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Introduction

Relativistic thermodynamics was created more than century ago-in
1907 when von Mosengeil’s article was published.! He was Planck’s
disciple. According to von Mosengeil and Planck’s conclusions, the
te re T of the system under study has to vary proportionally to
\V1- ﬂ2 under relativistic conditions and at an adiabatic acceleration
B =v/c;vis the velocity of the system in the reference frame at
rest; ¢ is the speed of light. Einstein came to a similar conclusion.?

While studying the first principle of thermodynamics under
relativistic conditions, nobody in the 20" century took into
consideration a surface tension; meanwhile this thermodynamic
parameter is as important as the pressure p. Both Planck with his
disciple and Einstein wrote down the first principle of thermodynamics
under relativistic conditions neglecting the surface tension as well.
Besides, both of the great scientists made an error integrating Gibbs’
equation; we shall show it below, in section 2.

Veitsman EV?3 was the first researcher who understood an
importance of the surface tension for relativistic thermodynamics. He
showed that the surface tension is a Lorentz invariant,’ at any rate up
to a velocity v, . He also showed that the interface equations of state
were correct under relativistic conditions providing the te re
of system under study varied in inverse proportion to :/1 - ,BZ A
Veitsman® also obtained expressions for specific thermodynamic
functions (J-cm™) under relativistic conditions (the internal energy
U, the enthalpy H, the free energy F, and free enthalpy G). These
functions are correct if 7~ 1 /4/1- ﬁz_ Thus, the results obtained by
Veitsman are in a full accordance with the result obtained by Ott® for
the relativistic temperature 7', i.e., T =T, /\1- 4" ; (here and below the
symbol “0” denotes that this quantity is at rest). All above results are
completely correct for an adiabatic acceleration of the system.

Callen & Horwitz’ consider that the temperature 7, in general, is

dU =dQ+dA, ()

dA = -pdV + v-dG > )

Where Q is the heat supplied to the system or removed from it (J);
A the work done by the system or with it (J).

Under relativistic conditions the work A4 is written down by M.
Planck as

dA = —pdV + v-dG | 3)
U, +p,V. 4)
Gov o P, (
¢’ N1- ﬂz
Where V is the vector of the system velocity; G the momentum,
the symbol “-” means vector multiplication.'
G and .
i
(), )

Form the four-dimensional vector (4-vector) of energy-momentum,
which has an invariant length equal to

i
(v, +p¥,) - (©)
c

i is the imaginary unit.

Evidently, we can write down the first principle of thermodynamics
in view of the surface tension (normal case) as

du, =dQ, - p,dV, + o,dw,, @)
Where @ is the element of area (cm?).

Then the relations (3) and (4) are written down as
dA =-pdV + odw + v-dG
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a relativistic invariant. Finally, Eckart® comes to a conclusion that , ®)
temperature & = const6), . We will show below in section 3, that this G U, +p,V, — 0,0,
. .. =V—————— 9
assumption is incorrect. N 7 ©)
M. Planck writes down the first principle of thermodynamics Consequently, the relations (5) and (6) should have the form
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i(UerV—O'a)), (10)
c
é(U0+p0Vo _O'owo) (11)

Here we have to note that the quantity @ will transform as
V — C indifferent ways: depending on the orientation of the surface
in space®’ and Figures 1 & 2. Attempting to obtain the transformation
law of the temperature as v — ¢ , M.Planck used dependences (3) and
(4) but not (10) and (11). Other researchers did the same taking no
account of a surface tension, therefore the results obtained by them
were incorrect. Thus, the main goals of this paper are:

a) Obtaining the first principle of thermodynamics under relativistic
conditions in 3-D and 4-D versions taking into consideration the
surface tension.

b) Obtaining the temperature transformation under these conditions
from the above mentioned principle at the adiabatic and non-
adiabatic acceleration.

Solving the problem: 3-D case

Write down the first principle of thermodynamics (normal
conditions; Euclidean case) in view of the surface tension as

dQ=dU +dE,, +p,dV - ocdo—dA,, —v-dG (12)

Where E,, is the macro kinetic energy of the object under study;
A, the work done against the system acceleration up to a velocity
v<<c; E, =4, . The momentum G is taken here according to
).

We will adiabatically accelerate the object up to a relativistic
velocity v now and will integrate (12) term by term from state 1 of
the system to state 2 for the case represented in Figure 1 taking into
account (8), (9) and the equalities p = p,,0 = 0, @ = @ ; it also should
be noted that here and below we study not a whole object but only its
part (a subsystem):

Figure | The moving flat interface; the velocity v of its motion is perpendicular
to the flat one. AL is the thickness of the surface.
2 2 2 2 2
[dQ =[dU +p,[dV - o,]dw - [vdG, (13)
1 1 1 1 1

2 dv
Q, (V)= Qoyr = U, = Upgys + PV = PoViop _{Via{uo + PV, _00”)0} ) (14)

Now we take the integral in (14).
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f v {Uy + PV, — 04, } = {U, + PV, ~ }f @»___
1V7 0 T Po% ~ %% § = Yo T Po¥o ~ 9@ IﬂW*
“AWE (15)

According to M. Planck,?

U= (U, + Fp ) (16)
J1-p5°
In view of the surface tension we have:
Uy + Bty g0, (V17 1)
. s (17)

Then taking into consideration (16), we can write down (14) as

1
Q) - Qpy :ﬁ{uo + B pV, + oy0,(1- 71)} —U, +pVN1-5 -
. (18)

1
—Po¥y ~ {Uo +pY ’Jowo}[ﬁ - 1}

If we do not input the heat in an accelerated system from its
source, then the left side of (18) equals zero, and we cannot obtain
any dependences of the kind T = T%v ; at first sight the dependence
(18) does not contain the temperature. However, this relationship
contains it-in a latent form. Show it. Let an object be, e.g., the liquid
moving with a relativistic velocity v. For the observer being at rest in
a laboratory reference frame the temperature of this liquid depends on
the cooperative velocity v of the microparticles in the object relative to
its centre of mass. Then the velocity components of the total velocity
w of a certain microparticle in the moving liquid equal:'’

w, +v

e -, (19a)
VW1
1+—~
c
2
wA\1-4
w, =—2—— (19b)
VMH
1+——
C
1- 2
w=VF (19¢)
1+—L

Where w;(i:1,2,3) are the velocity components of the
microparticle in the moving reference frame.

Taking into consideration the dependences (19), it is easy to
understand that the heat in the moving system increases asv — ¢,
since the cooperative velocity of the microparticles increases in the
system moving relative to its mass centre. If the heat increases, so does
the temperature. However, S =S in our case, this means dQ = SdT ,
and (18) takes the form

2 1
Qz(v)fo[u)l:JSdT:{Uu+puVl,fo'uw"} 17ﬂ271 -

z z
Vi-p —1)}—U0+p0VB 1-4° = pyV,

- (20)

1 2
= > {UB +BpVy + a‘,wo(
;1-5
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i.e., the integral in (20) gives an increment of enthalpy at the
adiabatic acceleration of the system from velocity v=0 up to a velocity
v for the observer being in the laboratory reference frame.

Equation (20) is completely consistent; it is correct in nge
of velocities 0—v forg, (V)=7°2. As aresult,T=T, /41 -4, in
accordance to Ott.° If it were\/(g =Q,\1- *, we would come to
absurdity asv — ¢ . Indeed, the left side of (20) vanishes but the right

side of (20) tends to .

M.Planck as well as A. Einstein, were mistaken considering that
the temperature had to transform, at adiabatic acceleration, according

to the law
2
T=TN1-5°, @21)

Asv — o . The reason of this mistake will be shown below, in
Discussion. Now we study the second case (Figure 2).

Figure 2 The moving flat interface; the velocity v of its motion is parallel to
the flat one. AL is the thickness of the surface.

The relation (14) should now be written down in view of the

relation
w=aw1-5, (22)
As
idQ = Uy ~Uggyy * PoV, = PV = 0o, + 0o, —fv%{Uo + 0,V ~ 04, }
¢ [*] (23)
Since instead of the ratio (17), we have now
y Ut B DYy —00,) > (24)
V14’
Then formula (18) takes the form:
Q)= Qo ={Uy +PoVy — 0, } - —-1|=
1-p
(25)

1 2 [ P
2{U0+ﬁ (pOVO—croa)O)}—U0+pOVO 1-5 -
N1-8
[ 2
—pVy — 0,0 \N1- B +o,0,

Taking into consideration (20), we have now:

Q,(v)= ﬁ{UO + ﬁz(poVO - 0,0, ]} + P VN1 - ﬂ2 0,0y \1~ ﬂ2 (26)
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Equation (26) is correct, as and in case 1, if ¢,(v)= ; it s

. . -
incorrect 1fQ2 (V):QO /1_/; .
There are more complicated cases than those represented in

Figures 1 & 2, in particular, the cases of droplet or bubble, however,
we do not study them in this paper.

1-p5

It should be added that we come to the absurdity considering the
temperature 7' to be a Lorentz-invariant. Now determine, how the
temperature and heat have to transform under relativistic conditions
when the heat is input into the system from the outside. To solve this
problem, we should take into consideration that the thermodynamical
state of the system is independent of the way of its transition to it. Let
there be, two states of the system (1 and 2) and two its intermediate
ones (1 and2 ). In state 1 the system is at rest and contains some
quantity of heat, which is equal tp @, . We input into the system an
additional quantity of the heat{ ; now the system is in state 1 .
The heat in the system equals @, + AQ,,. Accelerate adiabatic the
system up to velocity v. Now the system is in state 2; the heat of the

system is
Y Qo 0y

However, the system can go to state 2 otherwise: through state 2 .
To do that, we must accelerate adiabatically the system being in state 1
up to the velocity v. Then the system will be in state 2 . Its heat equals

_ O (28)

Further, we input a quantity of heat into the system Asz and
transfer it to state 2. Then the quantity of heat in the system @, equals

@7

Q
Q,=Q,; +4Q; =———+AQ, - (29)
1-p
Evidently,
+ A
Qo +40, _ Qo 4 AQZ' , (30)
Vg 15
From equations (30) it follows that
A%, : 31

Now we can formulate the first principle of thermodynamics under
relativistic conditions (3-D formalism):

dE =dQ +dQ, +dA, +v -dG, (32)

Where E (= U+E km) is the energy of the system, Q_ the heat
changing the entropy of the system (entropic heat). i.e., 1

; @ the heat not changing the entropy of the system (relativistic
heat) for the observer being at rest in the reference frame,
ie, dQ=SdT =v -dG_ ; A, the work of deformation, e.g.,
dA, =-pdV +odw .

d

v - dG the increment of the work expended on the increasing of
microparticles; velocity of the system moving (the microparticles)
relative to its mass centre; v - dG the increment of the work expended
on the increasing of the system velocity from zero up to v .

If v =0, the law (32) will be transformed in the law (1).
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Taking into consideration the relations (9) - (11), we can write
down:

G - (U0+p0V0—c70a)0)v. i(U+pV—o—w)

s Cz\/l_ﬂz c

The quantities in braces of (33) form, in Minkowski space, a vector
of energy-momentum having invariant lengths equal to

(33)

i(Uy +pyVy — 000, )

, (34

c
M@ller" represents a quantity AQ_ as

m _ A
AG T =—v, (35)
C
A
Where AG" =—2Qv; AQ is the amount of the heat transferred to

the system during‘the process; in fact. AQ = dQ, (see above the law
(32)).

The relation (35) was obtained by M@ller!! with taking into account
the influence of the vessel walls, containing our substance, i.e., for a
system consisting of two subsystems: substance and the vessel with
its walls. It is important to note that the law (32) was obtained without
accounting for the influence of the walls of the vessel.

The law (32) is correct in Euclidean space up to the velocity of
system motionv,__ . If , the micro particle velocities begin
to prevail in the direction X over those in the directions X, and X,
for the observer in the laboratory reference frame, in accordance to
the relativistic law of the velocity composition. Now both the heat
and temperature are not already scalars they are vectors. Then we can

write down the law (32) as
dE = ko(S)k + ko(T)k +dA; +Vv «dG, (36)

Where

; €0

Is the dimensionless vector; Qk(s) and kaare the vectors;
k=1,2,3.
Solving the problem: 4D-case

Solve now the problem for 4-D case, to obtain the first principle of
thermodynamics in Minkowski space. First of all, it should be noted
that there were attempts to solve the problem for 4-D case, e.g.., by
Eckart.,* he wrote the first principle of thermodynamics as

(38)
(39)

mDe +(1/ c)[(éq” / ox“ +q"Du )]+ w"'”(auﬂ /ox“)=0,
B1/2

m= (—gaﬂmam ),

Where g, is the fundamental tensor; m* (mﬂ )a four-vector

which has the units grcm?, and depends only on the molecular weight

and the motion of molecules; u” = m“ / m ; D the unique differential

operator corresponding closely to the classical operator D/Dt; & the
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internal energy (J'kg''; erg-g"); q” heat flow
(J-cm2-s); w the stress tensor (N-cm?; J.em?).

In fact, the relation (38) is an attempt to obtain the first principle of
thermodynamics in a differential 4D-form. It should be noted that the
term (1 / c)anua does not appear in the classical case. This term is
very small in all ordinary cases, and may be interpreted as a work done
by a heat flow through accelerated matter, in the direction opposite to
the acceleration. It may be explained as due to the inertia of energy.

The expression (38) is incorrect. The different terms in it have
different units. If the relation (38) is written down as

mDe +c[oq” / ox" +w™ (2uy / ox“)]+(1/c)g"Du, =0,  (40)

Then all terms will have the same units. They have to transform
identically under relativistic conditions, and we do not come to
absurdity.

We have to obtain the first principle of thermodynamics in
Minkowski space under relativistic conditions having taken relation
(32) as a basis. To solve the problem, each term on the right side of (32)
should be represented in a 4D-form. Having done it, we automatically
represent, in turn, the term on the left side of (32), i.e., internal energy
as 4-D physical object. Such representation of internal energy follows
from the principle of two observers we formulated.

Begin the representation with the work of acceleration, i.e., vedG .

=0. Then we have for

In our case the velocity components Vo

components 1 and 4:

V1 myVy

u dp, = d——, 41)
19P1 L ﬂ2 (1 ~ ﬂz . .
And after the subsequent integration we have
V1
T N 42)
| 2 1 2
2(1- 2(1-
(-7, 2l-r)

Where C, is the normalization coefficient; u, the component of the
4-velocity of our object in the direction X.

The essence of this coefficient presented as follows. There are
some of thermodynamical parameters in Relativistic Thermodynamics
that equally transform in Euclidean and Minkowski spaces, e.g., the
interval of time At or element of length Al which is parallel to X .
According to the energy conservation law, the energy has to vary in
Euc\yidean—zand Minkowski spaces equelly, i.e., in inverse proportion
to \1-4".

We can find this coefficient from a condition: vsr/rllm‘e/m the velocity of
the system equals v, then its kinetic energy 1, = ——-1 —. In this case
V << C Forv << ¢ we obtain the Well—knozwg expression for the

kinetic energy of a moving body for this case: I, = el

For the component 4 (0) we have:

u,dp, = _ dimoc 43)
4 4~ ’
’1 —,32 [1 _ﬂz
And after the subsequent integration we have, in turn:
| —c moc2 ‘ —c m052 _moicz:|_62mncz|: 1 _1:|
* 22(1—ﬂ2)‘1 : 2(1—ﬂ2) 2 2 [1-8 | (44)
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If the initial state is the state at #=0. C, is the normalizgtien
constant for this case. It can be found from the condition: '+= e
if the velocity of our system equals v,. Then 7, :mocz, At v=0

2. .
1, =myc", ie., we have the well known ratio.

We can also represent components
representation of them in Minkowski space:

1 and 4 using other

wdG. ¢ lon —iBugy, dmo (“(011 _iﬁ“(014), (45)
190 =0 2 2
1-p Vi-p
2
I —c m, (“(on —iﬁu(m)
=0 (46)
2(1-
(1-7) |
Uoys T 18Uy, My (“(0)4 + iﬂ”(c)l_)
u4dG4 =C, - d -
Vi-p Vi-p @47)
( il
My \Uggyy + 18Uy,
14 ZCZW ’ (48)
1
Where f=v/c.

Now write down the expression for the work done by the
pressure when the component v, of the velocity v much exceeds the
components v, , and we cannot already consider that the pressure is
a relativistic invariant.

In case v << ¢, the increment of the work dWW is written down in
the real space as
dw, = pdV,

(49)
AVy = AX(4)1 801, 8% )3+
For the relativistic case we have, in turn:
dW=pidegij;i,j=1,2,3,4, (50)

Where by is the tensor of pressure, & the tensor of deformation
(%).

At
2 0
AV:AxlezAx3At=Ax(0)1 1- /4" Ax,,,Ax, 72=AV

(0)27%(0)3 0’
s (51)

Where At is a fixed time interval which is the element of a
4D-hypercube.

Now taking into consideration (49)-(51), we will represent all
terms included in the expression of the work connected with pressure.

2

s 0344
J . sm,, NI (52)
Py dVyy = 1, Vo5 1y = =
Moy Vioyaa
2 2.-1 2
om..,.c (W1-5") M 1,.C
(0)44 dv (0)44 -dz,,, (53)

(0)44 — 2
5V(0)44 y1-p

Copyright:
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1
1
1- B J

As seen, the relation (54) defines the energy of substance in the
whole object under study minus the energy of substance in the surface
layer of the object.

2 2 )
Ly, :{p44V44 = Z44|1 = Migy44C [ (54)

5 g{ﬂ)ll'
Ji-p°

Py, dVy, = pyVodey, =y, Vodey sy, :7”(0)11 =Vo&ns (55)
Vo
-1
[ 2
%o ( 1-# ) S
S D RS C TR (56)
5V[0]11 1-8
2 2 1
J‘puqu = le|1 = 4/(0)11 T 2 -1} (57)
1 1- ﬂ

Where ¢ o1 is the energy expended on the increment of the
hypercube volume in the direction X at rest.

We can formally r%)resent the expression (54) in another form
using the 4D-force F1( (N) and this force action distance. Then we
can, in turn, write down

. v
FlflfFT

p,dv, = F\Vs dx, = € s,d

7 20Xy
1-p

L 4 . L

Where F, is the component of the force F1( ) in the direction X,
in the moving reference frame; F_ the component of the force F1(
in the direction 4.

1- 4%, (58)

However it is not convenient to use the expressions of the type (58)
for solving our problems, therefore further we will use the expressions

of the type (52)-(56).
(5( 4{0]22 j
Ji-p°

PypdVyy = PypVodey, = tyVodey, s by, = T' (59)
(0)22
1
2
5{(0)22 ( Vl - ﬁ ) 4(0]22 (60)
—dV(o)zz =d 2’
5V[0)22 1-5
2 2 1
Jpzzdvzz :ZZZ|1 = 4(0)22 2 -1, (61)
1 1-8

The analogous expressions will be obtained for the case p,,dV,,,
P1,dVy, = Py Yy, p15dVy5 = pyydVy,, and so on.

If our system is closed one then all its components of the kind
P14V = Dy AV, 0y dVyy = DAV, 043dV,s = Py, Vs will be
equal to zero.

Now we should obtain the expressions of the work connected with
surface tension, i.e., with
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W= fads . (62)

1

As we have seen above, the work of the surface tension is a
function of the observation angle of the object under study (Figures 1
& 2). However, the cases represented on the figures are the simplest.
A more complicated case is represented on Figure 3.1

|2

Figure 3 Object under investigations in case velocity v is not parallel and not
perpendicular to the interfacial region. A B DC denoted by the dashed line is
a transition region between contacting phases, as v — c(AL - 0); a, and b
are the length and width of the surface for v=0; bis the width of the same
surface for v —c .

As seen from Figure 3, the work done by the surface tension depends
(the work) on the location of the observer in the laboratory reference
frame. If the coordinate axis Y is an observation line at the moment
t,» the observation angle ¢ =z /2, and the observer is removed to

. . L \2 N2 2
very long distance A'Y from the object, then (gp) =(oB +(()D)
,as #— , and we have two areas: the first area is parallel to the
velocity of the object movement v, the second one is perpendicular
to it. Evidently, the first area depends on the velocity according to
the law s=s5,41-p*, where S, is the area atv = 0. The second one is
independent of v. The first area shows what part of the area of the flat
object ABCD depends onv .

Evidently, if we turn our object horizontally by an angle, then we
shall already have three projections of the object on the planes formed
by the coordinate axes. The areas of two of them will vary according
to the above law; the third area will be independent of the velocity v
for our observer. However, in the most common cases the object under
study has a bent surface. What to do?

In this case we can break down the surface of the object into
infinitely great numbers of infinitely small flat elements. The area of
each element has projections on the planes formed by the coordinate
axes. Taking that into consideration, we can solve the problem
connected with the work of surface tension when the surface of the
object is bent. In this case the work can be represented as done by
surface tension on three planes which are mutually perpendicular.
Two planes are parallel to v , the third one is perpendicular. Therefore
t , lying in the parallel planes, will vary in proportion to
:;1 - ﬁ'z asf — ; in turn, the areas, lying in perpendicular plane,
will not vary under these conditions. Now, having given the all needed
explanations, we can represent the expressions for the work of the
surface tension forces having begun with the component o, being in
the planes formed by the coordinate axes.

Copyright:
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0,45, =p,S dey,; (63)
[m 2 ] 2 )

5| 9L sm, ¢ ( 1-8 ) 2

> oL my ¢
b 1-8 4,0y, =dy (64)

S8, 5S[O)L 1 *ﬂ

2 2 mc 1
= J.O_Mds(ou _MOLCZL =T 2 7m°L62 = mucz[ 2 1} (652)

1 1-8 1-8
At

AS | = AX ), AX gy (65b)

(0)27(0)3 1 2

Where S () S0y, &T€ the values of the 3D-space-time object, the
spatial area of which is perpendicular to the velocity v << c and as
Vi, Py L.is the specific density per time }mit (g'em™s™) of
substance in this object; m,, the substance mass in the surface layer
located perpendicularly to the velocity v .

In turn, we obtain the expressions for the work of the surface
tension forces for the planes parallel to the velocity v:

2

0,,dS =p c*ds —7&0)//6 Sy, dE,;
447°(0)/) — Fy/ /7~ 2 T(0)//7744” 66)
Ji-5 (
2 2
[{ mo//zj S(my, ¢ /N1-8 ]dS 4 2, -2y
V1-5 Sy =m0/ B (67)
P = ; Sty
5Sl0)//
2
2 2 my,C 2 2 1
I,=|o,ds =M,,| = -m,c" =m | ——-11; 68
37 Tuy //|1 (17ﬁz o// o// & (68)
At
_ _p? 0 _
AS//_AX(O]l 1 ﬂ AX(O)Z [1 ﬂz _AS(O)// (69&)
And
AS |, = Ax o), AX g Aty = AS ) (69b)

where S, S, are the volumes of the 3D-space-time object,
the spatial areas of which is parallel to the velocity v << c and as
i—> Py is the specific density per time unit (g-cm?s') of
substance in this object; m,,, the substance mass in the surface layer
located parallel to the velocity v at rest; the values AS,, in (69a) and
(69b) are not equal to one another in common case. Evidently, the
increments of the kind (63) and (66) are already in the dependence
(43) therefore they will not further be taken into consideration.

For the real work of the surface tension forces we have the
following relations (the plane is perpendicular to the velocity v):

S
(0)L
030, =05,dS, =p, | ﬂz déys; (70)
5( '):[0)23 J
. J1-4° )
SR R S
88, Sy (71)
)
1-4°
5( é{o)z:}
2= ds - V1-p d S(U]L _d 5(0]23
55, [ Sty J 1-4° 1-4
1-4 (72)
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2

?0 ds :M == |z:§ ;_1 .
1 23771 \/ﬁ l 23| (0)23 17,82 (73)
At AS
AS =Ax.  Ax. . 0 _ "OL .
1 (0)27%(0)3 ’
Ji-p J1-4
E,AL FE AL o.
3773 + 2772 23 , (74)

AL,AL, AL,AL, AS,,

Where o,, = 0,,is the surface tension per time unit on the real
surface (X,X,), the whose 3D-space-time object (the surface) is
perpendicular to the velocity v ; y <« ¢ are the volumes of the
3D-space-time object, the spatial area of which is perpendicular to
the velocity v<<cand as #—> ; 88 0y23 = 950132 is the energy
expended on the increment of the area perpendicular to the velocity
v; F,,F, are the surface tension forces in direction 2 and 3 acting
(the forces) in the plane perpendicular to the velocity v; AL,,AL,
distances in directions 2 and 3 on which the forces 2 and 3 are acting.

O_1zds// = 0_21d5(0)// = p//s(onzdgu; (75)
(5[ ‘5(0)12 J
oo\, (76)
" 6'5(0)12 53(0)12 '
5{%‘”} J : a7
\70{5(0)12 =d o
aS[o)u 1-p5
2
2 § 0)12 2 1
j012‘1'5(0)12 = =E12| 5(0)12 -1 (78)
1 '1—,82 ) 1 ’1—,82
AS ), = Ax iy Ax oAty = AS(g, 5 (79
FAL EAL, oy, 0

ALAL, ALAL, AS,

Where o, = 0,, is the surface tension per time unit on the real
surface (X,X,), the whose 3D-space-time object is parallel to the
velocity v; Sioy. S, are the volumes of the 3D-space-time object,
the spatial area of which is parallel to the velocity v << c and as
i—> ;& 012 = % 0)2 is th§ energy expended on the incremf:nt
of the area parallel to the velocity v; F,F, are the surface tension
forces in directions 2 and 3 acting (the forces) in the plane parallel to
the velocity v; AL, ,AL, distances in directions 2 and 3 on which the

forces 1 and 2 are acting.

The case o, = 0,, does not fundamentally different from the
previous one. Now we are going to convert the heat. First of all, we
should take into consideration that in this case we use 4D-velocity
including the velocities of microparticles. In 3D-fopmalism the
energy of acceleration varies in inverse proportion to4/1 — ﬁ’z , and
thi gy has also to convert in heat in the inverse proportion to

1- ﬁ’z for the observer being in the laboratory reference frame at
rest. Therefore we have for the relativistic heat

2
KA
Oy =109 i%,2 =123, 45k % 2. 1)

Copyright:
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Where @, is the tensor of the relativistic heat; g _ the
fundamental tensor of rank 2.

Qe
Q(T) - W ’

Where Qom is the Qm at rest.

(82)

To some extent, the quantity Q. is similar to the term
a/ c)anua in the above expression (38). Such terms can be only
in relativistic thermodynamics.

From the aforesaid on the thermo dynamical heat Qs including
the expressions (27)-(31), we can represent this quantity as

2
KA
Q[s) :{dQ(s)gKA;K,/I:1,2.3,4;K¢l, (83)

And
Qo(s)

R

Can we obtain expressions similar to the relations (81) - (84)
for the internal energy not taking into consideration the expressions
obtained above for 4D-work and heat? Evidently, no, since we cannot
determine the increment of internal energy without the calculation of
the energy put into the system or removed from it by means of work
and heat. The internal energy cannot accurately be determined by
physical devices. Taking into consideration the all above expressions
for the transformation of heat and work in 4D formalism, we can
conclude that the internal energy U has to transform under relativistic
conditions as

(84)

y= Lo

And the first principle of thermodynamics in 4D-formalism can
be written as

(85)

b E D Qo(s) D QU(T] D mocz +D T (¢ /41— /5'2 )+
1-4° 1-4° 1-p 1-4° casiza (O
: 86
D T (e /N1-B)+D T (86)
x,A=1,23 1 7ﬂ2

Where E (: Uy +E, ) is the energy of'the system, D is differential
sign in 4D-formalism.

Obtaining (86), we have taken into consideration the relations (20),
(41), (43), (55), (59), (70), (75) and the equality 1, =1,, +1, +1,.

The relation (86) is quite correct in the velocity interval 0-v of the
object under study. The both sides of its transform identically under
relativistic conditions - we do not come to absurdity, as v — ¢, since
the both sides of these relations become infine.

The law (86) is the first 4D-principle of thermodynamics without
taking into consideration of the work of the electromagnetic forces,
and in case the vector v of the system motion is parallel to the
coordinate axis X,. The relation (86) is the fundamental one, its left
and right sides transform identically under relativistic conditions but
we can determine the transformation of the left side of the relation
only by means of the transformation of the right side. In the general
case the fundamental nature of this or that dependence can be
determined by means of the principle of two observers. The principle
is formulated below anticipating by an example. Let a process of heat
transfer take place in our system. In the simplest case the process can
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be described in several ways: first, by the formula of heat transfer [
(J-em?+s!) Fourier, second, by the formula of the heat transfer taken
from irreversible thermodynamics,'* third, by Veitsman’s formula.?
Here they:

oT
I,=-A—, 87
ox
vT
Iq = —aq 7, (88)
oq
I,=-D,,—a,f=123a=p, (89)
axﬂ

Wheree, is the thermal conductivity coefficient (J.-cm'-s'-grad’;
scalar); a the phenomenological thermal conductivity coefficient
(J-cm“-s“;qscalar); D_, the coefficient of thermal diffusion (cm*st;
tensor of rank 2); ¢ the specific density of heat (J-cm?).

Let two observers be in a laboratory reference frame. The first
observer is measuring the quantities being on the left side of the
expressions (87)-(89) by devices under relativistic conditions. In
turn, the second observer is measuring the parameters being on the
right side of these relations under the same ones. If these measured
quantities are substituted in the above expressions, then we do not
lead to absurdity only in the case (89).'% In the cases (87) and (88) the
left sides of these formulae will transform differently from their right
ones. It means that relations (87) and (88) are not the fundamental
physical dependences.

Now we can formulate the principle of two observers: “A physical
dependence will be truly fundamental one only in case the parameters,
obtained by the first and the second independent observers for the
left and right sides of this dependence, do not lead to absurdity and
contradictions under relativistic conditions by being accordingly
substituted in the left and right sides of the physical formula”.

4D-space component

Yo+ a,ﬂE,ZS Zwap ~ K,1§,2,3 E(U)M) ’ (90
Gsp =u . n , K#A
A \/1 -B
And 4D-time component
i , , ©n
Gt:(U+ > Z,y— :.’d),l(i/l
c a,p=123 ©,4=1.2,3
Forms an invariant quantity
i 92)
G=—\U_.+ X Z - X = , K#=L°
c ( O gz OF s (0);«1)

Where B=u /¢, uis the 4-velocity vector in real space.

Discussion

As seen above, the temperature of the system is present in the first
principle of thermodynamics in a latent form - by means of the second
principle of thermodynamics

oQ

55=-—5, (93)

T
Where S is the entropy, which is Lorentz-invariant according to
Planck, i.e.,

s=S$ (94)

0*
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If we write down the transformation of heat Q under relativistic
conditions as

Q=Q1-5°,

Then the temperature has to transform under these conditions
according to (21), i.e., according to M.Planck. However, if we write
down the transformation of Q as

0%
V1-p -~

Then the temperature 7 has to transform under these conditions
according to the following formula

T= L P

95)

(96)

)

1— 2

i.e., according to Ott %6 As we have seen above, the relations (96)
and (97) do not lead to the absurdity, the relations (21) and (40), on
the contrary, do. Where were Planck and Einstein mistaken? We make
an attempt to show it starting from (2). Einstein proceeds from Gibb’s
equation taken in the form (normal state):
TdS = dE + pdV —vdG, (98)

Where E is the internal energy.

Accelerate adiabatically our system up to the velocity v. Further,
integrate (98) term by term from state 1 (v=0) up to state 2 (v— 00 ):

2 2 2 2 . (99
[TdS = [dE + [ pdV - [vdG ©9)
1 1 1 1
Since S = §, then in view of (16)
(100)

1
E, —E, +p,V —pVy — (U, +p0VO)(W —1}:0.

However, Einstein meanwhile operates with 7dS, when there is
no any input of heat in the system! We cannot use the above Gibbs
ratio here, we are to use only the first principle of thermodynamics
under condition that dQ = S,dT (see above)! If we input the heat in
our system accelerated up to a velocity v, then the increment of the
heat dQ will contain the term 7dS, however the heart of the matter
has not to change. As before, we come to absurdity considering that
the temperature will be transformed according to Planck-Einstein’s
law. Taking the transformation of the temperature according to H. Ott
under these conditions, we have no contradictions.

The transformation of heat and temperature under relativistic
conditions is considered to depend on the velocity of the source of
heat putting into the system.'* In this regard the author of'* examines
two cases: (i) when the object under study and the source of heat are
moving with the same velocity, (ii) when they have different velocities.
The problem is solved in Minkowski space under some assumptions.
In particular, van Kampen proceeds from the assumption that the
internal energy U will not transform under relativistic conditions of
the system by formula (16), but as

U

U=—r——. (101)
. 1-5 . o

Then in the first case the heat had to transform in an adiabatic

acceleration of the system according to (96) and the temperature had

to transform according to (97) if entropy S = S, .

In the second case the heat transforms under relativistic conditions
according to complicated laws. In order to find them, van Kampen uses
an imaginary model. There are two black bodies a and b separated by
a thin metallic sheet. Relative to the laboratory frame, a and 5 have
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velocities u” and u” parallel to the sheet. The heat may be leaking
from the subsystem a to the subsystem b. Of course, such a system
does not exist in nature and cannot be created artificially. According
to van Kampen, the heat Q in the subsystems a and b has to transform
under relativistic conditions as

(102)
(103)

dQ" =—p, +1p, .
Q" = R/

Where p_ and p, are the enq;gy density in the subsystems
multiplied by ! aaae 7=\1- u ; AAis the area of a small hole
through which the heat goes from the subsystem a to the subsystem b,
At the interval of time when the hole is open; u=v/c, c is the velocity
of light adopted equal to 1. Then we have for the whole system

dQ, +dQ, =(7~1)(p, +,)>0.

It should be noted that, using the above model, van Kampen
has obtained a complicated law of the heat transformation under
relativistic conditions.

(104)

However, using of different imaginary models, we can obtain
some special relations of no fundamental importance.

Conclusion

a. The first principle of thermodynamics was obtained under
relativistic conditions in view of the surface tension.

b. Using the first principle of thermodynamics, it was shown that
the temperature varied under relativistic conditions in adiabatic
acceleration according to Ott H®, i.e., in inverse proportion to

1-8°.

c. It was shown where A. Einstein made the mij hich led
afterwards to the incorrect dependence T = T /1 — ﬁz
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