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Introduction

The celebrated Eddington’s time's arrow! has only two directions.
Human senses too recognize only past and future directions and
hence Eddington’s time's arrows are considered as an adequate and
proper description commensurate with our physical observations.

The dynamical description of a self-evolving system consists of a
host of state functions besides the time parameter.

A, S. Eddington, The Nature of the Physical World. Cambridge:
Cambridge University Press, 1931
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However, out of these host of state functions Eddington identified
a uniqueness associated with entropy function with respect to
time's arrow.

Notice should be made of the fact that the entropy function that
Eddington is referring is the one which is primarily a
thermodynamic quantity but there is a quantity also termed as
entropy but basically constructed using the probabilistic approach
and has more than one versions.

As asserted by Dunning-Davies? it is not clear even today that
when and where to use which entropy function out of them.

2J. Dunning-Davies, (to be discussed at the 2013 International Workshop on
Hadronic Chemistry, Mathematics and Physics, October 21-26, 2013,
Department of Chemistry, R. T. M. Nagpur University,-Nagpur, India.)
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Based on the second law of thermodynamics inequality (and in
recognition of its statistical mechanical character), namely:

AS >0 (Adiabatically closed or isolated systems)

Eddington’s primary assertion is as follows.

» Nothing in the statistics of an assemblage can distinguish

a direction of time when entropy fails to distinguish one.
Then he further goes on and asserts that,

» whereas other statistical characters besides entropy
might perhaps be used to discriminate time’s arrow,
they can only succeed when it succeeds and they fail
when it fails,

» so far as physics is concerned time’s arrow is a property
of entropy alone.
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The above are the sweeping assertions that imparts a special
status to the entropy function and illustrates what actually is

the basic content of the term thermodynamic irreversibility.

Notice that the mathematics involved herein is the
conventional Lie algebra that uses conventional numbers.
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However, with the advent of Santilli’s iso-, geno- and
hyper-times and their isoduals the scientific scenario
particularly the physics had changed dramatically.

Hence in the present study we have focused on time’s arrows as
identified by Santilli himself that get identified with the advent
of his new mathematics. And its thermodynamic implications
stressed by the present author? are also discussed.

3A. A. Bhalekar, “Geno-nonequilibrium thermodynamics. II. Spatially
uniform, spatially non-uniform, complex and antimatter systems, and
thermodynamic time's arrows,” Hadronic J., 2013, (In press)
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Four Directions of Time

Isotopic Law for Numerical Values of Functions and Isotime
Directions of Time Based on Iso- and Isodual- Mathematics
Directions of Time Based on Geno- and Genoisodual- Mathematics
Directions of Time via Genohyper- and Its Isodual- Mathematics
Four Genothermodynamic Directions of Time

In the scientific history, for the first time, Santilli has identified
four directions of time by using iso-, geno-, hyper- and their
isodual- mathematics. These remained unfortunately submerged
just because the 20" century Lie algebra was incapable of
unearthing the two additional directions of time.
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Isotopic Law for Numerical Values of Functions and Isotime

According to Santilli's isomathematics a conventional quantity is
isotopically lifted as*,

A(t, r, p, 1, WL, ...... ) — A(f,

where 1 is the proposed positive definite isounit and is obtained on
isotopic lifting of conventional unit, I = +1 that is represented as,

*(a) R. M. Santilli, Hadronic Mathematics, Mechanics and Chemistry. Vol.
Il Iso-, Geno-, Hyper-Formulations for Matter and Their Isoduals for
Antimatter. Palm Harbor, FL 34682, U.S.A.: International Academic Press,

2008
's Arrow:
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I=1 — It,rp ol ...)==>0 (2)

Thus when a function say f(r) is isotopically lifted to f(7) it has
been shown by Santilli that f(r) and f(#) both have identically
same numerical values. This is termed as the Isotopic Law for
numerical values®.

5(a) , Elements of Hadronic Mechanics, Vol. |I: Mathematical Foundations,
2nd ed. Kiev 4, 252601, Ukraine: Ukraine Academy of Sciences, Institute for
Theoretical Physics, Naukova Dumka Publishers, 3 Tereshchenkivska Street, 1995, (15¢
edition 1993); (b) , Elements of Hadronic Mechanics, Vol. Il: Theoretical
Foundations, 2nd ed. Kiev 4, 252601, Ukraine: Ukraine Academy of Sciences,
Institute for Theoretical Physics, Naukova Dumka Publishers, 3 Tereshchenkivska
Street, 1995, (15 edition 1994); (c) R. M. Santilli, Hadronic Mathematics, Mechanics
and Chemistry. Vol. lll: Iso-, Geno-, Hyper-Formulations for Matter and Their Isoduals
for Antimatter. Palm Harbor, FL 34682, U.S.A.: International Academic Press, 2008
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On the same lines time t gets isotopically lifted to the isotime ¢
but now it has its own isounit, IAtA = 1/T; > 0. However, in view of
the above stated Isotopic Law for numerical values we have
numerical equivalence of the conventional time, t.,:, and the
isotopic time, tins Which is intrinsic to the corresponding isospace.
Hence, we have,

text = Text X 1= 2?im‘,r = tintr X ff (3)

From eq.(3) it is clear that the pace of iy, is not the same as
that of ¢ of our universe, t.;;. That is when I; > 1 there we have a
slower pace of tins than tegs (tintr < text) and when I; < 1 there

we have faster pace of tiny than tey (Lingr > tewt)-
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This is a vitally important discovery by Santilli having far reaching
implications say for example for understanding the time evolution
of biological complex systems such as seashells.

Figure 1: Santilli's illustration of Isospace and Isotime. The observer out
side of the box is in real space and real time whereas the box represents
isospace with its isotime and hence the observer inside the box sees
isospace and his time is isotime.
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Directions of Time Based on Iso- and Isodual- Mathematics

However, with the advent of Santilli's isodual mathematics® it
becomes evident that each physical quantity has its
anti-isomorphic map called isodual. Thus, now we are led to the
isodual Lie algebra and hence in isodual setting evidently there
would be corresponding future and past directions. Let us
elaborate it a little further.

Let us consider an arbitrary quantity A dependent on say
t,r,p,, 0, ........ Its isodual map is described as,

6

, Isodual Theory of Antimatter with Application to Antigravity, Grand
Unification and Cosmology, ser. Fundamental Theories of Physics, A. van der
Merwe, Ed. 3300 AA Dordrecht, The Netherlands: Springer; 2006, vol=151
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A(t, r, p, ¥, wT, ...... ) — Ad(td, rd, pd, wd, wTd’ ...... )

= _AT(_tv _TT _pJf

The basic quantity of isodual mathematics is then the isodual
isounit, namely:

fd— _jt (_t, ottt oyt ) =<0 (5

The isodual isonumbers are given by,

~d

at=—al = —I"xa (6)
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Now if a of eq. (6) is time ¢ then the isotime,  is defined as’,

tA:tXAi, O<f{7é1 (7)

then the isodual time ¢ gets defined as,

t=txI% <0,  Ih<0 (8)

(a) . Elements of Hadronic Mechanics, Vol. I: Mathematical
Foundations, 2nd ed. Kiev 4, 252601, Ukraine: Ukraine Academy of Sciences,
Institute for Theoretical Physics, Naukova Dumka Publishers, 3
Tereshchenkivska Street, 1995, (1°* edition 1993); (b) , Elements of
Hadronic Mechanics, Vol. II: Theoretical Foundations, 2nd ed. Kiev 4, 252601,
Ukraine: Ukraine Academy of Sciences, Institute for Theoretical Physics,
Naukova Dumka Publishers, 3 Tereshchenkivska Street; 1995; (1St edition 1994)
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Notice that (f > 0) corresponds to future and describes forward
motion whereas (¢ < 0) corresponds to past and describes
backward motion. Similarly in isodual space % has future

(t > 0) and past (#¢ < 0) values.

But when we view the latter times through our senses the future
isodual time describes backward motion in future time and the

past isodual time describes forward motion in past times. This

we depict in Figure 2,

Time's A
Anil Bhalekar - RTMNU-Nagpur 17/44



Isotopic Law for Numerical Values of Functions and Isotime
Directions of Time Based on Iso- and Isodual- Mathematics
Directions of Time Based on Geno- and Genoisodual- Mathematics
Directions of Time via Genohyper- and Its Isodual- Mathematics
Four Genothermodynamic Directions of Time

Acknowledgements
Introduction

Four Directions of Time
Concluding Remarks

New Notions of Time

Motion backward in past time Motion forward to future time
—1 t
—4 0 td

Motion forward in past time Motion backward in future time

Figure 2: A schematic view of the four possible “time’s directions”.
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Although, Santilli through his iso- and isodual- mathematics
identified, for the first time, four directions of time as described
above but these times follow the time reversal symmetry. That is
the forward motion becomes backward motion on reversing the
sign of time.

Therefore, these four directions of time are not suitable for
describing irreversible motions as there is no possibility of getting

them reversed in the time frame®.

This drawback has been removed by Santilli through his geno- and
genoisodual- mathematics.

8(a) R. M. Santilli, Hadronic Mathematics, Mechanics and Chemistry. Vol. Ill: Iso-,
Geno-, Hyper-Formulations for Matter and Their Isoduals for Antimatter. Palm
Harbor, FL 34682, U.S.A.: International Academic Press, 2008; (b) A. A. Bhalekar,
“Studies of santilli’s isotopic, genotopic and isodual four directions of time,” ser. AIP
Proceedings of 2013 ICAANM, 2013, (In press)
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Directions of Time Based on Geno- and Genoisodual-
Mathematics

To correctly described irreversibility of motion Santilli formulated
genomathematics and its isodual branch.

In genomathematics forward and backward motions are described

using different multiplying genounits for forward and backward

motions®.

°(a) R. M. Santilli, “On a possible Lie-admissible covering of the Galilei
relativity in Newtonian mechanics for non-conservative and Galilei
form-noninvariant systems,” Hadronic J., vol. 1, pp. 223 — 423, 1978; (b) —,
“Invariant Lie-admissible formulation of quantum deformations,” Foundation of
Physics, vol. 27, no. 8, pp. 1159 — 1177, 1997; (c) , “Isotopic, genotopic
and hyperstructural liftings of Lie's theory and their isoduals,” Algebras, Groups
and Geometries, vol. 15, no. 4, pp. 473 — 496, 1998
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The first 1> for the ordered multiplication to the right A > B,
called forward genoproduct, and the second <] for the ordered
multiplication to the left A < B, called backward
genoproduct, according to the general rules,

I>=1/S,A>B = AxSxB, I">A=A>1"=A,
SI=1/R,A<B = AxRxB,<I<A=A<~1=A (9)

where S and R are respective genotopic elements, that is for the
forward and backward multiplications respectively.
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Moreover, it is assumed that,

A=A" B=Bf, R=25" and R+5,
and hence we have [~ #< ] (10)

Thus it is easy to see that we have correspondingly two directions
of time > (for forward motion) and <% (for backward motion)
defined by,

f>:t><f£>, <t=tx <I; (11)

Correspondingly, the genoisodual multiplying units and forward
and backward times are given by,

Itfi> _ —(I;)T, fa> — th£d>, <I£d _ —(<I£)T, <gd — tlefzi';
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Thus it is evident that we have following four directions of time
using geno- and genoisudual mathematics depicted in Figure 3,

GENOTIMES
Motion backward in past time Motion forward to future time
- o>
<t t
fd> 0 <jd -
Motion forward in past time Motion backward in future time

Figure 3: A schematic view of the four possible “Genotime’s directions”.
It coincides that of Figure 2 when forward and backward genounits
coincide.
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As the irreversibility is permitted by the forward and backward
genotimes £~ and <f the same gets inherited by the corresponding
isodual map namely %> and <¢? for antimatter systems.

However, in biological systems there we have complex irreversible
processes occuring simultaneously in that some are structure
breaking and the other are structure making. The latter ones get
amicably described by isodual genotimes without getting involved
the features of antimatter!©.

1C. Illert and R. M. Santilli, Foundations of Theoretical Conchology, 2" ed.,
ser. A Pioneering Monograph in Conchology. Palm Harber, FL 34684 USA:
Hadronic Press, 1996
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Herein too for the sake of demonstrative clarity we express the first
part of eq.(11) as follows,

teat = leat X 1= £i>ntr = tintr X ff> (13)

Thus the pace of t;,+- would be faster for ff> < 1 and it would be
slower for I? > 1 as compared to our time t.;;. The advantage of
the genotopic description over the isotopic one is that the
irreversibility of the involved processes gets clearly prescribed in the
former.

Isotopic Law for Numerical Values of Functions and Isotime
Directions of Time Based on Iso- and Isodual- Mathematics
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Directions of Time via Genohyper- and Its Isodual- Mathematics
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Directions of Time via Genohyper- and lts Isodual-
Mathematics

Similarly, Santilli has revealed four directions of time using
hyperstructural- and its isodual- mathematics'? depicted in Figure
4,

These are the multivalued forward and backward
genohypertimes and are the ultimate generalization of arrows of
time.

1R, M. Santilli, Isotopic, Genotopic and Hyperstructural Method in
Theoretical Biology. Kiev 4, 252601, Ukraine: Ukraine Academy of Sciences,
Institute for Theoretical Physics, Naukova Dumka Publishers, 3
Tereshchenkivska Street, 1997
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Santilli and lllert have shown'? that these times help amicably in
describing biological growth processes such as the growth of

seashells.
GENOHYPERTIMES

Motion backward in past time Motion forward to future time
- o>
{<f} {7}
{£d> } 0 {<£d}

Motion forward in past time Motion backward in future time

Figure 4: A schematic view of the four sets of possible “Genohypertime's
directions”. It coincides that of Figurer 2 when all forward and backward
genhyperounits coincide.

2C_ lllert and R. M. Santilli, Foundations of Theoretical Conchology, 2" ed.,
ser. A Pioneering Monograph in Conchology. Palm Harber, FL 34684 USA:
Hadronic Press, 1996
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Four Genothermodynamic Directions of Time

The second law of thermodynamics determines the natural forward
direction of processes corresponding to the future direction of time.

It has been shown in nonequilibrium thermodynamics that in
coupled chemical reactions one process proceeds in accordance of
the dictates of the second law of thermodynamics that drives other
chemical process to proceed in the direction forbidden by the
second law of thermodynamics.
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Let us consider two chemical reactions occurring simultaneously in
a closed system at constant temperature and pressure.

(1) A1+By — Ci1+D;
(2) A+ By — Co+ Dy

= = = = = 9Dae
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The nonequilibrium thermodynamic expression of rate of entropy
production reads as'3,

;S  Aid& Az dée
— 2108 7RO
dt dt dt + dt dt — 0 (14)

Now if the chemical reaction 1 proceeds in accordance with the
dictates of the second law of thermodynamics we have A; > 0 and
d&y

dt
chemical reaction proceeds against the dictates of the second law

2
dt

> 0. When it is a case of coupled reactions the second

of thermodynamics. Hence, we have A5 < 0 and > 0.

135, R. De Groot and P. Mazur, Non-Equilibrium Thermodynamics.
Amsterdam: North Holland, 1962
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Therefore, we have,

d&o Ay d&
2 > 4 A >0 (15)

Normally it is observed that —jl > 1 and hence there we have
2

dés _ d&

a

That is the process that should have not proceeded in the

forward direction actually proceeds much faster than the
process that drives it.
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Thus nonequilibrium thermodynamics has produced an explanation
of the observation that in biological systems urea and ATP are
synthesized exceedingly efficiently though their direct synthesis
in laboratory could not be achieved. This is so because their
synthesis is thermodynamically forbidden. The driving biochemical
reactions for urea and ATP syntheses are burning of sucrose and
hydrolysis of creatine phosphate respectively.

From the above we learn that thermodynamics identifies
forward and backward directions for thermodynamically
favourable processes distinctly different than those for
thermodynamically unfavourable processes.

This then demands the identification of four thermodynamic
directions and corresponding time’s arrows.
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This fact, has been recently used by the present author'# by way of
identifying genothermodynamic directions of time based on
above described four genotimes discovered for the first time
by Santilli.
» For the processes that follow the dictates of the second
law of thermodynamics we use the geno-space and
» for the processes that proceed against the dictates of
the second law of thermodynamics we use the
genoisodual-space.

» Notice that the use of genoisodual space is without its
original purpose of describing antimatter systems.

14A. A. Bhalekar, “Geno-nonequilibrium thermodynamics. II. Spatially
uniform, spatially non-uniform, complex and antimatter systems, and
thermodynamic time's arrows,” Hadronic J., 2013, (In press)
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In this way we are led to distinctly different spaces named as
geno-thermodynamic space and genoisodual-thermodynamic
space.

These directions of genothermodynamic times have been depicted
in Figure b.

We stress that one of the advantages of these identified
genothermodynamic times is that all processes occurring in
the respective spaces (that is in geno- and genoisodual-
thermodynamic spaces) get described as following the dictates
of the second law of thermodynamics as if they are
uncoupled processes.
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GENOTHERMODYNAMIC TIMES

genothermodynamic motion backward
in conformity with the dictates of the
second law of thermodynamics

~

tgenoftherm

genothermodynamic motion forward
in conformity with the dictates of
the second law of thermodynamics
%\>
geno—therm

tgeno therm
genothermodynamic motion forward
against the dictates of the
second law of thermodynamics

Y

ZL/geno therm
genothermodynamic motion backward
against the dictates of the
second law of thermodynamics

Figure 5: A schematic view of the four sets of possible
“Genothermodynamic time's directions”
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Again consider the following identity, namely:

N A

— — > _ >
lext = teat X 1= tgenoftherm - tgeno—therm X If(genoftherm) (16)

Thus we notice that Zgc0—therm Would have slower pace

>
compared to teyy if Ii(geno—therm) > 0. Whereas t4eno—therm Would

eT>
have faster pace compared to .. if If(genoftherm) < 0.

In this way we are at will to choose the value of Iz
t(geno—therm)

to suit the observations.
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Another superiority of geno-therm times over the conventional
nonequilibrium thermodynamic description via coupled processes is
as follows.

The deduction based on coupled processes is for example eq.(15).
Its only prediction is that the process that is forbidden to occur
by the second law of thermodynamics in reality proceeds
much faster than the process that drives it.

However, in the description using geno-therm space and time
we are led to the exact value of the observed rate of
thermodynamically forbidden process.
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Concluding Remarks

From the above brief description of four directions of time's arrow
discovered for the first time by Santilli'® by using his iso-, geno-,
hyper- and their isodual- mathematics is a mile stone in the history
of science.

3(a) R. M. Santilli, Hadronic Mathematics, Mechanics and Chemistry. Vol.
Il: Iso-, Geno-, Hyper-Formulations for Matter and Their Isoduals for
Antimatter. Palm Harbor, FL 34682, U.S.A.: International Academic Press,
2008; (b) R. M. Santilli, “Elements of iso-, geno-, hyper-mathematics for
matter, their isoduals for antimatter, and their applications in physics,
chemistry, and biology,” Found. Phys., vol. 33, no. 9, pp. 1373 — 1416, 2003,
from the issue entitled " Proceedings of the International Association for
Relative Dynamics, Part II"; (c) R. M. Santilli, Isotopic, Genotopic and
Hyperstructural Method in Theoretical Biology. Kiev 4, 252601, Ukraine:
Ukraine Academy of Sciences, Institute for Theoretical Physics, Naukova
Dumka Publishers, 3 Tereshchenkivska Street, 1997
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Recall that earlier Eddington had asserted that there are two
arrows of time directed to forward (future) and backward (past)

motions!®.

That gets augmented to four directions of time with the advent of
Santilli's new mathematics. An amazing discovery by Professor
Santilli.

From the above description it is clear that Eddington’s assertions
about exclusive bondage of time's arrows and entropy function still
remains unaffected. Rather its new facets get surfaced out that is
now we have four directions of time an exclusive property of
corresponding entropy function.

8AS. Eddington, The Nature of the Physical World. Cambridge:
Cambridge University Press, 1931
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The advantage of Santilli’s this discovery is far reaching. Let us
quote what Santilli himself has repeatedly emphasized taking an
example of isotime!”:

17(a) R. M. Santilli, Hadronic Mathematics, Mechanics and Chemistry. Vol. Ill: Iso-,
Geno-, Hyper-Formulations for Matter and Their Isoduals for Antimatter. Palm
Harbor, FL 34682, U.S.A.: International Academic Press, 2008; (b) R. M. Santilli,
“Elements of iso-, geno-, hyper-mathematics for matter, their isoduals for antimatter,
and their applications in physics, chemistry, and biology,” Found. Phys., vol. 33, no. 9,
pp. 1373 — 1416, 2003, from the issue entitled " Proceedings of the International
Association for Relative Dynamics, Part II"; (c) R. M. Santilli, Isotopic, Genotopic and
Hyperstructural Method in Theoretical Biology. Kiev 4, 252601, Ukraine: Ukraine
Academy of Sciences, Institute for Theoretical Physics, Naukova Dumka Publishers, 3
Tereshchenkivska Street, 1997; (d) , Elements of Hadronic Mechanics, Vol. I:
Mathematical Foundations, 2nd ed. Kiev 4, 252601, Ukraine: Ukraine Academy of
Sciences, Institute for Theoretical Physics, Naukova Dumka Publishers, 3
Tereshchenkivska Street, 1995, (15 edition 1993); (e) , Elements of Hadronic
Mechanics, Vol. IlI: Theoretical Foundations, 2nd ed. Kiev 4, 252601, Ukraine:
Ukraine Academy of Sciences, Institute for Theoretical Physics, Naukova Dumka
Publishers, 3 Tereshchenkivska Street, 1995, (15¢ edition 1994)
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When we look at a seashell in our hands, we perceive it as evolving according
to our time, while in reality the seashell could evolve according to an intrinsic
time arbitrarily in the future or the past with respect to our time, the
differences depending on the value of the internal isounit of time. The
compatibility of different internal times with our own time is assured by the
isotopies because the numerical value of the properly formulated isotopic time
(that on a time isospace over a time isofield) coincides with our own time. In
different words, consider an external entity, such as a seashell, or external event
in the universe, such as supernova explosion. Their view we perceive via
reflected light, by no means, implies that the considered external entity or
event evolves according to our own time, since it could evolve in four
completely different, forward and backward, future and or past time. This is a
reason for my believing that the raising of questions such as "the age of the
universe” is an indication of our ignorance vis-a-vis the complexity of nature
because, when we include antimatter, the total time of the universe could well

be identically null as a condition to avoid discontinuity at creation.
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An another advantage of the discovery by Santilli of four directions
of time’s arrow that has been derived by the present author'®
through the development of genononequilibrium thermodynamics is
the surfacing out of four genothermodynamic arrows of time
based on the directions of processes dictated by the second law of
thermodynamics.

The corresponding directions of time are depicted by f;eno_therm,

<zd Td> <F
tgeno—therm’ tgeno—therm and tgenoftherm-

18A. A. Bhalekar, “Geno-nonequilibrium thermodynamics. II. Spatially
uniform, spatially non-uniform, complex and antimatter systems, and
thermodynamic time's arrows,” Hadronic J., 2013, (In press)
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These times are to be used

» for forward and backward processes occurring in
accordance with the dictates of the second law of
thermodynamics and

» for the forward and backward processes occurring by
flouting the dictates of the second law of
thermodynamics as described in the main text.

Once geno-thermodynamics has provided a permission for a
process to occur as described above the next step is to
investigate its constitutive description. This in the case of
seashells has already been investigated successfully by lllert and
Santillit®.

19C. lllert and R. M. Santilli, Foundations of Theoretical Conchology, 2" ed.,

ser. A Pioneering Monograph in Conchology. Palm Harber, FL 34684 USA:
Hadronic Press, 1996
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THANK YOU VERY MUCH
FOR YOUR INTEREST
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