


Relativistic Thermodynamics

Written by Emil V. Veitsman

Ph.D., Independent Researcher, Russia
E-mail: evveitsman@gmail.com

Horizon Research Publishing, USA




Title: Relativistic Thermodynamics
Author: Emil V. Veitsman
Edition: The First Edition

Published by:

Horizon Research Publishing
2880 ZANKER RD STE 203
SAN JOSE, CA 95134

USA

http://www.hrpub.org
Printed on acid-free paper

ISBN: 978-1-943484-10-2

General Enquiries

Publish with HRPUB, learn about our policies, submission guidelines etc.
Email: editor@hrpub.org

Notice

This book contains information obtained from authentic and highly regarded
sources. Reprinted material is quoted with permission, and sources are indicated.
A wide variety of references are listed. Reasonable efforts have been made to
publish reliable data and information, but the author and the publisher cannot
assume responsibility for the validity of all materials or for the consequences of
their use.

Trademark

Product or corporate names may be trademarks or registered trademarks, and are
used only for identification and explanation without intent to infringe.
Copyright © 2017 Horizon Research Publishing Co., LTD

This work is subject to copyright. All rights reserved. No part of this book may be
reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying, recording or by any information storage and retrieval
system, without written permission from the author, except for the inclusion of
brief quotations in a review.

Horizon Research Publishing, USA



Relativistic Thermodynamics |

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

KopoTkoe npeancnosme

Penatmsnctckas TepmoguHamuka (PT) cywiecTtByeT yke 6onee crta feT,
OHAKO He TaK y>Ke MHOro Hay4HbIX paboT 6blsio ony6/mMKoBaHo 6oree, YeM 3a
cTonetve, B 3TOM 06nactn usnkn. C Jpyrovi e CTOPOHbI pe3ynbTaThbl,
MONyYeHHble UccefoBaTeNIIMU, B BbICLLEN CTerneHn NpoTneopeyrsbl. OCO6eHHO
3TO KacaeTcs Mpeobpa3oBaHWs TeMMepaTypbl Npu PeNsTUBUCTCKUX YCOBUAX.
Moyemy e? C Hawleli TOYKM 3PEHUs, NaBHas NpuUYMHa 3TOro 3aK/yaeTcs B
OTCYTCTBUM  KakuMX-IMBO 3KCMEPMMEHTOB, OCYLLECTBNEHHbIX B 06nactu
PEeNATUBUCTCKON TePMOAVMHAMUKM 3a BCE BpPeMs eé CyLLecTBOBaHMA. VIMEHHO 3TK
3KCMepUMeHTbI MOrN Obl MOATBEPAUTb WNN >Xe OMPOBEPrHYTb MPaBUIbHOCTb
pesy/bTaToB, MOMYYEHHbIX TeopeTvkamu. CNOB HET, B 3eMHbIX YC/IOBUAX
OCYLLIECTBUTb 3KCNepMMeHTbI B 06nacT PT KpailHe CNOXHO (ecin TONbKO
BOOOLLE BO3MOXHO); 4YTO XK€ KacaeTCsi HayyHOM nabopaTopun, UMeHyemoi
KOCMOCOM, TO HblHe OHa OCBOEHa Ye/fl0BEYECTBOM EeLIE [aneko He Nyyllivm
06pa3om. [103TOMYy TeopeTUyecKne pesysnbTaTbl, MOMYYeHHbIE L0 HACTOALLEro
BPEMEHWN, HOCAT B OCHOBHOM TMMOTETUYECKMIN XapakTep. OfHaKo nyulle
Kakas-HuKakas Teopus, 4eM BOOOLLIE MO/THOe OTCYTCTBME TEOPUN, 0COBEHHO eC/n
OHa HenpoTuBopeunBa. Hagetocb, Takas Teopus 6bl1a MHOM pa3paboTaHa, BO
BCAKOM CnyYae, A OYeHb HaferoChb, YTO 3TO MMEHHO TaK. 3TO MPeuc/ioBMeE MHe
X0Tenoch 6bl 3aBepLUMTb C/I0BaMKn 61arofapHocTy B agpec M.J1. ®dunibyeHKoBa 3a
ero NoMOLLb 1 COBETbI, OKa3aHHble 1 JaHHbIe MHE M0 XO4Y HarnucaHWUs MHO 3TOM
KHWUIN, NpM6aBMB K HUM UMTaTy 13 ®énopa TroTueBsa:

«Ham He faHo npefyragars,
Kak c/10BO Hallie O0T30BETCS...»

Mocksa, Hos16ps 2013 — mai1 2016
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Short Biography

The author of this book, Emil V. Veitsman, PhD, is an engineer, inventor (ten
inventions) and researcher. During the life he worked in several 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), He
is an author of more than hundred scientific articles. In 1968, as
engineer-metallurgist, he has defended dissertation in the field of the continuous
steel production. In 1989 he has published the book (with V.D. Venbrin, the
coauthor) “The Technological Preparation of the Production of the
Radio-Electronic Apparatus” (in Russian). In 1999 E.V. Veitsman releases the
monograph from the field of capillarity “The Quasiton Theory in the Interface and
its Application” (in Russian and English) where, using Maxwell’s ideas,
represents the original theory of the interface. In particular, he studies the
surface tension — the important thermodynamical parameter which anybody has
not researched up to him under relativistic conditions. E.V. Veitsman decided to
solve the problem connected with the relativistic surface tension having begun to
work in the field of Relativistic thermodynamics where there was no any clarity
already almost century. He has made an attempt to input this clarity into
relativistic thermodynamics, first, having studied carefully the big part of the
works concerning relativistic thermodynamics; second, having studied processes
which anybody has not researched up to him under relativistic conditions — the
surface tension (the above mentioned), chemical reactions and so on; third, having
studied these processes in aggregate. As a result this book was born — the first
monograph in the world in the field of relativistic thermodynamics.

Now Emil V. Veitsman is an independent researcher. He is also a poet and
writer (fantastic short stories).

Horizon Research Publishing, USA



186

REFERENCES

[1] Planck M., Annalen der Physik, 1908, 26, Ne6, 1-34.

[2] Ott. H., Zeitschrift f. Phys., 1963, 175, Heftl, 70-104.

[3] Callen H. and Horwitz G., Am. J. Phys. , 1971, 39, 938 - 947.

[4] Cavalleri G., Salgarelli G. , Il Nuovo cimento. Organo della societa italiano
di fisica A, 1969, serie 10, 62 (A 62), Ne 2 - 4, p. 722 - 754.

[5] Veitsman E.V., J.Colloid Interface Sci., 2003, 265, 174 - 178.

[6] Veitsman E.V., ibid., 2004, 275, 555 - 5509.

[7] Veitsman E.V., ibid., 2005, 290, 231 - 234; 2006, 295, 592; 2009, 333, 411.
[8] Eckart C., Phys. Rev., 1940, 58, 919 - 924.

[9] Landau L.D. and Lifshitz E.M., Theoretical Physics, Hydrodynamics, V.6,
8136 (1986, Nauka, Chief Editorial Board of Physical and Mathematical
Literature, Moscow) in Russian.

[10] Hiscook W.A.. , Phys. Rev, D., 1985, 31, Ne4, p.725 - 733.

[11] Madelung E., Die matematische Hilfsmittel des Physikers (Springer-Verlag,
Berlin, 1957, Teil 2, Abschnitt 5).

[12] von Mosengeil K., Annalen der Physik, 1907, 22, 867 - 904.

[13] Abraham M, , Elektromagnetische Theorie der Strahlung (B.G. Taubner,
Leipzig, 1905) , S. 351.

[14] Terletsky Ya. P., Statistical Physics (Visshaya Shkola, Moscow, 1066), 842.

[15] Laue M. von, Relativitaetstheorie, der erster Band (Friedrich Vieweg and
Sohn, Braunschweig, 1956), §23.

[16] Levich V.G. Course of Theoretical Physics, V.1 (Fizmatgiz, Moscow, 1962)
in Russian.

[17] Veitsman E.V., Journal of Experimental and Theoretical Physics, 2007, 105,
1057 - 1067.

[18] Bazarov I.P. Thermodynamics (Vysshaya Shkola, Moscow, 1963), Ch.8.

Horizon Research Publishing, USA



187

[19] Einstein A., Ueber das Relativitaetsprinzip und die aus demselbe gezogenen
Folgerungen, Jahrbuch deutsche Radioaktivitaet und Elektronik, 1907, Ne4,
411 - 462.

[20] Planck M.., Zur Dynamik bewegter Systeme, Sitzungber. Preuss. Akad.
Wiss., 1907.

[21] llg P., Ottinger H.Ch., Phys. Rev., 2000, D61, 023510.

[22] Rowlinson J.S.,Widom B., Molecular Theory of Capillarity (Claredon Press,
Oxford, 1982, Ch.2).

[23] Landau L.D. and Lifshitz E.M., Theoretical Physics. Short Course, Book 1
(Nauka, Moscow, 1969, §839, 76).

[24] Veitsman E.V., The Quasiton Theory of the Interface and its Applications
(Atomizdat, Moscow, 1999, ch.3).

[25] Veitsman E.V., J. Colloid Interface Sci., 1999, 214, 207.

[26] Landau L.D. and Lifshitz E.M. , Course of Theoretical Physics, V. 2.
Classical Field Theory, 6" ed. (Nauka, Moscow, 1973; Pergamon, Oxford,
1974), p. 456.

[27] Farias C.A., Moya P.S. and Pinto V.A., On the Relativistic Thermodynamics
and Special Relativity (in Internet, March 20, 2008).

[28] Landsberg P.T. and Matsas E.A., Physics Letters, 1996, A 226, 401.
[29] Veitsman E.V., Galilean Electrodynamics, 2015, 26, 22.

[30] Landsberg P.T., Annals of Physics, 1972, 70, 1.

[31] Ives H.E., J. Opt. Soc. Am., 1940, 30, 255.

[32] Veitsman E.V., J. Colloid Interface Sci., 2009, 337, 355.

[33] Prudnikov A.P., Brychkov U.A. and Marichev O.1., Integrals and Series, V.1
(Fizmatgiz, Moscow, 2003), p.177 [in Russian].

[34] Landsberg P.T., Matsas G.E.A., Physics Letters A, 1996,223, 401.
[35] Landsberg P.T., Matsas G.E.A., Physica A, 340, 2004, 92.

[36] Hamity V. H., Phys. Rev., 187, 1969, 1745.

[37] Krizan J.E., Physical Letters, A71, 1979, 174.

Horizon Research Publishing, USA



188

[38] Weymann R., Phys. Fluids, 8, 1965, 2112.

[39] Schouten J.A., Tensor analysis for physicists (The Clarendon Press, Oxford,
1951).

[40] Veitsman E.V., Technical Physics, 2010, 55, 595.

[41] Kluitenberg G.A., De Groot S.R. and Masur P., 1953, 19, 689 - 704 and 1079
-1094.

[42] Haase R., Thermodynamik der irreversiblen Prozesse (Dr. Dietrich Steinkopf
Verlag, Darmstadt, 1963).

[43] Veitsman E.V., Galilean Electrodynamics, Fall 2012, 23, special issues N2,
23.

[44] Veitsman E.V., Russian J. Phys. Chem., 1999, 73, 1511.

[45] Muschik W. and von Borzeskowski H.H., General Relativity and Gravitation,
2009, 41, 1285.

[46] Veitsman E.V., Universal J. Phys. and Application, 2013, 7, 380 — 391.

[47] Hakim R., Mangeney A., Lettere al Nuovo Cimento. Revista internazionale
Society della italiana di fisica, seria 1, 1969, v.1, 429.

[48] Medvedev M.V., Phys. Review, E, 1999, 59, 4766.
[49] Veitsman E.V., Russian J. Phys. Chem., 1990, 64, 1706.
[50] Veitsman E.V., J. Colloid Inreface Sci., 2000, 223, 54.

[51] De Groot S.R. and Mazur P., Non-equilibrium Thermodynamics, Ch.6
(Amsterdam, North-Holland Publishing Company, 1962).

[52] Veitsman E.V., Galilean Electrodynamics, 2011, 22, 56.

[53] Veitsman E.V., Phys. Rev. & Research Int., 2014, 4, 217 — 230.
[54] Veitsman E.V., Am. J. Modern Phys., 2013, 2, 93 — 97.

[55] Veitsman E.V., Universal J. Phys. and Application, 2015, 9, 47 - 57.

[56] Kuni F.M., Statistical Physics and Thermodynamics (Moscow, Science,
1981).

Horizon Research Publishing, USA



189

[57] M@ ller C., Relativistic Thermodynamics. A strange Incident in History of
Physics. Det Kongelige Danske Videnskabernes Selskab Matematisk-fysiske
Meddelelser, 1967, 36, 1 — 26. See also C. Moller’s article “The
Thermodynamics in the Special and the General Theory of Relativity” in
“Old and New Problems in Elementary Particles”, Editor G.Puppl, 1968,
pages 202 — 221.

[58] Van Kampen N.G., Phys. Rev., 1968, 173, 295.
[59] Eberly J.H. and Kujawski A., Phys. Rev.,1968, 166, 197.

Horizon Research Publishing, USA



190

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.

aisaconstantin (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™? s in Gaussian system of units).

C s the specific heat capacity at a constant volume.

C ~ are correlation coefficients.

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

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

D; s 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, are the tensor components of the electrical field intensity (V - m™).
E s the covariant 4-electrical intensity (affine tensors).
F is the free energy.

F s the electromagnetic field tensor 01,23 or

, 12,3,4.

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

3 is Faraday’s constant (C - mol™).
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Jc is the generalized flux of mass transfer of kind “k’” microparticles (g - cm™-
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 is the mass-density dimensional contravariant vector (g - cm’).

L is the cube edge (cm).
I(l,) is the 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 —

g2 . cm™2. g1,

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,,Ny,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
i
n is the spatial unit vector.

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

st

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).

0

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

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

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

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

(J - grad®- cm?).
S(S,) isthe surface element.

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

T(T,) is the absolute temperature.

T' isthe tensor of temperature.

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.

vV is the vector of the mean velocity of particles in perfect gas.

v',v?,v® are the components of Vv

VV? s the root-mean-square velocity of the system microparticles at its mass
centre.

V, is the most probable microparticle velocity.

W is the work done under the system by an external source (§2.11).
W s the energy-momentum density tensor (erg - cm™; §5.5).
w is the object velocity in a laboratory reference frame; 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
in the interval d  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 “k™ microparticles
(H-g").

Z, is the electrical valency.

, , , arethe vectorand tensor indices.

o is the electric conductivity (s™; Gaussian system of units).

Y,
— or v/c.
C

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

L is the thickness of the interface (cm).
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| are vectors (cm).

I' and | are the covariant and contravariant paths charge passed in the
moving system.
S is the increment of the interval (SR).

V is the volume of the interface (cm?).

are the Kronecker tensors.

o Isthe specific energy of the black-body radiation (J - VY.

i are the components of the deformation tensor (%).
is a voltage (g2 - cm'? - s™; Gaussian system of units).

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

is the volume viscosity tensor.

is the coefficient of the shear viscosity (g - cm™ s™)
is the covariant 4-tensor of the conductivity (s™).
A is the thermal conductivity coefficient (J - cm™ - s - grad™).

My My

0 is the mass density.
VO VO
o Isthe chemical potential (J, see 85).

are the stoichiometric coefficients of the substances A and B.

s, 0O are oscillation frequency of photon, as s #0 and s=0 (see formula
(3.1.17)).
is the emissive radiation power (J - m?. sh.

oj is the photon j frequency.

Oj , K is the directing vector of photon j.

is the angle between the velocity vector v and the line connecting the
observer and the device.

Horizon Research Publishing, USA



196

is the 4-D energy tensor.
KT.
p is the electric charge density (C - cm™; §5.5).

. 1 2 2 Isthe density of substance (mol - cm®) in the condensed
phase (liquid and solid) and gaseous phase.

o Isthe linear coordinate in the spherical coordinate system.

,T s the energy density of oscillators (J - m™; § 3.1).
is Stefan's constant (J - m?- s™ - grad™).
is the surface tension (J - m™).

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

is the tensor of electrical conductivity.
[s] is the local entropy production (J - cm™?- s™ - grad™).
i are the components of the stress tensor in accordance with theory of
elasticity (N - m?, see Fig.9).
is part of the full volume V.
( ) isthe polar angle (the spherical coordinate system).
is the dissipative function (J - cm™ - s™).
( o) 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).

w is the area of the surface on which the chemical reaction is running.
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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 liesin the fact that the theoretical
results have not been experimentally verified. Of course, it isvery difficult, if
possible, to perform this verification on Earth. Experiments in space are in-
sufficient. Thus theoretical resultsin RT are hypothetic. However, it is much
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