the unity of formaldagi of rational
dialectics is the correct methodological basis of the amsalyidie new results — the correct
guantum-statistical foundations — obtained within the framework of eh@aulated master
equation taking into consideration both the quantum states of the radiadiegule and the
guantum states of the photon gas in the isolated macroscopic systems “moleoldeutamgas

+ monochromatic photon gas” are as follows: (a) Planck’s, Einsteints Bose’s works on the
theory of photon (quantum) gas contain logical errors; (b) photon (quagasreing born by
radiating molecule obeys “Gibbs statistics”: equilibrium photon (quangas is described by
Gibbs quantum canonical distribution; (c) Planck function (“Bose’s ibligion”) is an
consequence of Gibbs quantum canonical distribution; (d) Einstein casSicige. the
coefficients of spontaneous emission, induced emission and absorption) are equal toezach ot
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Introduction

Science is the sphere of human activity which manifests clearlynibeof two aspects
of cognition: the faith in the possibility of knowing the world and dioebt about the truth of
knowing. The way of cognition is characterized, for example, by Astgin’'s words: (ajhere
has been formed a view that the foundations of physics were finally established aatktbe w
a theoretical physicist should be to bring a theory in correspondence witthalktime
increasing abundance of the investigated phenomena. Nobody thought that a need for radical
rebuilding of the basis of all physics could ari¢k) but the progress of science will cause
revolution in its foundations. Our notions of physical reality never canri @nes. We
should be always ready to change axiomatic basis of physics to substantmte faerception
in logically most perfect formt follows from these words that “the progress in scidadée
underlining of difficulties” (N. Bohr).

As is known, the generally accepted statistical theory of photon (quagas is a result
of research of the problem of heat radiation. The foundations ahdosy were proposed by M.
Planck [1, 2], A. Einstein [3], and S.N. Bose [4] and represent the fumdanpart of modern
theoretical physics. Up to now, nobody cast doubt on this part of plsysaesone assumed that
the theory of photon gas is in accordance with experimental datee Tihe been formed the
point of view that the works of classics of physics were finafiglerstood and a need for critical
analysis these works cannot arise. However, it was recdmlyrs[5-11] for the first time that
the generally accepted foundations of statistical physics comgical errors. Consequently,
there is the problem of truth of Planck’s, Einstein’s, and Bose’ksnartheoretical physics, and



the critical analysis of the theory of photon gas is the ungertlem of our time. The purpose of
the present work is to give critical analysis of Planckmistein’s, and Bose’s works on the
theory of heat radiation and to propose the correct foundations ofatlstictl theory of photon
gas. The obtained results are based on the key idea that thenproblcorrect quantum-
statistical description of photon gas should be solved within the frarkesyfanaster equation
taking into consideration both the quantum states of the radiating nelaedlthe quantum
states of the photon gas in the isolated macroscopic systems theoleanolecular gas +
monochromatic photon gas”. From this point of view, the following connguteblems are
considered: (a) the new foundations of the theory of quantum partimlethe theory of
equilibrium ideal gas of nonradiating molecules; (c) the thebnyon-equilibrium ideal gas of
radiating molecules; (d) the theory of photon (quantum) gas being born by gdmatiecule.

1. Methodological basis for a theoretical analysis

Modern theoretical physics consists of the set of theories buthdbesntain criterion of
the truth of physical theories. In my opinion, lack of the criteriorthef truth of theories in
theoretical physics is explained by the fact that the systephysical (i.e. special scientific)
concepts and laws is incomplete: it does not include many univeesahé general scientific)
concepts and laws. The complete system — the system of phgsiedépts and the laws,
supplemented with the system of universal concepts and laws — would nemiesenly basis of
physics but also methodological basis for the deductive analfygisysics. From this point of
view, the unified criterion of the truth of physical theory should benfdated as follows: a
physical (i.e. special scientific) theory must not contradiet $ystem of the universal (i.e.
general scientific) concepts and laws. The system of thergaiveoncepts and laws represents a
unity of formal logic and of rational dialectics. And this unityaiscience of most general laws
of development of the Nature, human society, and correct thinking. Consegqtlaatlystem is
a methodological basis for a critical analysis of physical thedries main dialectics principle is
the principle of objectivity of human knowledge. It is formulatedddiews: objective laws and
truth must be invariant under choice of means and of methods of cognéiamader change of
properties of system of reference (in particular, objectives land truth must not contain
references to devices, procedure and accuracy of measurement alcubétion). Thus, the
principle of the unity of formal logic and of rational dialectics is¢beect methodological basis
for any theoretical analysis.

2. The critical analysis of Planck’s, Einstein’s, and Bose’s theory of photon gas

As is known, the generally accepted foundations of the theory of photomwegas
proposed by Planck [1, 2], Einstein [3], and Bose [4]. Below, stagelevalopment and the
basic representations of this theory are considered.

The first stage is a stage of research of the law of heat radiatielaw of heat radiation
was formulated by Planck in work [1, 2]. The derivation of the radidbomula, proposed by
Planck, consists of three parts: the classical-electrodynaraiculation, the statistical-
thermodynamic approach and the quantum-statistical interpretation.

A starting point of the classical-electrodynamic calculat®fthe understanding of the
phenomena of emission and absorption of heat radiation as electromagoetisses. Emission
of heat beams is stipulated by emission of electromagneticswiawen certain elementary
oscillators; absorption of heat beams is obliged to resonance phenomenticlatnamed
oscillators not only radiate waves, but also are set in oscillahotion by waves falling on
them” (Planck). The equation of radiative balance between decibad radiation represents
Planck’s formula (i.e. formulation of Planck’s radiation law):
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wheren is the frequency of the resting linear oscillatdf®*"**” is the energy of the radiating

(radiation)
n

oscillator; u is the spectral energy density of radiationis the speed of light in vacuo.

In order to findu{™"®"" it is necessary to defirig °*"*"

The statistical-thermodynamic approach to definitionUdf**"**” is characterized by

introduction of two hypotheses. Planck assumed that, firstly, the ena&thg resting oscillator
is a random quantity. And, secondly, “energy of oscillator must be hlbéewnultiple of element
of energy”. These hypotheses and the definition
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of the temperature of the oscillator lead to tHefang expression:
Uéoscillator) - El [eXp(Ei/T) _ 1] - 1'

The quantum-statistical interpretation of quargitleé *"**” and E, represents the
following procedure:
a) an identification of the quantityU *** with the statistical-average enerdy of the

harmonic oscillator, i.e.
¥

Uéoscillator) °OE, E= E f , E = En, fn = fo exp(- En/T)

n=0

where f, is Gibbs quantum canonical distribution;
b) an identification of the energy quantuf of the harmonic oscillator with the energy
quantumhp{®M o g - E_of the radiation, i.e.

E1 o) hn{radiation) :

c) an identification of the quantity?{®®™” with the continuous frequency? of the
electromagnetic radiation, i.e.

nl(radiation) o n.

As a result of such interpretation (i.e. substittof the energy. of photon into the expression
for average energy " of the oscillator), the oscillator transmutes intin-identical object
— photon gas:

u,°hnr,, r,°[explhn/T)- 1"



where r, is Planck function (i.e. the average number of Ahenonochromatic photons being
born by the oscillator)T is the temperature of the oscillator. This intetation is the reason
why the expressiorJ, © hnr, does not satisfy to the formal-logic law of idéntiReally,

according to the law of identity, the left and tigharts of a mathematical (quantitative)
relationship must belong to one and the same qtigbtdeterminacy of physical object:

(oscillator) = (oscillator) or (photon gas) = (photon gas)
or (oscillator + photon gas) = (oscillator + photon ga

However, the left and right parts of the expressibn® hnr, belong to different qualitative

determinacy: the left part belongs to the oscifi@nd the right part belongs to the photon gas.
Consequently, this interpretation represents a&girror.

The achievement of the first stage was formulate@lanck as follows: “Measurements
confirmed validity of the formula for radiation. Mever, it has only formal sense of lucky
guessed law”. “One can give to it its true physemmse if two circumstances will be taken into
consideration”:

1) “Heat radiation concluded in pure vacuum limitadreflecting walls keeps for ever
initial spectral distribution of energy. The fundamtal discrepancy between the theory of
radiation and the kinetic theory of gases becormpesr@nt here. The cause of this distinction is
that gas molecules collide with each other whebeasns pass through each other. Results of the
collisions can be found only with the help of prbibiatic laws” (Planck).

2) “Introduction of a minimum quantity of absorbiagd of emitting substance leads to
gradual change of distribution and its transitiotoistationary state corresponding black body
radiation. Therefore, from the described point @w calculation of probability of the certain
value of energy is impossible in principle withaaking into consideration the act of appearance
of this energy. And it forces to consider more @tail the processes occuring at emission and
absorption of heat radiation” (Planck).

The second stage is characterized by tendencygfeing such form of the theory that it
was based upon non-contradictory premises” (Eimstdihese premises were formulated by
Einstein in work [3]. Einstein considered isolatei@al gas of molecules being in statistical
equilibrium with heat radiation. He showed thatrelaformula is a consequence of quantum-
statistical properties of substance and hypothasisit three processes: spontaneous emission,
induced emission and absorption. He proposed fleniog form of master equation, expressing
a condition of statistical equilibrium in isolategstem:

(Ahm+Bnmr)fm=anr fn!

where A, B,,,, B

absorption, respectivelyy and f, are Planck function and Gibbs quantum canonical

distribution, respectively. Einstein coefficientspgnd only on quantum states of molecule. In
order to find the solution in the form of Planckaw, Einstein introduced the following
assumptions:

a) Gibbs quantum canonical distribution is valida® ¥ ;

b) coefficients of induced emission and of induabdorption are always equal to each other, i.e.

are coefficients of spontaneous emission, ind@ession and induced

nm? mn



because they are equal in the casé @f ¥ ;

c) the ratio of coefficients of spontaneous emissind of induced emission is not equal to one;
this ratio expresses Wien displacement law.

The solution of the master equation at these assomsprepresents Planck formula.
However, Einstein's arguments are open to objextidhe main objections are as follows: (a)

Gibbs quantum canonical distributioy loses probabilistic meaning at® ¥ because the set
¥

f, is diverged aflf ® ¥ ; (b) the relationshi®B, , = B,,, obtained under conditioh ® ¥ is
n=0
incorrect; (c) Einstein formulation of the mastquation does not contain any information about
the quantum states of the photon gas, i.e. Einstegfficients do not depend on the quantum
states of the photon gas.

Thus, Einstein's work [3] contains logical errofhe main logical error is that
coefficients of the master equation does not take consideration emission and absorption of
photons by a molecule.

The third stage is connected with the method oivdgon of Planck formula, proposed
by Bose [4]. The method is characterized by theulmity that the quantum-statistical
description of heat radiation is reached withoutsideration of interaction between radiation
and substance: “the hypothesis of light quantadorabination with statistical mechanics (in the
form in what it has been adapted by Planck for ae¥dhe quantum theory) is sufficient ground
for derivation of the law independently of the claal theory” (Bose). Bose’'s method can be
interpreted as follows. One considers the isola@sl of photons putted in volume. The phase
space of one photon is divided into-layers (i.e. “elementary regions of energy” — the

monochromatic layers defined by the relationsHi, - E,| where E, and E, are values of

energy of the molecule emitting and absorbing pitd £ s<¥ . And eachs-layer is divided
into phase space cells — states of photon gas.pOstelates that: (a) existence of phase space
cells (states of photon gas) of the IaJL/Ern - En\ does not depend on existence of photon gas;

(b) “empty phase space cell” (i.e. “vacuum stat@lodton gas”) not containing any photon can
exist; (c) energy of monochromatic photon gas désarete random quantity; (d) energy state of
photon gas in a cell is characterized by quantumbar — number of monochromatic photons
(i.e. there is “secondary quantization” of enerdygas); (e) this quantum number takes values
from O up to ¥ ; (f) the space of permissible states of photortaios the “empty phase space
cell”. Quantum-statistical task is to find depencrof probability of state on energy of
monochromatic photon gas under condition of coregerm of full energy of photon gas.

This task is solved with the help combinatory mdtland Stirling’s formula. The found
solution represents Gibbs quantum canonical Higion. As a result of calculation of average
energy of the monochromatic photon gas in cell, ob&ins Planck function, i.e. “Bose’s
distribution”. Product of average energy of the mahromatic photon gas in cell and number of
cells in s-layer gives Planck's formula. Einstein characestiBose’s work as follows: “Bose’s
derivation is elegant but its essence remains fodgymy opinion, the essence of this method is
foggy because Bose’s reasoning contains logicat®erThe main logic errors are as follows. (1)
One considers the isolated gas of photons. Indase, energy of monochromatic photon gas



cannot be random quantity. (2) Quantum-statistiesicription of heat radiation is made without
taking into consideration the probability of quantustates of the molecule emitting and
absorbing radiation. Therefore, the paramdteof Bose’s distribution is treated as temperature
of photon gas. (3) The method is based on cone@ppty phase space cell”. In accordance with
definition, the phase space (set of phase spat® oélphysical object (for example, photon)
represents set of available (accessible, perm@&silthtes of this object. Since the physical object
(photon) cannot be in unavailable (inaccessiblgeimissible) state, this state represents the
“empty phase space cell”. If the “phase space o photon” is interpreted as space of
elementary events at the quantum-statistical desmni of photon gas, the concept of probability
that photon gas is in the “empty phase space loaslés sense.

Bose’s logical error is that he included “empty ghaspace cell” (i.e. inaccessible,
impermissible state) in space of elementary evéres set of accessible, permissible states).
Obviously, such inclusion is equivalent to replaeemof the isolated system “photon gas” by
the isolated system “molecule + molecular gas etqi gas” since cells (states) oflayer are

born by molecule and are defined by the relatignsi,, - E,|. In this case, the concept of

probability that photon gas is in the “empty phapace cell’ (i.e. there are no photons in the
state\ E, - En\) has sense. Owing to it, Bose’s logical error Wwappy: Bose derived Planck

formula.

Thus, Planck’s, Einstein's, and Bose’s reasoningse&rning the theory of photon gas are
open to objections because these reasonings cdataial-logical errors. Till now, these errors
exist in the modern theoretical physics and areif@sted in concepts “Bose-Einstein statistics”,
“Fermi-Dirac statistics”, “Dirac physical vacuunmgic. Therefore, elimination of these errors is
possible only by the way of construction of thereot statistical theory of photon (quantum) gas.
The correct theory should evidently consider irlation between statistics of photon gas and
statistics of radiating molecule of gas. Hence,ghmose of the sections 4-6 of the present work
is to propose the correct theory of photon (quagtgas within the framework of master
equations for gas molecule and photon gas. Thenseast-6 are based on the new foundations
of the theory of quantum particle [13-15].

3. The new foundations of the theory of quantum patrticle

As is known, the result of the correct critical lyses of the generally accepted
foundations of quantum mechanics is as follows I5B-(a) the generally accepted foundations
(i.e., the interpretation of the experimental data diffraction of quantum particles; the
conception of wave-corpuscle dualism; the probstili interpretation of the psi-function)
represent logical errors; (b) the pseudo-informretianeaning is the true meaning of the psi-
function. Consequently, quantum mechanics is nphysical, objective theory but a pseudo-
informational one. It should be replaced by a ptalsiobjective quantum theory.

The new foundations of the objective theory of quanparticle are represented by the
following set of heuristic principles [13-15].

(1) The principle of motion of quantum particle.réads as follows: the motion is the
form of existence of quantum particle; the motiepresents unity of both internal and external
(i.e. translatory) motions.

(2) The principle of energy of quantum particle.réads as follows: the enerdy, ,

n=012... (wheren is the energetic quantum number) is inalienabbpgrty of a quantum

particle. Energy levelsn of the quantum particle arise and disappear oslyaaresult of
absorption and of emission of other quantum padicatespectively. (Consequently, the problem



of quantization of energy is not the Shrodingerbpgm of eigenvalues). The set of all possible
(permissible) values of energf, forms the ordered sequendg <E,,,. The particle is

identical to itself at all permissible values okegy.
(3) The principle of equivalence of energy and frequency?, of quantum particle. It

reads as follows: energly, is related to frequency, by the formula E, © hn, where h and
n, are the Planck constant (i.e. quantum of actiowl) the frequency of the periodic process of

mutual transformation of the internal and of em&rmotions, respectively. The concepts of
energyE, and hn, are identical ones. Multiplication of the quamtsth ands,, is permitted by

logic law of identity if h is an oscillating quantity.
(4) The principle of speed of translatory motiongoantum patrticle. It reads as follows:
the speed v, is defined by the formula, © / 1, where/_ is the size (the diameter) of the

particle. The/, equals the distance traveled the particle fordbeillation periodz, © 1/n,, .

This translatory motion is a result of contractiamd extension of the size (diameter) of the
particle. Therefore, the translatory motion of thentum particle relative to a reference system
is an absolute one. The absolute motion is invatuegwler choice of a reference system. This
statement means that the velocity addition thedoerquantum particle is not valid.

(5) The principle of acceleration and of deceleratof quantum particle. It reads as
follows: acceleration and deceleration of partiate results of absorption and of emission of
other quantum particles, respectively. The acceterar of the quantum particle under the

n+ln
transitionn® (n+1) which is due to absorption of other quantum pkrt{photon) is defined
by the formulaw,,, , © (Vo= Vi) (7000 717,) © Voay 0 Moian -

(6) The principle of mass and momentum of quantartigle. It reads as follows: the
massm, and the momentump, are defined by the formul&, © (E,/v?)v>° m v ° p,V, .

The concept of masm, and the concept of enerdy, are not identical ones. Therefore, the

n+l n+l

formulaE, © m, v> does not express the principle of equivalency agsrand energy.

(7) The principle of equivalency of mass and enesfyguantum particle. It reads as
follows: the energyE, is related to the madd , by the formulakE, © kM, where the concepts

of the energyE, and of the mas# , are identical ones is a universal constarft] = erg/g.

These heuristic principles are basis for the cordescription of ideal gas of quantum
particles.

4. The theory of equilibrium ideal (normal) gas of nonradiating molecules

The quantum-statistical theory of isolated macrpgcocsystem — equilibrium ideal
(normal) gas of nonradiating molecules — represet$ollowing assertions (premises).

(1) Macroscopic set of free quantum particlesaed ideal gas. Ideal gas is called
normal (non-quantum) gas if particles “interactyoly the way of mutual collisions” (Einstein).
Ideal gas is called abnormal (quantum) gas if glagiof gas do not interact with each other.

(2) Ideal (normal) gas represents the system “nutdect molecular gas" where
“molecule” is a subsystem and “molecular gas” isamroundings.

(3) A molecule of isolated ideal (normal) gas idiudual quantum patrticle. The energy
of the molecule represents discrete random quasititse molecules collide with each other in a
random way.

(4) The random quantity takes on the valles n=0, 1, 2, ... where E; = O is origin

of counting of the random quantity;



(5) f, is probability that molecule is in energetic quantstaten and has energg, .

The probabilitiesf,, n=0, 1 2, ... give complete quantum-statistical description o tdeal

gas of molecules.
(6) Rule of addition of probabilities has the feliog form:

where

O<fn<1’ r!i®n!‘(fn+1/fn)<1'

(7) Rule of combination (multiplication) of prob#tbes for independent random events
has the following form:

where f  is combined probability that two molecules havergy E, + E,. In this case,f is
the exponential function (A. Cauchy, 1821):

f,=f,exp(- bE,)

where /b is a statistical parameter of molecule. The pateml/b is introduced for
mathematical reasons: quantiyE,, must be dimensionless one. This parameter is qoesee

of existence of energy spectrum of quantum par(atem, molecule) and does not depend on
structure of energy spectrum. If the parameter deggendent om, it would represent value of
some (indefinable) random quantity.

(8) The parameter

Yb=-E,/In(f,/f,)
or (in other form)
:I/b =- (En+l - En)/ln (fn+1/ fn)

represents physical-statistical property of molesubf gas and has both mathematical and
physical meaning. From mathematical point of vidn is a continuous and limited variable.
From physical point of view]/ 6 is the physical quantity which has energy dimamsZero is

origin of counting of this physical-statistical ouiy and is the same for molecule of any kind.
Range of existence of this parameter is definethbyelationship

0<1b <E, .



Quantum-statistical description of ideal gas of esales loses statistical meaning outside this

range: (a) if1/b = 0, then the energy of the molecule is not a randamantity; (b) if
¥
Vb =E, ,thenthe set f, is diverged.

n=0
(9) The parametel/ b has the same value for any (every) molecule ef system.
Consequently}l/ 6 is the universal statistical parameter (i.etistteal potential) of the system.
This parameter has essential property of temperafAs is empirically known, this property is

that temperature has the same value for every(palosystem) of system if the system is in a
state of heat equilibrium. Therefore, the identity

]7/ b ° T(statistica)

is the conjecture, the postulate. Owing to thistiydase, the functionf, is called Gibbs quantum
canonical distribution, and the temperatlifg,.s, IS called absolute temperature. The absolute

temperature is temperature in the sense of theepdriGibbs quantum canonical distribution”.
The existence of the absolute temperature doesleqmnd on the existence of a thermometer
(device).

From the above, it follows that the exponentialchion

fn = fO eXp(' En/T(statistica))

is Gibbs quantum canonical distribution. It haseshiye meaning becaudg, and T i) are

independent of existence of a thermometer. It go@aplete quantum-statistical description of
the equilibrium ideal (normal) gas of molecules.

5. The theory of non-equilibrium ideal (normal) gas of nonradiating molecules

The quantum-statistical theory of isolated macrpgsc@ystem — non-equilibrium ideal
(normal) gas of nonradiating molecules — include tireory of equilibrium ideal (normal) gas
and represents the following assertions (premises).

1) The theory of equilibrium ideal (normal) gashoinratiating molecules is valid.

2) A molecule of non-equilibrium ideal (normal) gasindividual quantum particle. Gas
represents system “molecule + molecular gas” whmaiaecule” is a subsystem and “molecular
gas” is an surroundings.

3) Molecules collide with each other in a randomywae energy of the molecule
represents discrete random quantity since changmexfgy of a molecule occurs in a random
way as a result of the great number of collisions.

4) The random quantity takes on the valies n=0, 1, 2, ... whereE, = 0 is origin of

counting of the random quantity.
5) Every elementg, of the set of possible values of energy is in ungoous (one-to-

one) correspondence with the probability(t of) energetic state of molecule. Distribution of
probability f, (t) gives the complete quantum-statistical descriptfomolecule of gas.

6) Statistical ensemble of identical systems “maliedn nth quantum state + molecular
gas” defines probabilityf, (t }hat the molecule is in the quantum statevith energyE, :



¥
f®° lim N”N(t)' N= N, (), 0£t<¥,

n=0

where N, (t )is number of systems “molecule ith quantum state + molecular gas” in moment

of time t; N is full number of systems “molecule + moleculas’ga ensemble (this number
does not depend on time).
7) Probability f,(t ) characterizes ensemble of systems and satisfie®nditions of

normalization (and conservation of normalization)

¥
f(t)=1, 0<f (t)<1,

n=0

of unambiguity and of uniqueness.
8) Stochastic process of change of quantum stateadécule represents Markovian
process with numerable states. Changé dt in tjmet is described by the master equation

df,
dt

=P(f,), P(1)°  [Pun® fu®- Po () £, 0], n= 012...

where P, , (t) is rate of transitiom® n (i.e. the probability of transitiom® n per unit time)
in the moment of timé. The coefficients P, (t) and P, (t) are smooth functions of time

and do not characterize separate (elementary)oadsllisions. These coefficients characterize
statistical process of transitions consisting éagmumber of separate (elementary) acts.

9) There exist limit of quantityf, (t att® ¥ . The limit characterizes stationary state.

If the state of statistical equilibrium is existisen the stationary state in the system “molecule +
molecular gas” is the state of statistical equilibr:

f.(¥)e f,, f, =f,exp(- E,/T)

where f_ is Gibbs quantum canonical distributioh,is statistical temperature of molecule.
10) The principle of detailed balance reads ag¥al the rates of the processes® n

andn® m are equal to each other in statistical equilibridiine formulation of this principle is
as follows:

an(¥) fm:Pmn(¥)fn ) i.e.
P.n(¥)exp(- E,/T)=R, (¥)exp(- E,/T)

10) The formulation of the principle of detailedd®ce represents a necessary condition
of existence of statistical equilibrium:

Pom(¥) _ E -E
=exp - mo11.
Pmn(¥) T

10



This condition means that coefficien&,  (t) P, (t) do not obey the principle microscopic
reversibility of transition processes.

11) Statistical-average enerd@(t) of molecule is defined by the relationship
¥
E®°  Ef.@.

n=0

12) Timet (t) of relaxation of energ¥ (t) is defined by the relationship

dt £ (1)

The following assertions result from the abovehé# isolated ideal gas tends to statistical
equilibrium and reaches statistical equilibriumt@® ¥ , then coefficients P, , (t) and P, (t)

of the master equation depend on time and do rey tiee principle microscopic reversibility of
transition processes. If these coefficients obepedciple of microscopic reversibility of
transition processes, i.e. if

then the stationary state of gas would not beta sfestatistical equilibrium.

6. The theory of photon (quantum) gas being born by radiating molecule

The quantum-statistical theory of photon (quantga — isolated macroscopic system
“molecule + molecular gas + photon gas” where tiiesgstem “photon gas” being born by the
subsystem “molecule” in the process of quantumsitemms not stipulated by acts of collisions —
includes the theory of non-equilibrium ideal (nofngas of nonradiating molecules and
represents the following assertions (premises).

1) The theory of non-equilibrium ideal (normal) gdsronradiating molecules is valid.

2) Process of change of number of photons in te&esyis stipulated by acts of emission
and of absorption of photons by molecules of idearmal) gas. This is stochastic process
because the process of change of energetic quastaienof the colliding molecule is stochastic
process.

3) The statistical ensemble of identical macrosc@ystems “molecule imth quantum
state + molecular gas + photon gas” defines prdbabf,  (t) that molecule is imth quantum

state:

¥
o tim Ne® N- TN 1), 0Bt<y,
Ne¥x N o

n=

where N, (t ) is number of systems “molecule mth quantum state + molecular gas + photon

gas” in moment of time; N is full number of systems “molecule + moleculas gaphoton
gas” in the ensemble (this number does not depernone).

11



4) Stochastic process of change of quantum stateotécule of the system “molecule +
molecular gas + photon gas” represents Markoviavcgss with numerable states and is
described by the master equation

df,
dt

=P(f), P(f)° [P .- P f,@®], n=012... .

5) The setk of identical (i.e. monochromatic) photons beingitead (born) with the
energy hn, . ° \ E, - En\ by molecule in the processn® n (m>n) representsn,, -

monochromatic photon gas. The numbkeof identical photons takes on values frdmto ¥
since there is no physical prohibition on numbeplubtons being emitted by colliding molecule.
(In other words, there exist “secondary quantizétmf gas energy).

6) The energy of the monochromatic photon (quantugds is a discrete random
quantity. Every value of energyn,.k — element of numerable sgin, k , k= 012,... -
is in unambiguous (one-to-one) correspondence thi¢hprobability of energetic state of the
monochromatic photon gas of system “molecule +emdbr gas +7,,, -monochromatic photon

gas”.
7) The statistical ensemble of identical macroscaystems “molecule + molecular gas
+ n,,, -monochromatic photon gas” defines the probabiljfys, . ;t) thatn, -monochromatic

photon gas is irk th quantum state in moment of tirhe

nm?

. ¥ ¥
w 1 qk(nnm;t)zli M(nnm): Mk(nnm;t)

n_:t)e |
qk( nm ) M (7) ® ¥ M(nnm) ‘oo ‘o

where M, (7,1t )is number of the systems “molecule + molecular-gas,, -monochromatic
photon gas inkth quantum state” in moment of tinte M (n2,,,) - full number of the systems
“molecule + molecular gas #,,, -monochromatic photon gas” in the ensemble.

In view of these assertions, stochastic procest@fge of states af, , -monochromatic

photon gas represents Markovian process with nurtestates. It is described by the master
equation m>n)

ddc::k =Wn|:ry1k+l fn qk+1 - (\an:]rl,k fm +Wrr|:r_1lk fn) qk +WnI:T’1k_l fm qk—l

where WX s probability of transitior{n, k +1)® (m, k) per unit of time. In accordance with
the principle microscopic reversibility of traneit processes, the relationship

k, k+1 — k+1, k
WL =W

is valid. The coefficientsWS*" and W** characterize the transition processes

(n,k+1)« (mk) consisting of a great number of separate (elemgntacts. This master
equation att ® ¥ represents the equation of detailed balance
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fo Oy = T G €. Gy =Gy €Xp(- 12,/ T),

where T is the statistical temperature of molecule. Obsipuunique solutiong, of this
functional equation is Gibbs quantum canonicalridhstion

¥

Ok =qOeXp(' hnnmk/T)’ o :}/ eXp(- hnnmk/T)zl_ eXp(- hnnm/T)'

k=0
This distribution is in accordance with the logagvl of identity:

(information on system "molecule + molecular gasr#. -monochromatic photon gas") =
(information on system "molecule + molecular gagt -monochromatic photon gas").

Substituting well-known quantum-mechanical relasiop
W = (k+ WSS

into the master equation and taking into considanahe definition of statistical-average energy
¥

t)°hn,. kg (7,:1)

k=0
of n.,, -monochromatic photon gas, one can reduce the memgtiation to form

hn, . rn

nm?

dir =W

i of(r+1)f - rf,]

where r is statistical-average number of monochromatia@m®being born by molecule. In the
stationary case (i.e. at® ¥ ), this equation takes on the form

(r +1)fm:r f

The solution of this equation is Planck functioe.(Bose’s distribution):
r =[exp(hn,,/T)- 1] "

This correct result permits to compare the masgelagon in thes with Einstein’s equation.
The comparison leads to the unique correct relshignfor Einstein coefficients:

o] o] o 10
A]m Bnm an an'

Thus, the correct theory of photon gas is basestatistics of radiating molecule of the
normal gas. The equilibrium photon (quantum) gasysl‘'Gibbs statistics”: photon gas in the
isolated equilibrium system “molecule + moleculasg+ photon gas” is described by Gibbs
guantum canonical distribution. Planck function §B@ distribution) is consequence of Gibbs
distribution. The temperaturd@ in Planck function represents the temperature agliating
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molecule of the normal gas. Einstein coefficie#{s,, B
consequently, loss the generally accepted sense.

B, are equal to each other and,

nm? mn

7. Discussion

As is known, the generally accepted science pamadijpulates an inductive way of
knowledge of the world. A scientific truth (as s®m of experimental facts and theories) obeys
the principle of dialectical development. The daical development (i.e., quantitative and
gualitative changes in the direction of ascensiomfsimple forms to complicated ones) of the
truth includes the “birth and extermination” of sermeories, transformation and unification of
others. Selection of theories is made on the béseiteria of validity. According to Einstein,
there exist two criteria: the “external justificati’ criterion (i.e. agreement with experimental
data) and the “internal perfection” criterion (i.@ccordance with logic laws, with sense of
harmony and beauty). “When experience is in aceueavith theory, it means “it may be so”
for the theory” (Einstein). The theories which dot satisfy these two criteria are obviously
incorrect. But they are not unavailing ones: thdgyp important role in development of
knowledge of the world. Incorrect theories and ieri@re psychological means of broadening of
scientists’ consciousness, and broadened cons@ssispromotes deductive revision of
foundations of science. In my point of view, theoes are explained by the global cause: the
errors are a collateral and inevitable result dictive method of knowledge of the Nature. One
of such erroneous theories of the 20th centurtheés generally accepted theory of quantum
(photon) gas.

If the principle of the unity of formal logic andf @ational dialectics is a correct
methodological basis of science, then the concermom quantity must be a starting-point of
any physical-statistical theory. In this case, ribstion of probabilities gives correct and
complete physical-statistical description of thgggbal system. “The insufficient understanding
of this circumstance is a root of those difficudti@vhich one should overcome now” (Einstein).
As is known, in the case of statistical theory ebhphenomena, energy is a random quantity.
However, Planck’s, Einstein’s, Bose's works on theory photon (quantum) gas and the
generally accepted Boltzmann distribution (usedHignck, Einstein, and Bose) are not in
accordance with this argument. For example, Boltendistribution

b =bg,Z *exp(- E/T)

(whereb is the total density of the moleculds,is the density of molecules in stateT is the
temperature,g; is the degeneracy of staie and Z is the partition function) has no any
probabilistic meaning because: (a) the energy @htiolecule is not a random quantity ands
not probability; (b) b/bt f,; (c) from the probabilistic point of view, the a@bnship

b /b= f, is essential error. Therefore, Planck’s, Einsiiahd Bose’s arguments concerning to

the theory of photon (quantum) gas are open toctibje these arguments contain formal-logical
errors. The formal-logical errors in physics couldt be realized and comprehended by the
classics of physics and by the physicists followetin. As is known from the autobiographies of
classics of physics, classics of physics did natssehard psychological shock when they
detected some inconsistencies (obstacles) in phj&icause they take on trust the possibility of
knowing the world. They tried to get round an obktand did not try to destroy it. That is why
scientific achievements of classics of physicsaareffect of long reflection and of momentary-
lucid consciousness. The momentary-lucid consciegsitannot propose correct and complete
solution of problem. And correct knowledge is effef both hard psychological shock at
detection of inconsistency in science and constdatlid consciousness. The constantly lucid
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consciousness promotes comprehension of the faltpwnain statements [21-23]: (1) the
problem of scientific truth is the most urgent gdesb of our time. This problem can be solved
only with help of a new theory of knowledge sinsience without the theory of knowledge
becomes primitive and muddled” (A. Einstein); {B¢ correct theory of knowledge cannot be
built if there is no solution of the problem of stance of God (Creator, Ruler) in science; (3)
scientific achievements depend on the moral gealibf man: in ancient Greek philosopher
Socrates’ opinion, the existence of objective trgtltonsequence of the existence of objective
moral principles. Therefore, “the moral qualitigstite prominent person are, probably, of great
importance for the given generation and all coucfehistory than purely intellectual
achievements. The lasts depend on greatness daf tgpien greater degree than it is usually
accepted to consider” (A. Einstein).

Many yeas later, Bose recollected: “I did not inmegthat | did something new. | not so
understood statistics to understand how much myoagp differed from the approach which
Boltzmann could have proposed on the basis ofthtsscs. Instead of imagining light quanta in
the form of particles, | spoke about these stafg@8]. Einstein characterized Bose’s work as
follows: “Bose’s derivation is elegant but its asse remains foggy”. Bose’s idea and method
rendered essential influence on Einstein’s, Ferraiid Dirac’s works: “The derivation of Planck
formula, proposed by Bose, is a great achievenidmt. method used by him gives also the
guantum theory of ideal gas... since light quantuneseence differs from one-atom molecule
only in the respect that the rest mass of quantumamishing small. The analogy between gas of
guanta and gas of molecules should be full” (Eimdt This analogy and “foggy essence of
Bose’s method” resulted in theories of moleculaarqum gas, “Bose-Einstein statistics”,
“Fermi-Dirac statistics”, and the concepts “cherhigmtential’, “secondary quantization”,
“physical vacuum” [16-20]. Today only a genius danpossessed of both intuition and courage
to cast doubt on traditional theories and conckptause a genius goes in his own, independent
way.

Conclusion

Thus, the correct theoretical analysis of the gaherccepted foundations of theory of
photon (quantum) gas leads to the following maoppsitions.

(1) Planck’s, Einstein’s, and Bose’s works on tieory of photon (quantum) gas contain
logical errors.

(2) The correct foundations of the statistical tiysaf photon (quantum) gas are based on
the key idea that the problem of correct quantuatistical description of photon gas must be
solved within the framework of master equation nigkinto consideration both the quantum
states of the radiating molecule and the quantusmtestof the photon gas in the isolated
macroscopic systems “molecule + molecular gas +aclmmmatic photon gas”.

(3) The formulated master equation describing pihaas in the isolated macroscopic
systems “molecule + molecular gas + monochromatiotgn gas” gives the correct and
complete quantum-statistical description.

(4) The main results of the quantum-statisticatdpson of photon gas are as follows:

(a) photon (quantum) gas being born by radiatindeme obeys “Gibbs statistics”:
equilibrium photon (quantum) gas is described bpbSiquantum canonical distribution; the
statistical temperature in Gibbs quantum canordcstibution represents the temperature of the
radiating molecule;

(b) Planck function (“Bose’s distribution”) is am®equence of Gibbs quantum canonical
distribution.

(c) Einstein coefficients (i.e. the coefficientssgfontaneous emission, induced emission
and absorption) are equal to each other.
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