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Abstract

TSVETKOV, Tsv. D., G. PETROV and P. TSVETKOVA, 2009. Causality properties of the energy-momen-
tum tensor of the living cells by the low temperatures. Bulg. J. Agric. Sci., 15: 487-493

From the theory and experiment to day it’s known the vacuum is a ground state of the quantum field. It is not
just “nothing” but has a rich structure, which determines its possible seeing or virtual excitations, the particle
spectrum. At the molecular level with thermodynamic behaviour is considered by any electromagnetic quantum
field that the additional boundaries as by the Casimir effect changes the energy of the vacuum and then it depends
from the distance between the boundaries, the two parallel, perfectly conducting square plates (side L, distance
d, L>d), moved inertial to each other, so that the so-called Casimir force can be calculated theoretically. The
Casimir force for electromagnetic field has been measured with great accuracy, proving at its best the reality and
non-triviality of the quantum vacuum.

By the calculation of the Casimir effect it has been obtained by the help of the quantum field methods the
vacuum by weak gravitation and electric force as a ground state of the quantum fields fulfilled the void space
between the boundaries e.g. the empty space between the molecules in the living cells. From the recent consid-
eration of the temporal organization of the leaving cells to discussing the quantization on the foliation in a causality
form of generalized quantum field theory we show how the discussion in (Tsvetkov et al., 2005) of a time arrow
version of free generalized scalar field theory can be augmented in such way as to include the energy momentum
tensor of the quantizing non local generalized quantum field depended of the time-like vector kxμ that determines
a Lorentzian foliation of Minkowski space-time in the non local sense.

So the classical thermodynamically model of the living cells can be obtained as a relativistic thermodynami-
cally model by the help of the energy momentum tensor of the relativistic biophysical system called living cell.

By the heat transmissions it is possible to obtain a heat 4-impulse kμ where the 0-component k0 is obtained by
heat difference δQ = Φdt and ki= Πidt (i= 1,2,3) where Φ and Πi are the energy and the impulse transmits of the
convection way to the local event points for unit time in the Minkowski space-time.

Key words: causality condition, energy-momentum tensor by temporal organization of leaving cells, time arrow,
special conform group, non local scalar quantum field on the light cone
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Introduction

In the recent Results of (Tsvetkov et al., 2006)
was showed the role of the Casimir force by the un-
derstanding the temporal organization of the leaving
cells in the Minkowski space-time by the help of the
so called Casimir effect of the vacuum state of the any
one quantum field. From the theory and the experi-
ment it is believed that the interacting between the liv-
ing matter i.e. proteins and the non-leaving matter i.e.
the water was to be considered as a non chemical
interacting i.e. non covalent bound but more as a in-
termolecular and the Casimir force too.

The study of the damage produced by freezing and/
or low temperature and low contents water is impor-
tant in a variety fields (Zwetkow, 1985) there are the
very full references to this problem (Tsvetkov et al.,
1989), of which here are some examples: In medi-
cine, surgeons would like to be able to cryopreserve
organs for transplants. To date, however, the
cryopreservation of large organs (except blood) has
a very poor success rate. Blood and sex cells are rou-
tinely frozen and thawed for later use but even then, in
many cases, the cellular survival rates are unaccept-
ably low. Cryopreservation is also important in main-
tains germplasm for important or endangered species.
Frost damage is an important agronomic concern: if
farmers can get a crop into the ground before the last
frost, then they have a longer growing season and a
greater yield. Damage in seeds during drying and de-
hydration may also be agronomical and ecologically
important. Because of the impact of temperature on
all reactions of the cell, adaptation to fluctuations in
temperature is possibly the most common response
researched.

Main Results

At the first we take the mirror reflecting points in
the Minkowski space

and the point                        between the plates
so that

where μ = 0,1,2,3, and n is the reflecting number
of the observable stationary event point y0 from the
Minkowski space time at the time t = t0 between the
plate at the rest and the parallel the moved plate with
the constant velocity v so that the d is as a sea mirror
height to consider

as independent 4-vectors in Minkowski space-
time and y3 ∈ (0, λvt0],

Further we can defined by the distinguishing marks
“l” = left and “r” = right the following relations be-
tween the point x between the plates and the reflect-
ing observable points
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with the basis                 and the axis

Further we can define for the impulse Minkowski
space by means of the following relation and fixed
impulse four vector k

μ
 as by the P.N. Bogolubov et

al. (1987) by studying of the causality properties of
the form factors in the non forward deep inelastic scat-
tering. In our case k

μ
 is the heat impulse 4-vector.

The functional states vector

is a functional defined by the help of the non local
field         , where the time t is considered as a la-
bel parameter for the volume of the domain Ωt

3 ∈ lD
U rD for

of the following formal way of integrating of the
distribution

as a light like Minkowski space vector and
         and                are fixed Minkowski space-

time vectors.
Further we define by the following relations the

so-called foliation vectors in the Minkowski space time

if y1

μ
 and        are lying on the hyperbo-

loid defined by the reflection and hyperbolical rota-
tion of the Minkowski stationary point y0, between
the mirrors from the Casimir effect and t ∈ (t1, t-3], so
that the following bounded open domains of double
cons are defined

with the basis               and the axis

lD = lDκx, τ = V+
τ ∩ V_

κx

rD = rDκ’x, τ = V+τ ∩ V_κ’x
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is the Dirac’s function, defined on the light cone,
so that the distribution

if the domain Ωt
3 of the function                      la-

belled by the time t intersect not the domain of the
light cone.

We can obtain the field              as a distri-
bution from the equality relations

where             is defined by the con-
struction of the 4-vector

in the Minkowski space-time and also for what is
easy to obtain by the help of the article (Bordag et al.,
1984; Petrov, 1989) and the relation for the massless
Green’s function

of the following way if we define the convolution
thinking of the time arrow

and formal for the substitution

where the Banach valued field vector

with Ωt
3 ∈ lD U rD fulfill the condition
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vacuum is negative its pressure is thus necessarily
positive. For the temperatures T’ < T, (Mitter and
Robaschik1 1999) the external pressure by the ther-
modynamic behavior of the electromagnetic quantum
field with a Casimir effect is reduced in comparison
with the standard situation (T’ = T). Therefore it is
expected the existence of a certain distance d0, at
which the Casimir attraction is compensated by the
net convection pressure.

The freedom to add a heat convection corresponds
to the freedom to choose the absolute scale of the
vacuum energy and both of them should be chosen so
that they cancel each other and have no net observa-
tional consequence, also of heat transmits by convec-
tion way. We hoped, that a consistent theory of quan-
tum heat convection, once found, would tell us how
to do this in detail and to understand better the so-
called third low of the thermodynamics.

From a great interest is the so-called problem of
the connection between the second low of the ther-
modynamics also the entropy and the time arrow.

For consideration of the energy momentum tensor
of the scalar quantum field it is possible to take the
following way of the consideration of the scalar mass
field.

If it is taken that the energy muss be positive then

It is easy to be shown that from the special con-
formal group the x2 from the x event point in
Minkowski space-time is not changed by the transla-
tion when the fixed vectors are

 as that is the case by calculation of the Casimir
effect and

so that from x’2 = x2/σ is that fulfilled.
Changes of the vacuum energy produce measur-

able physical effects. However, its absolute value of
the molecule levels affects only the convection force.
It knows that only the quantum vacuum field and the
convection in the vacuum influence the living cells at
the nano-physical dimensional molecular distance. An
even though the absolute value of the vacuum energy
cannot be determined. But the heat convection de-
pends on this absolute value, which defines the metric
and curvature of the void space-time, is determined
by the sum of all forms of energy and momentum. By
symmetry reasons, the so-called energy momentum
tensor of the vacuum between the molecules in the
living cells must be of a form such that in the analysis
of the linear partial differential equation these local
entities of the energy momentum tensor must fulfils
kinematical conditions. If the energy density of the

and for the time arrow also the energy can be nega-
tive too as by the Casimir effect

qk
2 = κ-2x-2 can be considered as a squared 4-im-

pulse vector in Minkowski impulse space lying on the
mass hyperboloid of the “matter” scalar fieldcan be n
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can considered as a squared 4-impulse vector in
Minkowski impulse space lying on the mass hyper-
boloid of the “matter” scalar field and

.

For the non-local operator Wick’s product is to
be given

The Wick’s operator energy momentum tensor for
the quantum vacuum scalar field also can be defined
by

where the non local energy momentum tensor is
given by the invariant entities T’s and the localization
for the :Tμυ(κx, κ’x): is given for κ and κ’ going to zero
also the causality must be proven for the invariant en-
tities T’s.

For the vacuum expectation value

so that a causality condition in the Minkowski
space-time will be fulfilled if T’s are localized for the
vacuum without particles by κ and κ’ going to zero
also the following conditions are fulfilled

can be obtained

Because of the impact of temperature on all reac-
tion of the living cell, and by the moved genetic ele-
ments in the genome the so-called insertion sequences
and transposons, adaptation and mutation to fluctua-
tions in temperature is possibly the most common re-
sponse researched. So in the resent time we have a
new interesting object of studying in the cryobiology
the so-called ice structuring protein (ISP). Freeze-
drying is also important in the food industry.
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