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Brief Preface

Relativistic thermodynamics (RT) has been existing for more than a century,
however, there are not many works in this field of physics. On the other hand, the
results obtained by researchers are very contradictory. Especially it concerns the
temperature transform under relativistic conditions. Why? The main explanation
of the contradictions lies in the fact that the theoretical results have not been
experimentally verified. Of course, it is very difficult, if possible, to perform this
verification on Earth. Experiments in space are insufficient. Thus theoretical
results in RT are hypothetic. However, it is much better than the absence of any
theory at all. There is reason to hope that we have elaborated a consistent theory.
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1 Relativistic Thermodynamics

KOpOTKOC NnpeaucjaoBue

PenstuBuctckass tepmommaammka (PT) cymectByer yxe Oomee crta IerT,
OJTHAKO HE TaK y’K€ MHOTO Hay4YHBIX pa0oT ObUIO OmyOJIMKOBaHO Ooliee, YeM 3a
cTojerne, B 3TOM oOmactu ¢m3mku. C 1pyroil xKe CTOPOHBI PE3YNbTATHI,
MOJTy4YEeHHBIE HCCIIE0BATENSIMH, B BBICILICH CTENIEHN MPOTUBOPEYUBBI. OCOOCHHO
9TO Kacaercsl MpeoOpa3oBaHMs TEMIIEPaTyphl MPU PEISITUBUCTCKUX YCIOBHSAX.
[Touemy >xe? C Hameil TOUKM 3peHus, TIaBHAS MPUYMHA 3TOTO 3aKII0YaeTCs B
OTCYTCTBHM KaKHX-THOO 3KCIIEPUMEHTOB, OCYLIECTBIEHHBIX B 00JIACTH
PEIATUBUCTCKON TEPMOAUHAMUKH 3a BCE BpeMs €€ cyliecTBoBaHusA. IMEHHO 3T
9KCHEPUMEHTHI MOTJM Obl MOATBEPAUTH WM K€ ONPOBEPIHYTH MPaBHIBHOCTb
PE3YIbTATOB, MOJYUYCHHBIX TCOPCTUKAMU. CraoB HET, B 3CMHBLIX YCJIIOBUAX
OCYIIECTBUTh JSKCIIEpUMEHTHI B obmactu PT kpaitHe cliokHO (€ciu TOIBKO
BOOOIE BO3MOXKHO); YTO K€ KacaeTcs HaydyHOH nabopaTopuu, WMEHYEeMOM
KOCMOCOM, TO HBIHE OHA OCBOEHA YEJIOBEYECTBOM €IIE AAJCKO HE JyYIIUM
obpazom. [losTOoMy TeopeTHueckue pe3yibTaThl, MONYyYCHHBIE A0 HACTOALIETO
BPEMEHH, HOCAT B OCHOBHOM THMIIOTETHUYECKHM Xapakrep. OnmHako ydrie
Kakasi-HUKaKasi TEOpHsl, YeM BOOOIIIE TTOJIHOE OTCYTCTBHE TEOPHH, OCOOCHHO €CIH
OHa HempoTuBopeunBa. Hazmerock, Takas Teopust Oblla MHOM pa3zpaboTaHa, BO
BCAKOM CITy4ae, S O4eHb HaJIeI0Ch, YTO 3TO UMEHHO TaK. DTO MPEANUCIOBHE MHE
XOTeNnoch OBl 3aBEPIIUTH cJI0BaMH OjarogapHocTH B agpec M.JI. @unbpueHkoBa 3a
€ro MoMouIb U COBETHI, OKa3aHHBIC U JTAHHBIC MHEC 110 X0y HalTUCAHUA MHOM >TOM

KHUTH, TprOaBUB K HUM nutary u3 ®énopa TroTuera:
«Hawm He aHO npenyranars,
Kak croBo Hamre oT30BETCH. .. »

Mocksa, HOs1Opst 2013 — maii 2016
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Symbols

A (A,) is the work; here and below symbol "0" denotes that the quantity is
taken at rest.

Ais the current intensity (A; 85.5)
A, is the affinity according to De Donde.

aisaconstant in (2.1.26) (J - cm> grad™).
a,,a,,a are phenomenological coefficients.

B,,B, B, are the tensor components of the magnetic field intensity (A-m™).

12,

B is the magnetic induction (g% - cm™?2- s in Gaussian system of units).

C, is the specific heat capacity at a constant volume.

C.(.:") are correlation coefficients.

c (c) is the velocity (speed) of light.

¢, isthe substance %’ density ( mol - cm®, g - cm?).
Dj; is the diffusion coefficient (cm*- s™; tensor).

D;* is the so-called thermal diffusion coefficient (cm?- s™; tensor).

1

D is the electrostatic induction (g2 cm™2- s in Gaussian system of units).

E is the energy of system.

E isthe average energy of the perfect gas.

E,, E, E, arethe tensor components of the electrical field intensity (V - m™).
E, is the covariant 4-electrical intensity (affine tensors).

F is the free energy.

F“ is the electromagnetic field tensor ez, # = 0,1,2,3 or «a, f=1,2,3,4.

F“ is the antisymmetric tensor of the electromagnetic intensity (m*% cm™2
s? 85.4).

1? is Faraday’s constant (C - mol™).
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é is the free enthalpy.

G is the momentum (vector); G is its absolute value.

G,=0Glow.

G, G, are the electric intensity (J- m- C!); in Gaussian system of units —

g% cm¥2. 5L,

9, g, arethe fundamental tensors (contravariant and covariant).

a

g% is the trace of g .
H is the enthalpy.
H, =H/éw (J-cm?).

H is the magnetic field intensity (C-m™ s™); in Gaussian system of units — g

Cm-l/Z . S-l.

h is Planck's reduced constant.

| is the current intensity (g2 cm*? -s; Gaussian system of units)

I, is the amount of impurity passing per unit time through

a unit surface area perpendicular to the mass flow (mole - cm™ s™).

If:") are the generalized fluxes of the type r, q, i, p, i.e., for chemical reactions,
heat-, mass-, and momentum transfer.

;™ is the amount of heat passing per unit time through a unit area of surface
perpendicular to the heat flux vector (J - ¢ s™),

j is the three dimensional density current (C - ¢ s™).

i* and iy are contravariant and covariant dimensionless unit-vectors.

i is the imaginary unity.

j, is the vector of the electric current density (g ¥ ¢+ s% 3-D formalism).
J, is the vector of the electric current density (4-D formalism).

j° is the current density (C - 5% g2 ¢+ s%) under normal conditions.

Jo is the generalized flux of heat transfer (J - em? - s™).
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Jc is the generalized flux of mass transfer of kind “4” microparticles (g - em™-
s1) in the system of the mass centre;

K is the force according to von Laue (see (2.2.25) ).
k is the wave vector (cm™).

k is the module of the wave vector (cm™; § 3.1).

k is the Boltzmann constant (J - grad™).

k is the reaction rate coefficient (chapter 4).

m*#) s the mass-density dimensional contravariant vector (g - cm™).

L is the cube edge (cm).
[(l,) isthe object length.

M(My) is the mass of the microparticle system.

M is the magnetic polarization (J - s - C*+ cm™); in Gaussian system of units —

g1/2 com2. gt

m,(m,,;) is the mass of the microparticle of a kind "i".

N is the number of molecules.

N, is the number of microparticles in the system being in the state "i",
i=1,2,3,...,r

N,,N,,N,,N, are the components of the photon 4-vector (formula
(2.4.5) ).

n is the number of substance moles.

n is the refractory index (85.5)

N, is the average number of light quanta being in the state with a given energy

E:.

n is the spatial unit vector.

P is the electric polarization (C+ m™); in Gaussian system of units — g* - cm™?

-5t

p is the baric pressure and the pressure of light (N - cm ).

p(x) is the probability distribution of x.
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Q(Q,) Is heat.

Q™ s the tensor of heat.

q is the density of the amount of heat at the point x; (85.2; J - cm™).
q is the velocity of a Planckian radiator.

q is the velocity vector of the object (81).

q° is the quantity of heat which is allocating in unit volume of the conductor

per unit time when the conducter carries a current (J - cm™ - s*; §5.5).

R is the electrical resistance (V -A™).

r(ro) is the radius of a bubble or drop.
S(S,) isthe entropy.

S,=8/dw (J-grad™-cm?).
S(S,) isthe surface element.

S is the heat flux (J - cm?- s™).
s is the interval (83.2).

T(T,) isthe absolute temperature.

T'“’ is the tensor of temperature.

T, (TOb) is the boiling temperature of the liquid.
T* or T* isthe energy-momentum tensor.
T is the mechanical flux of energy (J - cm?-s™).
t, are the elastic stresses.

U is the electric potential difference (V).

u=u; u are the 3-D space components of the 4-velocity vectors in the
reference frames X and X

v is the average velocity of the microperticles.
V is the volume.

v is the speed.
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v is the vector of the velocity.

v® is the vector of the mean velocity of particles in perfect gas.

v',v*,v? are the components of v* ;

Vv? is the root-mean-square velocity of the system microparticles at its mass

centre.

v, is the most probable microparticle velocity.

AW is the work done under the system by an external source (82.11).
W s the energy-momentum density tensor (erg - cm™®; §5.5).

w is the object velocity in a laboratory reference frame; w,,w,,w, are its
components.

w' is the object velocity for the observer being in a moving reference frame;
W,,W,, W, are its components.

w is the probability of the object (a subsystem in [16]) having a parameter A
in the interval 4+ A4+ dA owing to an external work source (§11).

Xf;") are the generalized forces of the type q, i, p, i.e., for the heat-, mass-, and
momentum transfer.

Xq is the generalized force of heat transfer (cm™).

X are the generalized forces of mass transfer of kind “4” microparticles
(H-g").

Z, is the electrical valency.

a, B,y,0 are the vector and tensor indices.

a is the electric conductivity (s™*; Gaussian system of units).
p= Y or P =vic.
c

" is the surface density of the substance (mol - cm™).

AL is the thickness of the interface (cm).
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Al are vectors (cm).

Al and Al” are the covariant and contravariant paths charge passed in the

a

moving system.
As is the increment of the interval (SR).

AV s the volume of the interface (cm?).

5aﬁ,§f ,0 are the Kronecker tensors.
5(50) is the specific energy of the black-body radiation (J - V™).

&, are the components of the deformation tensor (%).

2,

® isavoltage (g2 - cm'? - s; Gaussian system of units).

¢ s the coefficient of volume viscosity (g - cm™ s™).

& is the volume viscosity tensor.
n is the coefficient of the shear viscosity (g - cm™ s™)
A, s the covariant 4-tensor of the conductivity (s™H.

A is the thermal conductivity coefficient (J - cm™ - s™ - grad™).

m, dm
Uy =—2=—2is the mass density.
VO 0
,u(,uo) is the chemical potential (J, see §5).

v,,vy arethe stoichiometric coefficients of the substances A and B.

v(s),v(0) are oscillation frequency of photon, as s #0 and s=0 (see formula
(3.1.17)).

3 is the emissive radiation power (J - m?- sh.

v\ is the photon j frequency.

K'éj) , k 1S the directing vector of photon j.

@ is the angle between the velocity vector v and the line connecting the
observer and the device.
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I1“ is the 4-D energy tensor.
®=kT.
p is the electric charge density (C - cm™; §5.5).

,ol(p10 ) o (on) is the density of substance (mol - cm™) in the condensed
phase (liquid and solid) and gaseous phase.

P, Is the linear coordinate in the spherical coordinate system.
plo,T) is the energy density of oscillators (J - m?; § 3.1).

o is Stefan's constant (J - m?-s™ - grad™).

o is the surface tension (J - m™).

o is the electrical conductivity (cm - s™) or specific electrical conductivity (s™;
85.5).

o, Is the tensor of electrical conductivity.
o[s] is the local entropy production (J - cm™?- s™ - grad™).

7, are the components of the stress tensor in accordance with theory of
elasticity (N - m?, see Fig.9).

L is part of the full volume V.

@(p,) is the polar angle (the spherical coordinate system).

Y s the dissipative function (J - cm™ - s™).

w(w,) isthe azimuth angle.

@ is the oscillation frequency

@ is the area of the interface separating liquid (solid) and gas (m%; §2.8).

@ is a macroscopic physical quantity depending on the volume V and the
absolute temperature T (82.11).

o is the area of the surface on which the chemical reaction is running.
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Relativistic thermodynamics (RT) has been existing for more than a century,
however, there are not many works in this field of physics. On the other
hand, the results obtained by researchers are very contradictory. Especially
it concerns the temperature transform under relativistic conditions. Why?
The main explanation of the contradictions lies in the fact that the theoretical
results have not been experimentally verified. Of course, it is very difficult, if
possible, to perform this verification on Earth. Experiments in space are in-
sufficient. Thus theoretical results in RT are hypothetic. However, it is much
better than the absence of any theory at all. There is reason to hope that we

have elaborated a consistent theory.
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fields of science and technology: metallurgy, the patenting (like Albert Einstein),
thermodynamics of irreversible processes, standardization, electronics
production, theory of capillarity and, at last, relativistic thermodynamics

(once more like Einstein).
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