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Abstract Some processes of heat and electrical charge
transfer under relativistic conditions have been studied
allowing for primordial substance anisotropy. In particular,
electrical charge convection and conductivity were
examined in the framework of 3-D and 4-D formalisms.
Dependences were obtained in which the left-hand-sides and
right-hand-sides transformed identically as v — ¢, where v

was the velocity of the object under study, ¢ was the speed of
light. Dependences were also obtained for the heat transfer in
the framework of 4-D formalism under relativistic conditions
when the substance in the system was primordially
anisotropic. The above dependences for the charge transfer
are correct for systems where charges, e.g., electrons, can
move more quickly than photons (Cherenkov’s case). A
consistent relativistic thermodynamics was also to be
obtainable only if H.Ott’s temperature transformation under
relativistic conditions takes place. Range of Considered

Symbols. J“ 4nq4 J, are the contravariant and covariant

4-current density; j“is the 3-current density; E_E y,Ez
are the tensor components of the electrical field intensity.
B,,B, B are the tensor components of the magnetic field

intensity; O is the conductivity; o is the charge density;
u®,u p are the contravariant and covariant dimensional
velocities; 0 ,;5(L,;)is the conductivity tensor; 7 is the
temperature; Ala( p) are the vectors oriented in space; s is
the invariant interval; Gﬁ and G“ are the covariant and

contravariant 3D-electrical intensity; E Y, and E? are the

covariant and contravariant 4D-electrical intensity; ¢ is the
quantity of heat which is allocating in unit of volume per unit

of time (J + cm™ - s7); A and Aaﬁ are the contravariant
and covariant 4-tensor of conductivity; 1 &) is the heat

flux contravariant 4D-vector; D(gf) is the heat flux

coefficient (contravariant 4-tensor).

Keywords Relativistic Thermodynamics, Heat Transfer,

Charge Transfer, Conductivity, Relativistic Temperature,
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1. Introduction

In [1] transfer processes under relativistic conditions were
studied. They were the processes of heat and mass transfer
and the viscous flow process. The medium was primordially
isotropic. The transfer of electrical charges was not studied.
The dependences over the velocity interval 0 — v were
obtained. The left and right sides of the dependences
transform identically under the Lorentz transformations. The
kinetic coefficients therein should be tensors of rank 2. The
above results are correct for the case represented in Fig.1, i.e.,
for

X:: x']
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Figure 1. X, X,, X5 and Xll, le, X5 are reference frames at rest and
moving with a velocity v respectively; I,” and I, (0=1,2,3) are electrical
charge and heat fluxes through a unit surface.

Before E.V.Veitsman, some results were obtained by
C.Eckart [2] and L.D.Landau with E.M.Lifshitz [3] for the
heat and mass transfer in the system represented in Fig.1 as
well. Eckart also obtained in [2] a dependence for electrical
charge transfer as follows:

J“:pu“—O'F“ﬁuﬂ , (1)
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where J“ is the current density (C - m? - s); 0 is the

conductivity [A-V"- m (SI); s (Gaussian system)]; F %
is the electromagnetic field tensor; E ,E E_ are the
tensor components of the electrical field intensity (V - m™;
g - em™? - s, B,,B, B_ are the tensor components of

the magnetic field intensity (A - m™; g"?- cm™?-s™); pisa
charge density (C-cm™); u”,u p are the contravariant and

covariant dimensional velocities. Evidently, E* = F* u,
and expression (1) are incorrect for a primordially
anisotropic medium where o is the tensor of rank 2, i.e., O -

In fact for this case J, :J( ’GEx’O-Ey’GEz) if,

according to Eckart, the medium in the object is isotropic. In
our opinion, the medium will not always be isotropic in the
moving object for the observer being in the laboratory

reference frame. Then the quantity ¢ can be a tensor of rank 2.

As we shall see below, the situation will be more complex for
a primordially anisotropic medium.

The correctness of the expressions (1) is very doubtful.
Indeed, first, will their left-hand-side and right-hand-side
transform identically under relativistic conditions? Second,

the dimension of J o 1s differs from the dimension of the

first term on the right-hand-side (1) unless pu“ multiplied

by “c”. At last, for an observer being in the laboratory
reference frame the conductivity ¢ must be a tensor of rank 2

like the heat transition coefficient Dy) see [1]).

The heat transfer is represented by Eckart as

g* =ks|(d6/ax” )+ opu,| . @

S? =g +uu”, (3a)

where g“ is the heat flux (J - cm™+ s™); k is the heat transfer
coefficient (J - cm™ - grad™); gaﬂ is the contravariant
fundamental tensor; D Gu B is a relativistic component; it has

no classical analogy; it “implies as isothermal flow of heat in
accelerated matter, in the direction opposite to the
acceleration. It is ordinarily small and may be explained as
due to the inertial of energy”[2]. The coefficient & is a scalar.

At last, following Richard Tolman, K.Eckart considers

that 7° =80, (6/ 0,) =const, i.., the temperature is a

relativistic invariant, which is also incorrect.
L.D.Landau and E.M.Lifshitz obtained the following
expression for the heat transfer in Euclidean space under

relativistic conditions:

q= —K(VT—Zij, 4)
w

where g is the vector of the heat flux (J - cm™- s™"); w is a heat
function (J - em™); p is the pressure; « is the heat transfer
coefficient (J - cm™- s+ grad™).

According to Landau and Lifshitz, the second term on the
right side of (4) is of purely relativistic nature, like the
second term on the right side of (3). Like this term, it is also
very small in magnitude as compared with the first one on
the right side of (3) taking into considerationthat w = e+ p;

e=mc”. The temperature 7 is independent of the system
velocity for the observer being in the laboratory reference
frame. The coefficient « is a scalar quantity, i.e., according to
the authors [3], the medium in the system is isotropic for the
above observer. However, it is incorrect (see [1]). Besides,
the left and right sides of (4) will transform differently
under relativistic conditions.

In [1] E.V.Veitsman obtains, in turn, an expression for the

heat transfer [ l(xq) (J - cm™ s7) in Euclidean space under

relativistic conditions for the observer being in the laboratory
reference frame:

oq
(9) _ (9)
1, ==D,j o, D=0, axp, 5)

where ¢ is the heat density at the point x 5 (J - em™); D(%) is

the so-called thermal diffusion coefficient (cm2 - s-1).

Expression (5) is correct in case the medium in our system
is primordially isotropic. At last, the left and right sides of (5)
transform identically under relativistic ~ conditions.
However, will expression (5) be correct if the medium
primordially anisotropic? In this case, the heat transfer
process should be described in such a way:

dq
@ _ _n@
1,7 ==Dey ar,’ ()

i.e., the coefficient D(%) in (6) may be non-zero for crystals

if 0B [4].

If in (5) and (6) we replace quantity q by p, then we shall
obtain an expression for the electron diffusion. It will be
correct under relativistic conditions if the medium is
primordially isotropic. Will it be correct if the media is
primordially anisotropic?

Analogous picture may take place for charge transfer
when the coefficient O could be as tensor of rank 2, i.e.,

Oup 7 0, if ap. In this case the expression for the density

12 12,

current . (g'” - cm s?) will have such a form in

a
Euclidean space for the observer being in the laboratory
reference frame:

ja = GaﬂGﬂ > a,ﬁ = 192)3: (7)
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where O s is the conductivity tensor, Gﬂ is the electrical
intensity.

Dependence (7) is Lorentz invariant in 3D-space when
medium in the system is primordially isotropic: the left and
right sides of (7) transform identically as v—c; c is the speed

of light. Namely, the dimensions of the quantities j , , O 5

and Gﬁ are C » em?- s'l, C-em™ V' -s'and V-cem'.

C£C(v), t=t,/\1-B> , [=11-B> in the
international system of units. As to the dimension of the
quantity V, it is not here taken into account since a voltage
disappears from the right side of (7) due to its reduction. Will
(7) be correct if the medium is primordially anisotropic?

If we take current intensity / (A = C - s™') instead its
density j, , then Ohm’s law will take the following form for

an isotropic body [4]:
I=—=0U, (8)

Where U is the electric potential difference (V): R is the
electrical resistance (V/A).

Formula (8) will be correct if the quantity U is not very
large. As seen, the left and right sides of (8) will transform
identically as ¥V = C-

At last, we must concern H.Ott’s famous work [5]. He
studied, in particular, the processes of electrical charge
transfer under relativistic conditions as well. The medium is
isotropic, therefore Ott represents the processes of charge
transfer and Joule heat as

Jj, =0k, 9)

q:-i.E= ijx+ijy+szz > (10)
where j_ is the current density [C em™? s (SD); gm' cm

2, -2,

s (Gaussian Units)]; E is the electric intensity (g cm

s-2); o is the specific electrical conductivity (s-1); 9 is the
quantity of heat which is allocating in unit of volume of the
conductor per unit of time when the conductor carries a
current

(J-em? - s,

H.Ott shows, in particular, that the temperature T in the
system varies under relativistic conditions for the observer
in the reference frame as

2
T=T,/\1-8", an
hereinafter the subscript “0” denotes a quantity in the

reference frame at rest.
Meanwhile, Max

=T, l—ﬂz (see, e.g., [6]). Here we should note as

well that in the courses of relativistic electrodynamics the
problem of the temperature transformation under relativistic
conditions is not studied (see, e.g., [7]). In turn,

Planck considered that

E.V.Veitsman, studying the transformation of some physical
parameters under relativistic conditions, comes, in particular,
to a conclusion that the temperature must transform
according to relation (11) [8 — 11].

As seen, Eckart, Landau with Lifshitz and Ott study
systems, considering that medium therein is isotropic for
the observer from the laboratory reference frame. The
researchers are sure that the dependences they obtained are
correct under relativistic conditions. Finally, they did not
study objects in the medium being primordially anisotropic.
Therefore we can now formulate the main goal of this work.
First, will the relation (6) be correct for the observer in the
laboratory reference frame (3-D formalism)? Second, we
contemplate obtaining an expression for the heat transfer in
Minkowski space (4-D formalism). The third, we consider
obtaining expressions for the electric charge transfer in
Euclidean and Minkowski spaces including relations of the
type (7) as well. At last, summing up all results obtained, we
contemplate to show that the temperature must transform
under relativistic conditions according to H.Ott and only
according to him.

2. Electric Charge Transfer

Convection charge transfer
First, analyze the well-known relation for the convection
of the electrical charges

J =pu”, a«a=0,1,2,3, (12)

where u“ is the 4-velocity. Show that (12) is incorrect under
the relativistic conditions, since their left and right sides do
not transform identically. Indeed, the left side of (12) is

Lorentz’ invariant if, e.g., u*" s parallel to X (see Fig.1),
but the right side of (12) varies in inverse proportion to

\J1= 3> . We shall show it below.

In Euclidean space the expression for charge convection

(13)

1s incorrect under relativistic conditions as well, since its left

side transforms proportionally to 4/1— /8 2 if, e.g., v is
parallel to Xy, but its right side varies in inverse proportion

to 4/1-/ ® for the observer in the laboratory reference

frame, since the velocity v is independent of 4/1— /3 >,

In Minkowski space J*~' contains 3 quantitics: an

J=pv,

electric charge Q[C], an element of area A S[cm” ] and time.
OQ#0(v), t=t,//1- 7 ; AS=AS,if the velocity
1
Jo
JI-p 2

Calculating the quantity J*~', the observer at rest in the

v is parallel to the axis X;. Besides, J*=' ~
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laboratory reference frame should find experimentally the
above three quantities. Finally we have

Ja:I — J(z)le ,
Q J(Z=1

since J* '~ ——=
ast1-p2

Now study the right-hand-side of (12). Rewrite (12) as
J=J(pu,icp), (15)

where c is the speed of light, u is the spatial component of the
4-velocity vector.
For u we have [6]

uA1- A +v{(“2v)( 1- B —1)+1}
C
e 1+U7YV ,
C2

(14

u=

(16)

where v is the velocity vector of the moving reference frame
Xrelative to the reference one X

We have if u = ur ||v [6]:

, u.y
u, =@, +v,)/(1+ ;f), (17)
andif u=u,, 1 v , we have, in turn,
u (AJ1-p7
”y(z)=—y(z) ; i ; (18)
u.vy
I+—==
2

where u_is the projection 4-velocity # onto the axis X,

u; is the projection 4-velocity u "onto the axis X, , ie., the
projection of the velocity in the moving reference frame.

As seen, the law of velocity composition in Euclidean
space does not differ from a similar law in Minkowski space.

Since the volume J/ = I/()1/1_ﬂ2, we have, e.g., for

the right-hand-side of (12) and (15) for ,, —1-

1
R

If u L v ,the product puy3) is Lorentz invariant like the
left-hand side of (12) and (15). Thus expressions (12) and
(15) are meaningless.

Consequently, the correct expressions for the convection
transfer of electric charges are essentially differ from
expressions (12) and (15). Find them.

Suppose that the term in right-hand-side of (13) contains a
factor. It is a dimensionless tensor of rank 2. Find it using the
methods represented in [2] by C. Eckart.

We write down this factor in the form

(19)

_ Ala Alﬁ

S =
P As As

. a,f=123, (20)

where Ala( p) are the vectors (cm) oriented in space; s is the

invariant interval; Al = Al 41— B, if I is parallel
to v. If it is perpendicular to v, Al = AI(O)_. Then (13) we

can write as

Ja S“ﬁpvﬁ, Sap _O’if a=f. (@1

Now the right-hand-side of (13) and (15) will transform
like their left-hand-side under the relativistic conditions.
Consequently, the expression (21) is a fundamentally new
expression for the electrical charge convection under
relativistic conditions.

The charge transfer by electrical conductivity. 3-D
formalism

Take formula (7). Is
conditions?

Let a system be represented in Fig.l. There is an
electro-conducting medium in the object under study. The
medium is primordially isotropic. There is only an
electrostatic force in it, i.e., here and below a magnetic field
is absent. We can write down the law (7) in Euclidean space
under relativistic conditions as

it correct under relativistic

Ji =06 +0,G, + 0,65 (22a)
Jo =056, +0,G, + 0365, (22b)
J; = 03,G, +0,,G, + 04,G;. (22¢)

Are equations (22) correct under these conditions for the
observer in the laboratory reference frame?
To answer this question we should answer a question

connected with the tensor 0 5 .

In Gaussian system of units the tensor has a dimension
[s-1]. However the quantity 1/s is a scalar but we can
represent it as a tensor of rank 2 with the help of Kronecker’s
object 3,5 . Then we have:

Oup =000 . (23)
where
I 00
S,,=/0 1 0}, (24)
0 0 1

. . (e}
O is the absolute value of the quantity ~ % .

o,=0. :
Then ~ if 47 B The above relations (22) are
correct under relativistic conditions, since their left- and
right sides transform identically. Show it.
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The left side of (22a) varies in proportion with /1 — £ :
since Q#Q(v), t=t,/\J1-p>; AS=AS, (see

above). The right side varies similarly, since the component
of the electric intensity £ # E_ (V) The left sides of (22b)
and (22c) are independent of the velocity v, since now the

element of area is parallel to the above vectorand AS=AS,

1- ﬁz . The right sides of (22b) and (22c) are

independent of v as well, since

proportion to /1 — % .

If the medium in the system is primordially anisotropic,
then equations (22) can become incorrect, since now, there in

general, o, # 0if o # . Will relations (22) be correct

) L
and E_vary in inverse

under relativistic conditions taking into consideration that
now we cannot use, e.g., fundamental tensor 8up ? They will,

B

a

if we use the tensor s’ ,1i.e., O'f =S 5 O (an affine tensor).

We can write down:

sl1 sl'2 s13
ol =|s; s; s |lo=slc, (25)
s31 sf S5
1 2 3
Ll Ll Ll
o=\l L L | (26)
1 2 3
L3 L3 L3
wheresf are
A AL
S/(;t = _ﬂ, aaﬂ 2152935 (27)
As As

Al“ and Al'ﬂ are the covariant and contravariant charge

paths.
Then relations (22) can be written down in Euclidean
space as

j = LG + G, + LG, , (28a)
j, = LG + LG, + LG, (28b)
Jj, = LG, + L:G, + G, (28c¢)

Analyze formulae (28). First, analyze (28a). The quantity

J, ~+/1= B under relativistic conditions, the products
LIIG1 , Lsz,L?G3 transforms like j, if Sl'1 # Sil (v) ,
L' ~J1-p> G #G(v), ¥ ~1-p* , and
Gy ~ 1/41- B2

Now analyze (28b) and (28c). The quantities J20J3 g

Lorentz invariants as well as the products L32 G, and L§ G,.

In turn, the products le G, ,Ll3 G, are Lorentz invariants if
le) vary in proportion to 1/ 4/1— IB 2 The terms

LG, [’G . ) .
273>7"3" 2 are Lorentz invariants as well. Then relations
(28) are correct.

Here Lg cannot equals to L‘; , l.e., the reciprocity

principle cannot be valid under relativistic conditions.

The expressions (22) and (28) are fundamentally new
relations for the electrical charge conductivity in Euclidean
space under relativistic when the medium of the system
under study is primordially anisotropic.

Joule Heat under relativistic conditions

Will (10) be correct under relativistic conditions
(Euclidean space)?

Analyze the formula.

Its left-hand-side varies in inverse proportion to

1ll_ﬁz , since heat O =Q, /41— (i.e., according to
HOW), V=V 1-5* ., t=t/J1-p> ; the
right-hand-side of (10) varies like its left-hand-side. Indeed,
the charge O # Q(v), AS=AS0 if the vector v | AS
and this quantity varies in proportion to ,/1 — ,32 if v || AS;
at last, E

X

quantities E ~1/41- B

is independent of /1-p3? , however, the

If the heat 0 would depend on v according to M.Planck,

then the relation (10) were incorrect under relativistic
conditions.

The charge transfer by electrical conductivity. 4-D
formalism

Now study the process of electrical conductivity in the
4-formalism. For this case we can write down, taking into
consideration, that the process is stationary one, and

0
therefore £, = 0, since a—p = (. Then we have, e.g., for
t
Jll

J*=NPE,, (29),

where J“ is the contravariant 4-current density, A s the
contravariant 4-tensor of conductivity; £ p, is the covariant

4-electrical intensity (affine tensors). In fact, (29) is the
formula of charge diffusion due to an external force affecting
them [4].

Define the quantities J“and A% .



52 Some Problems of Relativistic Thermodynamics Allowing for Primordial Substance Anisotropy

, a=0,123; (30)

where Q(¢) is the number of charges passing through an

area element AS(«) inthe directions & per unit of time;

n” are the components of the dimensionless 4-vector n
perpendicular to the area elements AS(«) , i.e., the latter is
perpendicular to the direction a.

1
n

1 0 2

nt~—9 4

Ji-p’

In turn, we have for A

ap
A? =on | AS(a) = cAI*Al* | AS(a), (32)

2 .3 _ 3
—l’l(o),l’l —I’l(o).

€2))

ap

where n is the contravariant 4-tensor of order 2;

AI“?)is the charge path (cm).
We can write down (29) as

J'=ANE,+ N"E, + A”E, + A’E, =0,  (33a)
J'=N°E,+ N"E, + A°E, + \"E, , (33b)
J?=N"E,+ N'E,+ N°E, + N°E,, (33c)

J* = AYE, + N'E, + A°E, + A"E,,
(33d)
A02
AIZ
A20 A2l A22
A30 A31 A32
A 0 0 0
All AIZ A13
A21 A22 A23
A3l A32 A33

A()l
Al 1

AO()

Aaﬂ B Al 0

We have finally
J'=AN'E + A°E, + A°E, , (34a)

J?=N'E + N°E, + N°E,, (34b)

J'=N'E,+ N°E, + N°E,, (34c)

A? = N are Onsager’s phenomenological coefficients

[4].

Analyze formulae (34). First, analyze (34a).
The left-hand-side of (34a) is Lorentz invariant. Indeed,

(~1/1-p*, AS(a=1)=AS, (a=1), 0=0(Vv)
(see (30) and (31)). In turn, all terms of the right-hand-sides
of (34a) are also Lorentz invariants, since

nll - (l_ﬂl)fl;nlz(n) :n21(31) - 1/ [1_ﬂ2 (See (32))

and

12,3) _
E1 - El(O) 1_ﬂ2;E2(3) — Eg();); E1(2’3)E( =1, (35)

Now analyze (34b) and (34c).
Their left-hand- and right-hand-sides are Lorentz’s
invariants as well, since

AS(a=23)=AS (= 231~ B° ;

22

2,033 23
N> =ng)sn

33
=N N

R < T )
0t =M =My =Ty

Finally, solving the problem, we may use, instead of the
expression (29), the following dependence:

J, =AE°. (36)

We shall use this expression below. Here we should also
note the following. J, #.J, and j, # j,, however,
E? =E°;G’ =G’ and E; =E;;G, =G, since the
electrical intensities are pure vectors but the quantities .J, j
and A, L are not the pure ones. For example, A is the
tensor 7’ multiplied by scalars U[t _l] and 1/AS(a). In
turn, J“is the vector obtained by tensor multiplication of
the tensor A% and the vector E 5 with the consequent

contracture on the indices S.
Now find a connection between the electrical intensity

E’ E 5 in Minkowski space and the electrical ones

G’ ,Gﬁ in Euclidean space where the medium is

primordially isotropic. First, represent, for this purpose,
expressions (7), (29) and (36) as

j,=L,G’=0g,G’G, =g,G°, (37)
JO=LGy =0 G G =g "Gy (39)
J,=AsE° =0og ;EE, =g E°, (39
J*=N"E,=0g”E;E* =g”"E,,  (40)

o
where g,4,8 @ 18,58 ’° are the fundamental tensors;

a(y) _ ;a(y) . —
JU = s o) = Jagy »and

Qa)

“ = As@y " 12
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n; (41b)

2, _ . _
ny~ Ryl — B in, = Moys s = Mgz (42)

see (30) — (31).
Now we can write down, taking into consideration (37) —
(40):

(0) \/l ﬂ E'= \/1

q

, (43)
J' =i ~1-B7G'C= l_pﬂGéW
and if J = j“, then
1
P-4 (44)

Vi-p

Jy =J(0>1(l_ﬁz)~\/1_ﬁzE1 =\/1—ﬁ2E(0ﬂ\/1—ﬁ2

o Ji-p°
J1 = Joon NTG :(l_ﬁz)G(o)lr
(45)
andif J, = j ,then
E
G = ! (46)

J1-p°
where C=1/4/1— 8% is the constant quantity involved in
(44) and (46) according Curie-Veitsman’s generalized
principle [8, 9].

Further we have:

J2 =J(0)2 - ll_ﬂZE(O)Z_

. G(0)2 , (@47
] (0)2 / G2(3) /
andif J% = j%, then
23)
G (48)
J1-5°
J,=J ., ~y1=B*E .;
2 (0)2 B (0)2 (49)

J2=Jon N‘Vl_ﬂsz :(l_ﬂZ)G(onCza

where C=1/4/1— f3? (see above), and if J,=J,,then

E - . (50)

2 W’

the similar result we have for £, G3 :

G,
-5

There are the following dependences in SR (Euclidean
vectors)[7]:

E, = 1)

Ea = Laa = 192537 (52)
1- ﬂz
G = £, a=123; (53)

formula (52) is correct for an observer at rest in the
laboratory reference frame; formula (53) is correct for an
observer in a reference frame, moving with the velocity v,
relative to the laboratory reference frame. Formulae (44),
(50), (51) and (46), (48) are in full accordance with SR.

The expressions (29), (34) and (36) are fundamentally
new relations for the electrical charge conductivity in
Minkowski space under relativistic conditions when the
medium of the system under study is primordially
anisotropic.

3. Heat Transfer

We have concerned above the problem of heat transfer
under relativistic conditions in Euclidean space for the
medium being primordially isotropic [1]. Now we shall
examine the heat transfer in Euclidean and Minkowski
spaces under relativistic conditions when the medium is
primordially anisotropic. For the heat transfer in Euclidean
space we can write down [1,4]:

) 0q ) 0 dq
11(2) = D11 D12 Dl(3)

54
ox, Ox, ox, (542)
0 0 0
1= =D)L= LD L (s
X, ox, Ox,
0 0
- A1 R
X, ox, Ox,

for Dl;l) (cm® - ™) (the heat conductivity coefficient) which

may be non-zero if i#].

In this case the terms on the left- and right-hand-sides of
equations (54) transform identically under relativistic
conditions since, the cross diffusion coefficients are tensors,
their linear components (c) are perpendicular to one another.

It means that, heat gradient generates

e.g.,
Xy
simultaneously heat fluxes in two directions relative to the
coordinate axes.
Take, e.g., crystals of trigonal (dolomite, sodium periodate)

and tetragonal (scheelite) systems. The tensors of the heat
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transfer coefficients for these systems take the form [4]

D, D, 0
-D, D, 0 (55)
0 0 D,
The experiments showed that D, = D, =—D,, =0.
There are, in turn, the following tensor coefficients D&
;
for the triclinic and monoclinic crystal systems
D, D, D,
D, D, D,| (56a)
Dy, Dy, Dy
D, D, O
D, D, 0 |, (56b)
0 0 D,

The coefficients Dijw may be non-zero if j # j.

Will the relations (54) be correct under Lorentz
transformations? They will, since their left- and
right-hand-sides transform identically under relativistic
conditions. Here we take into consideration that

0=0,\1-F q=a,/0-p"). 1=, i-§"_
§=5, So

if wvector v is perpendicular to ,

S =8,1-

if one side of an element of the area is
parallel to v, V =V ,/1- %, DI(Il) :Délﬂl) (1—,82)3 ’
DY = DEN1-7 . DY = DEL1-p7 |

Dl(;) = Dgf) = D(()fz)ul)(l - ,Bz)

Dl(;) = D3(f) = D(()f3)(31)(1 - IBZ )’

Dg) = Dz(;) = D(();z)(sz)\l 1- ﬂz '

It should also be. Relations (54) will incorrect if the
conditon T =T, //1-B% is

not satisfied, since

incidentally the above condition Q = Q, /+/1— > and

the condition § = S (here S is the entropy) are violated as

well.
In Minkowski space we can write down for the heat
transfer under relativistic conditions using affine tensors:

]0{1 __Daﬂ aq

~ (A)ax_ﬂa a,f=0,123,

(57

For a stationary process, as 0g/0x" =0, we have

oq oq oq
1 _ 11 12 13
Iy =Dy, ol =D Py D, Pl (57a)
oq oq oq
2 21 22 23
15y ==Dg, e - Dy, o Pags o (57b)
oq oq oq
3 31 32 33
1) = =D, g‘Dw P - Dy, P (57¢)

where / &) is the heat flux vector; D(gf) is the heat flux
coefficient - contravariant tensor of rank 2.
The vector [ (0;) contains scalar and vector parts. The

scalar one includes heat Q(J), time t(s) and an area element
AS(o;cm?2) oriented in space, i.e., O/t AS(a). The vector part
i%is a contravariant dimensionless unit-vector (under normal
conditions i g ); it is perpendicular to the corresponding area

element AS(a). Then

1) =101 AS(0)]i%, (58)
(=i & /\[1- B . (59)
if @ =1,and
=g, (60)
ifaa =2,3.

Then [ &)Varies in inverse proportion to /1 — ,32 .
The coefficients D("f;
tensor ones. The scalar part includes time t and linear sizes
Al (a) and Al( ﬂ) oriented in the directions

a,B=123. Al=Al1-p5°,
Al = Al

also contain two parts: scalar and

it Al |v and

, if Al 1 v. The tensor part Al“,Alﬁ is the

contravariant vectors. If AJ%P ||V, then AJ%P ~
a(p)
Al

J1-p?

then AJ*= \jap)
“p,

3 AP 1w,

The gradients of the quantity ¢ also contain two parts: the
scalar and vector ones. The scalar part is a derivative of ¢

p as Axﬂ—>0.q=%

with respect to x”, i.e. lim

AP
(J - cm™). The vector part in the right-hand-side of (57) is a

covariant vector ig. If'ig || Vv,
then

(61)

i~iopA/1— 7

i5=iop

Ifig L v, then
(62)
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Contracting the indices f in the right-hand-side of (57), we
bring up that all terms vary in inverse proportion to

N ﬁz , 1.e., the solutions (57) are correct.

The expressions (54) and (37) are fundamentally new
relations for the heat transfer in Euclidean and Minkowski
spaces under relativistic conditions when the medium of the
system under study is primordially anisotropic.

4. Special Case of Conductivity (4-D
Formalism)

Here we concern a special case of conductivity in
Minkowski space for an anisotropic and dense medium,
incidentally, its refractory index n#1. Then it is possible for

(_lm)

c . . iy
electrons v> —, moving with velocities where 5

n C
is an imaginary number, i.e. Cherenkov’s case takes place.
However, the dependences (34) are correct under these
conditions, since all imaginary units cancel in terms of
relations (34) mutually. Take, e.g., the quantity

o Q)

a
=——-+n"a=1

AS(a) ° 7

(see the relations (30) above). It is a real number, since n®"!
2
o . (vn)

and ¢ vary in inverse proportion to 4|1 — ——— under these

c

conditions.

5. Discussion

As shown in Introduction, the well-known dependences
for charge and heat transfer, i.e., formulae (10), (3) and (14),
are incorrect under relativistic conditions so as, first, their
left- and right-hand-sides do not transform identically in the
case under study; second, the kinetic coefficients in the
formulae are scalars under the Lorentz transformations; third,
the temperature does not transform under the Lorentz ones. It
is independent of the velocity of the moving object. The
formulae (10), (21), (28) and (29) obtained by us are fully
correct under relativistic conditions. As v — ¢, their left-
and right-hand-sides transform identically and kinetic
coefficients in the formulae are tensors of rank 2. The
medium in the object can be primordially isotropic and
anisotropic. As to the temperature, so it is present in a
implicit form in the relation (10), (54), (57) and (58) and
transforms there according to H.Ott. Today the
transformation of the temperature under relativistic
condition is the key problem of relativistic thermodynamics.

Having obtained the above results, we can now make
important conclusions concerning relativistic
thermodynamics as a whole. First of all, they concern a
relativistic temperature 7. Taking into consideration the

above results and results obtained in [1, 5, 8, 9 - 17], we can
now contend with a high degree of probability: only the

dependence of the kind T ~1/4/1— % provides a

possibility of obtaining a consistent relativistic
thermodynamics, which is correct over the entire interval 0 —
¢ of the motion velocities of the object under study. As a
proof of this argument we represent all fundamental
thermodynamical parameters and dependences (as already
known and obtained recently) containing them. There is the
temperature in these parameters and dependences. It varies

in inverse proportion to /1 — f 2

1.The average value of kinetic energy of the molecule (atom)
translational motion:

=T
2

Evidently, the dependence (63) is correct over the entire
interval of object motion velocities if the temperature varies

in inverse proportion to /1 — f 2,

2. The equation of state of perfect gases [1, 11]:

(63)

(64)

naturally, for the observer in the laboratory reference frame;
the pressure p is Lorentz invariant; the volume of gas

V=Vl1-p°.

3. The equations of state for the interface separating a pure
liquid and its vapours [1, 11].

The equations are valid over ire interval 0 — v of the
object velocities if 7 =T, /4/1-f % . besides, the surface
tension is Lorentz invariant like the pressure,

4. The thermodynamic potentials (internal energy, enthalpy,
free energy, free enthalpy) including their specific (J/em?)
values [14]

Dependences obtained are correct on the entire velocity

interval 0—v if T =T, /+/1— f3° ; the dependences are not

contradictory and absurdity. A similar result is obtained for
the chemical potential (including its specific values), i.e.,

1 ~1/41- B [13,15].

5. Small fluctuations of volume, microparticles, temperature
[12].

The dependences obtained are valid for intervals of object
velocities where fluctuations are small. If the temperature in
the formulae obtained varies in inverse proportion to

N ﬂz , we do not come to any contradictions or

absurdity.
6. Stefan-Boltzmann’s law under relativistic conditions
[16, 17].
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In[16, 17] Veitsman obtained dependences connecting the
black-body radiation and the absolute temperature under
relativistic conditions. The dependences can be correct if

onlyT =T, /{[1- B> .

7. The theory of the charge transfer according to H.Ott [5].

The theory is correct under relativistic conditions if only
the object temperature varies in inverse proportion to

1-p 2 (see above).

8. A closed thermodynamical cycle and the well-known
thermodynamical principles as follows

foE=0,
ss=§29 o,
fos=§=

are correctif 7 =T,/ 1- % [5,12].

9. The radiation energy and momentum vary in the range 0 —
¢ inverse proportional to ,/1— ﬂ2 ,i.e,as T = T, /1- ﬂz

[5].
10. Chemical reaction rates w, e.g.,
w=LM =ad, = (aRT)i =a 4,
v, dt RT

vary over the interval 0 — ¢ inverse proportional to W ,

ie,as T=T,/41- 3 [13]. Here V, is the stoichiometric

coefficients of the substance A; 4, is the affinity according to
De Donde; a is a phenomenological coefficient.

We cannot obtain a consistent aggregate of the
thermodynamic parameters and dependences containing the

parameters under Lorentz transformation if 7' =7 and

T=T1- . As to the theories where the latter

temperature transformations are used for a specific process,
and contradictions are absent at first sight, so we again come
to absurdity but in a implicit form. For example, Clapeyron’s
equation pV = NkT is quite formally correct under

relativistic conditions even if the gas temperature varies
according to Planck, however at the same time formula (63)
describing the energy of the molecule (atom) translational
moving is correct under the relativistic conditions if the
temperature of the object transforms only following Ott’s
theory. The other variants are absent here. However this
dependence and Clapeyron’s equation treat the same division
of physics — thermodynamics of gases and vapours. But if in
the framework of this division of physics the temperature of
the system may transform under relativistic conditions
otherwise, then it is nonsense.

6. Conclusions

1. The relations were obtained for the electrical charge
transfer under relativistic conditions when the processes
were close to equilibrium; the following processes were
studied:

a. electrical charge convection (Eq.(21));

b. charge transfer by electrical conductivity allowing for
primordial substance anisotropy (3-D and 4-D formalism;
Eqgs (22) and (27));

c. the above relations (22) and (27) are correct for the case
when the velocity of electrons in the medium under study can
be more than the velocity of light (the Cherenkov case).

2. The relations were obtained (Egs. (54) and (57)) for the
heat transfer under relativistic conditions (3-D and 4-D
formalism) when the process was close to equilibrium and
the medium primordially anisotropic.

3. It was shown that the temperature under relativistic
conditions had to transform according to H.Ott exclusively,

ie,T=T,/1- 5.
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