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Abstract

The problems of properties of time and its difference with space in
Quantum Theory and Relativity are investigated.

1 Introduction.

The problem of time is one of the basic problems of modern physics. Despite
the fact that time plays important role in any physical investigations there
are some basic properties of it which are intuitively clear but don’t have
adequate expression in the physical theory. First of all this is the property
of “becoming ”! This property is totally absent in mathematical formulation
as of classical physics as of the relativity theory. In relativity theory with its
understanding of time as the fourth dimension of space-time one naturally
comes to the idea of the “block Universe” when all events as well as worldlines
are fourdimensionally “given” so that “becoming ” is a totally subjective
illusion of the human observer(see A .Grunbaum in [ as the exponent of
this idea).

Differently from relativity physics in quantum physics one finds the wave
packet collapse procedure, showing that some version of “becoming” really
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can be found in Nature. Bell’s theorem and breaking of Bell’s inequalities in
quantum physics strongly oppose any possibility of ”preexisting ”quantum
properties as “beables” in fourdimensional spacetime (see A . A. Grib,W. A.
Rodrigues, Jr. [2I). This can be considered as a serious blow to the “block
Universe” point of view.

Nevertheless in some versions of quantum gravity when the Wheeler-
DeWitt equation for the wave function of the Universe is written we again
see “absence of time” problem, and some version of “block Universe” view
is reconstructed when time is obtained in quasiclassical approximation. This
occurs however because the measurement problem in quantum gravity is not
even posited clearly.

In the works of the author 4 there was developed the quantum logical
interpretation of quantum physics where time is introduced as the means for
Boolean minded observer to conceive Non Boolean world of quantum physics.
Here one finds some place for “becoming ”. Time here looks like apriori form
of human reason to conceive timeless quantum world. Some special proper-
ties of the early Friedmann Universe, for example causal disconnectedness,
leading in quantum theory to absence of interferences for different parts of it,
make space in early Universe looking like time with it’s superselection rule.
So one can use the same idea of “booleasation ” of the non Boolean world for
origination of space as well. This can somehow explain the spacetime unity
despite of the ultimate difference between space and time. The other impor-
tant place where time is seriously “needed ” is quantum topology, because at
it was shown by the present author in his works with Zapatrinl®™ even the
very existence of quantised topological degrees of freedom can be formulated
adequately if one has as minimum two moments of time. So here one can
speak about the object which can “exist ”only if different moments of time
are conceived. This is totally different from the standard situation in physics
when usually the system “exists ”at one fixed moment of time. This example
moves us to another intuitively well known property of time— “duration”.

Usually in relativity theory “duration ” is misleadingly identified with the
“length 7, because it is measured by different kinds of “watches” for which
some space length is used to measure “duration”. But what are properties
of “duration”making it different from length? In the so called “histories
approach” to quantum physics there is an idea to develop probability theory
not for “pointlike events” but for histories as random events. Despite of
its advantages for understanding quantum physics are doubtful® the very
possibility of such a generalisation of probability theory is interesting for our



understanding of a history as some “duration”, not reducible to the sequence
of events.

The third property of time making it different from space is its “direction”
or irreversibility. It “flows” (the meaning of the “flow ” being unclear because
of absence of the clear physical description of “becoming”) from the past to
future. Intuitively we consider the possibility of “existence” of potentially
many futures with one past.

But in histories approach or in the so called Everett-Wheeler interpreta-
tion of quantum physics as well as in modern speculations on the possibility
of “time machines” one can speak also about “many pasts” existence.

The problem of time’s direction or the “time arrow ” was widely dis-
cussed in statistical physics, connected with the entropy behavior as well as
in electrodynamics (the difference of advanced and retarded potentials) and
cosmology-expansion of the Universe. Time machine problem puts the ques-
tion of the difference of time from space on the new level. All these topics
will be discussed in our research. We shall begin by a short philosophical
review, because it seems that many of possible properties of time (if not all)
on the verbal level were discussed by this or that philosopher.

2 Some Philosophical Speculations.

In ancient Greece as well as in ancient India time was usually conceived as
cyclical. As summer periodically is changed on autumn,winter and spring
so different events (but not all!) periodically occur. This idea came from
identifying time itself with “measurable time ”. The best way to measure
time was to use as watches movement of planets. Therefore an idea was
developed that everything moves in time because these primordeal watches-
planets periodically move... This idea became a basis for astrology—all events
change because of the movement of planets. If planets stop all movement in
the Universe will stop and “time itself ” will stop!

This identification of time with “measurable time” is popular in modern
physics, first of all in relativity theory.

Today in speculations on quantum cosmolgy a popular idea is that time is
a parameter needed to describe the connection between matter and the scale
factor—the volume of the Universe. The volume of the Universe, playing the
role of an ideal watch, can be identified with time.

Ancient Greeks as well as some Indian thinkers discussed also the possi-



bility of the closed time. Differently from cyclical time here all events will
again be realised after some time. This idea was criticised by Aristotelis in his
“Politics 7. Today we again discuss this idea in general relativity, speaking
about closed time loops and the time machine problem.

Indian philosophers paid also much attention to the subjective time and
claimed that time “exists ” even if not measured by watches. For this they
considered some duration perceived in the dream “without dream”.

They discussed the idea of “duration ” without events as it is experienced
in some dreams...

Also in India, mainly in Buddhist schools, the idea of “time as subjective
illusion” or illusive flow of karma was developed. Differently from Greeks
(like later I. Kant in his philosophy) it was said that time is only some form
of cognition of our reason and “objectively ” does not exist.

In Judeo-Christian tradition some mixture of objective and subjective
notion of time was developed. Differently from Greece and India the idea
of linear time, flowing from some Beginning of the world to its End was
developed. The idea of creation of the Universe from nothing together with
creation of time itself was developed by St. Augustine in the 5-th century!®.
At the same time the idea of Original Sin sometimes is understood as ”fallen
age ”so that the end of this "time ”will be the beginning of the “new”, not
“fallen 7 age. The other world in Biblical tradition is conceived not as the
other “space” but as “other time”. This “falling” of time due to some modern
Christian theologians (for example, Father Sergius Bulgakov®l) occurs due to
the Sin in our consciousness. This occurs because of the subjective origination
of time as a priori form of our reason.

Some Buddhists (shunyavadin sect and some others) claimed that past
and future events don’t exist at all, only present exists, so that we live in the
“flashing ”Universe 7. Every moment the Universe disappears into nothing
and reappears looking similar to what disappeared. Past is nothing, future
is nothing, we are surrounded by nothingness, our memories and hopes being
illusions. Differently from this view St. Augustine conceived the idea of “ex-
istence on the same level of past, present and future”, so that one can speak
about three “presents”—present of past things, present of present things and
present, of future things. This idea today is the basis of the block universe of
relativity theory.

The first man trying to formulate the idea of time in physical terms surely
was [saak Newton. His definition of time is very interesting because he was
careful not to mix time with only “measurable time”. He said: “Absolute,
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true and mathematical time or duration flows evenly and equally from its
own nature and independant of anything external; relative, apparent and
common time is some measure of duration by means of motion (as by the
motion of a clock) which is commonly used instead of true time.”

So Newton discriminated between absolute time and “common time” or
measurable time. The important properties of time are “flow” and “dura-
tion”. Nevertheless what we measure by watches is “common” time.

Let us discuss shortly some properties of common time. If one describes
movement of some body in time one really compares two movements—of the
body itself and another body called watches. There are different positions of
the body in space; let it be some coordinate X, taking different values x;, x5,
x3. There are different positions of the pointer Y, taking different values y;,
Yo, y3. Experimentally we find some function X (Y") and this is the description
of the trajectory. But it is known from mathematics that any line can be
written in the parametric form, i.e., X = X(¢),Y = Y (¢) giving description
of the same trajectory. So time here is just some parameter, which is not
measured as itself. Nevertheless the great mystery is that taking different
watches Z, W, etc. and describing movement of the same body comparing
it with movements of these different watches one comes to the “unique”
parameter . This uniqueness is manifested in the same region of its definition
, i.e., the real line, the same direction of change of values of t—from past
to future! All this shows that parametric time as “common time” reflects
some properties of the real or absolute time or shortly it proves “existence
of time”. Here one must make some remarks. What Newton meant, saying
that time “flows evenly and equally from its own nature”?

A very important notion for Newton was the notion of the inertial frame,
i.e., such complex of bodies forming lengths and watches such that the First
law of inertia is valid. Movement of any body in this frame is inertial if there
are no forces. This means that the acceleration ‘ﬁ% = (.. Following Newton’s
idea about “even and equal flow” of time itself one can discriminate between
“correct” watches and “incorrect” ones. Incorrect watches are such that the
law of inertia is not valid, i.e., one has acceleration inspite of lack of forces.
To give the idea let us have for some frame the inertia law, i.e.,

d’X

dt?



Then take other watches measuring new 7' = f(¢), such that

T
dt2
Then,
CX _ d dX) _dX Pt EX dt
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so that,
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i.e., new fictive forces occur because of use of “noncorrect” watches. But
why are they incorrect? It seems that they don’t simulate the property of
“even and equal” flow. This property becomes very important in special
and general relativity where time is very strongly identified with “measur-
able time ”. Then if one compares two world lines—one straight, describing
inertial observer, the other curved, describing movement with constant ac-
celeration, using so called Rindler coordinates one can ask about “time flow”
for these two. Proper time for the noninertial observer will correspond just to
some T'(t) in our example. But according to Einstein’s relativity “absolute”
Newtonian time does not exist. Then for noninertial movement “noncorrect”
watches become correct, describing correctly processes in proper time. When
compared with inertial movement “fictitious” forces will lead to observable
difference—so called Unruh effect—virtual particle creation which neverthe-
less can become real Rindler particles for the accelerated counter of particles.
This shows “manyfaced” time of relativity, which differently from Newtonian
can “flow” differently, not only “evenly and equally”.

To end the part let us say some words about Leibnitz position who op-
posed the idea of existence of absolute time and claimed that time doesn’t
exist without objects and is the description of changes in objects.If it is so
then there is no difference between ”common ”or "measurable ”time and
time itself. This was the first relativistic view on time.Time describes "rela-
tion ”between objects and doesn 't exist without them.Must there be unique
time ,describing relations between different objects? In modern relativity we
see,that it is not the case.

Different “time flaws” for inertial and noninertial movements of objects
are real on the same footing...

Newton’s idea of time being put into the equations of mathematical
physics led to progress in formulating deterministic mechanics and the so



called Laplace determinism principle.Due to this principle,knowing Cauchy
data at some moment of time and equations of motion one can predict prop-
erties of the system at any moment of time.From this point of view there is
no "becoming ”,all is given initially,or all information is given at the fixed
moment of time.In a sense this looks as total neglect of real time which intu-
itively has to do with becoming and appearance of something "new ”and after
all new information which in principle can’t be obtained without “existence”
of different moments of time or “duration”!

The strong opponent of the relativistic— “spatial ”and deterministic view
on time was the French philosopher H.Bergson, who claimed that time is first
of all duration and creation and that it is primary to matter, i.e.objectivistic,
so that one must obtain material “objects” from time...Some neorealist in-
tuitivistic philosophers, like Moore, S. Alexander and N. Lossky tried to
connect time with “world consciousness” trying to explain cognition by par-
ticipation of all conscious observers in the universal consiousness which is
some property of time in which all objects exist and this is the reason why
we can cognise them at all...

Differently from intuitivists adherents of I. Kant’s critical realism claim
time to be “a priori form” of the human reason and not existing without
human beings at all!

3 Time in Classical Mechanics and Statistical
Physics. The Problem of Irreversibility of
Time.

The principles of Newtonian mechanics were realized in the equations of me-
chanics, and these are all totally reversible in time. In statistical mechanics
putting the idea of probability for description of ensembles of particles gov-
erned by laws of reversible in time mechanics Boltzmann obtained irreversible
in time Boltzmann equation and was one of the first to claim that the di-
rection of time from past to future is governed by the Second Principle of
thermodynamics.From this point of view the ”past ”is some ordered state,the
future is more disordered state with larger value of the entropy.This point
was criticised by the inventor of the idea of “arrow of time”, A. Edding-
ton. He said that our primitive idea “before ”- “after ” is not identical to
“order”- “disorder” ideal'®). Often we have more order “after ”... Loshmidt,



Poincaré and others discussed the problem claiming that if the system is a
closed one, then the most probable is the equilibrium disordered state with
large entropy.The ordered state can occur only due to some fluctuation .But
then, the system occurs like at the bottom of the canyon-both directions: to
future and past lead to higher entropy! If direction of time is direction to
higher entropy, then why we do not see in the world as many systems with
one direction of time as with the other?

Even if one direction of time is chosen for some system due to the Poincaré
reccurrence theorem the system after some recovery time will necessarily
come to the same ordered state. Nevertheless this recovery time occurs very
large for ensembles with large number of particles .Sometimes this is con-
ceived as some answer, but as we explained before this does not answer the
question of the preference of one direction in time to the other...

The proof of validity of irreversible in time Boltzmann’s kinetic equation is
based on the hypothesis of the “molecular chaos 7, which puts time direction
by hand to reversible in time equations of classical mechanics .One can put
this hypothesis in backward in time direction and then we shall obtain other
direction in time as the preferable one...All considerations using probability
theory for ensembles, each particle of which is described by reversible in time
equations,also put by hand the distinction between “unknown” future and
“known” past , so supposing the time arrow.

There is also the so called “branching” idea, claiming that ordered initial
state is obtained due to “intervention” of some external object to the system
or branching of the system from the larger one. The system being “pre-
pared” in the ordered state then evolves into more disordered one following
the Second Law of thermodynamics. For example the stone was thrown to
the pond-nonequilibrium state of water was formed, “after” water comes to
equilibrium. A good question to this explanation of irreversibility in time
is asked by Sklar!'®. Why for all observable branching systems we see “the
same ”direction in time, but not one for one system, the opposite for the
other? The same “direction ” is especially strange if the systems are on the
spacelike distance one from the other...And we know from cosmology that in
Friedmann Universe there were many causally disconnected parts:why time
must have the same direction in them?

So we agree with Sklar and other researchers of the problem of time irre-
versibility that the problem is not solved neither in classical nor in statistical
mechanics!

Let us discuss shortly properties of time in classical physics. Despite



of Newton’s discrimination between absolute and measurable time we have
time as parameter in equations of classical physics. Such properties as “be-
coming”, the difference between “before” and “after ” are not described in
this science at all. Time is understood as not connected with space, so that
the time axis together with three space directions, being dimensions of the
space, does not form any four dimensional space-time. It is possible even to
consider here the “flash Universe ” idea of buddhists-every moment the Uni-
verse disappears to nothing, but all information is contained at fixed “present
moment” in Cauchy data and equations. There is no need for future for a
“wise” mind who has all information about the Universe at present because
nothing “new ” can become in such a Universe.

The moving “now ”in such a Universe does not lead to new information,
because logically everything is contained at the fixed moment. Why not
one but many different moments of time exist in the Universe? There is no
answer to this question.

The other alternative, i.e., that of the “block Newtonian universe” is
also possible. Present, past and future events exist equally and there is no
substantial difference between them.

Maxwell equations as well as wave equation for the vector potential are
also reversible in time. It is well known that Maxwell equations have two
types of solutions—so called advanced and retarded potentials. Retarded
potentials describe radiation coming from the source in the past while ad-
vanced potentials describe radiation coming from the future. Usually so
called causality condition is put by hand, saying that only retarded poten-
tials have physical sense. This leads to time irreversibility due to initial but
not final conditions.

Unsatisfied by this “by hand ” condition Wheeler an Feynman tried to
formulate symmetric electrodynamics where both types of potentials are
present!™). They were lucky to show that if one considers a charge in the
spherically symmetric cavity with absorbing surface then looking for radia-
tion of this charge it occurs the phenomenon of destructive interference for
advanced potentials produced by the surface and the charge itself. So in the
result one can observe only retarded potentials which is really the case. So
here we see the possibility to “explain” time asymmetry by space symmetry
leading to mutual annihilation of some possible solutions in time symmet-
ric electrodynamics. Nevertheless it is easy to see that any breaking of the
spherical symmetry of the absorbing surface will lead to appearance of ad-
vanced potentials, their role being the larger,the larger is the breaking of



symmetry (exact calculations for ellipsoidal surface were made by the pupil
of the author V.Gutin (LFEI 1988, in Russian). However experimentally we
do not see any effect of this type of actions from the future due to advanced
waves (see [12).

Following Wheeler and Feynman some authors tried to look for radiation
of the charge in the spherically symmetric expanding Universe, claiming that
“particle horizons ” in such a Universe can play the role of Wheeler Feynman’s
absorbing sphere. But the results are not much convincing,the problem still
is not quite solved.

4 Time in Special and General Relativity.

It seems as if in special and general Relativity theory one fully realized Leib-
nitz idea of relational time-absolute time does not exist, time is some relation
between objects:one called the reference frame, the other—observed object.
Then it is easy to understand that if one of the objects is described by the
other measurable parameter-if one changed the velocity of the reference frame
in special relativity or the acceleration of this frame in general relativity-time
will behave differently! So Lorentz change of the time interval can be un-
derstood if time is relation! Nevertheless there is a principle of “existence ”
of absolute fourdimensional space-time which can exist without any objects,
so here we still have Newtonian “empty ” spacetime. Being just one of the
dimensions of this universal spacetime time totally lacks its major property
of “becoming” or “flow ”. Its properties are not different from space dimen-
sions. The only formal difference is the “wrong ” sign in the signature of the
metrical tensor, making the space pseudoeuclidean. One of the mathematical
possibilities is describing time dimension by imaginary numbers. This possi-
bility shows a very serious problem with time, because physically we cannot
measure anything in imaginary numbers—such apparata do not exist! This
again is the manifestation of some mystery about time—it can be measured
by spatial watches, which really measure not time but the space interval.
However to have “watches "one must have one to one correspondence
between “time” axis and space intervals for watches. If there was only one
reference frame and objects were at rest in this frame one could not “see”
any time—it could not be measured, being expressed only in imaginary num-
bers.Very important is the notion of “proper time ”. In order to measure by
watches such a time for some process in the system where the object is at
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rest the “pointer ” of watches must still move, in other case it will show
nothing! For accelerated observer the “relation” which is time is measured
by “spoiled” or “noncorrect” watches in the Newtonian sense.

Unfortunately it is impossible to express in the Relativity theory such
properties of time as “becoming and duration” as well as “change”. Never-
theless if one has together with Newton the idea of existence of some “abso-
lute "time, different from “measurable ” time one can get from the Relativity
theory some new insights on properties of time.

1. Such measurable property of time as “simultaneity ” is dependent on
the reference frame. It is “changed” (the idea of “change” surely being con-
nected with nonmeasurable absolute time)with the “change ”of the reference
frame. Formally “change ”of the reference frame is described by the Lorentz
rotation in space-time.

2. Time is “multifaced”—it manifests itself in many “measurable” times
existence—there are as many different times as there are different reference
frames. Nevertheless inertial reference frames have some preference to nonin-
ertial ones:noninertial reference frames are “incomplete” in Minkowski space-
time, one cannot describe consistently in them all events in spacetime .It is
well known that in noninertial reference frames lines of simultaneity can in-
tersect in Minkowski spacetime and one cannot unambiguously give some
value for time in such cases. Noninertial reference frames however as it is be-
lieved can describe some parts of the whole spacetime and in any case proper
time for the noninertially moving system describes correctly properties of the
“absolute ” time. This is proved by the experiments with the “twin ” para-
dox, when it was shown that the radioactive nuclei being accelerated have
different life-time than those unaccelerated.

3.0mne can say that “flow ”of time is different, because of different “mea-
sured ” time for different inertial frames, which is demonstrated by different
life-time of elementary particles moving with different velocities.

This “flow ” of time is different in regions with different gravitational
fields, manifested in the redshift on the Sun effect. Omne can revert the
argument!™! and say that gravitational field itself is just the manifestation of
different properties of time and its “flow ” in different points of “measurable”
space and time. Well known Schwartzshild solution, as well as cosmological
expansion, can be described in this language. In the latter case one must use
so called conformal coordinates. If time “flows” differently in different points
of space one describes all effects given by the first solution, if it “flows” differ-
ently at different moments of time, the difference being manifested through
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the time dependence of the scale factor, one describes cosmological expan-
sion.

4. Lines of time can have “cuts”, called singularities. These singularities
occur inside black holes and in cosmology—at the beginning and probably
at the end of the Universe. Also they can occur in “cosmic strings ”.

These are properties of “measurable” time. General relativity also makes
probable “end ” of “measurable” time at any moment of time, the Big Crunch
singularity being only the maximal solution 4.

However all these words about “flow ” of time are metaphoric ones in
Relativity theory. To express the “flow ”, for example, in cosmology, one
must use two different times— the conformal one and the synchronous other.

Write the interval for the Friedmann Universe as

”

ds® = a*(n)(dn* — dI*) = Adt* — a*(t)dI*.

To different values of n correspond different values of ¢ and vice versa,
the “flow ” being described by the Hubble’s constant

_ da(n) ~ daf(t)

1= S0 fa2r) = S5 a(t)

Nevertheless one of these times must “change ” in order for the other to “flow
7 differently, but why it must “change”? Why we must “move” in time, if
this movement is not described by geometry of the Relativity theory.

5 Time in Quantum Physics.

In quantum physics time is involved in two different ways; one is the same
deterministic way as in classical physics using Schrodinger equation. The
other is the totally new indeterministic wave packet collapse. It is the second
type of change of the wave function which shows that quantum physics can
say something new on time.

1.The time evolution of the state vector |¥(¢) >which describes the state
of the given system at time ¢ is causal (and linear) if the system is not
subjected to any measurement by some observer. More precisely, this means
that from

n

U(to) = Y ailWilto) >,

1=1
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we can calculate
n

(r) >= 7 el Wlt) >

The evolution is given by the linear Schrédinger equation

d|U(t) >

H\Y(t) >=1h
(1) >= ih=—

where H is an Hermitean operator called the Hamiltonian. When it does
not depend on time we have,

—1
(U (t) >= exp[—-H(t — o) ¥(t0) > .
The norm of the state vector |U(¢) > is of course conserved for all time ¢
because the evolution operator

—1

Ut 1) = expl 5 H(t — t)],

is unitary.
2. Postulate of wave function collapse (or reduction of the state vector).
When we measure a given observable A a system with state vector|W¥(¢) >jumps
indeterministically into one of the eigenvectors of the operator A. If

Altys = ap|u, >

then
U >— |Up>

The probabilty for |¥ >= > ¢, |uy, >— |u, > is given by
W, = | < un|¥ > |* = e, |2

Following some ideas of his teacher—Professor V. A. Fock— the author
developed in his works the so called quantum logical interpretation of quan-
tum physics®. The departure point was Fock’s idea that differently from
Schrodinger evolution, describing some physical interactions, the wave packet
collapse change of the wave function is a “logical operation”. ‘Irying to find
a good description for this, the author came to the idea that this is a “trans-
lation ” from one non Boolean logical structure to the other Boolean logical
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language. And this translation is possible only if different moments of time
exist and the translater himself—observer using Boolean logic or classical lan-
guage (as N. Bohr insisted)—is moving in time! So here, time plays crucially
new role—without time, if only one fixed moment existed, it is impossible to
conceive the quantum system with its complementary properties described by
noncommuting operators in Hilbert space. Observer himself being the quan-
tum system consisting of many atoms can realize himself as self-observing
one only moving in time!

To do it formally let us follow the description given in our book with
W. A. Rodrigues Jr I, Take the quantum system of spin 1 for which two
noncommuting observables-projections on two different axises are measured
and consider the so called Hasse diagram for it (see the book [2]) describing the
quantum logical lattice of “yes-no ”questions. There are six logical atoms for
it corresponding to 6 values of possible spin projections—3 for one projection
and 3 for the other. The corresponding “yes-no” properties are considered
as exclusive, i.e., for “conjunction” A one has,

IN2=1A3.=1A6=2A3=..=5A6=0,

where 0 is always the false element. The structure of this quantum logical
lattice is such that if one introduces “disjunction” V the lattice consists of
two parts corresponding to complementary properties of two different spin
porojections, so that for any two from them one has

3v4=2V5=1V6=..=1,

where [ is always true. It is easy to see that the lattice is nondistributive.
Indeed,

INBVA)=1ATI=1#(1A3)V(IA4)=0A0=0.

It follows that for a nondistributive lattice we cannot define the classical
probability measure. Instead, we must use the so called probability amplitude
represented by the wave function. To each element of our lattice corresponds
some projector Pp, and if |U >, the state vector is known, we can define

(L) =< W|PL|¥ >,

as giving the probabilities according to Born’s rule for a yes answer concern-
ing the property L.
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As it is easy to see there are distributive triplets (1,2,3),(4,5,6). For
them it holds

IN(2V3) = (1A2)V(1A3),
AN(BVE) = (4AB)V(4N6

It is only if we take one of the atoms from the left side and the other
from the right side, that we get nondistributivity. To the elements of sets for
which the distributivity law does not hold there correspond noncommuting
operators in the Hilbert space of the quantum system. To elements of the set
for which distributivity law holds, there correspond commuting operators.To
atoms 1,2,3 correspond S, = +1,0,—1, to the atoms 4,5,6 correspond S, =
+1,0, 1.

The role of observer in quantum logical interpretation is inferred from the
inadequacy between his Boolean distributive logic which is materialized in
the measuring device used by him and the non Boolean logic of the quantum
world. The result of this inadequacy is the wave packet collapse.

Indeed the non Boolean nondistributive lattice is not isomorphic to the
Boolean logic of the observer.The conscious observer solved the problem of
the adequation of the Boolean structure of his logic and the non Boolean logic
of a large class of phenomena occuring outside his mind.How? By inventing
a special relation for these phenomena—time.

Let us see how with invention of time any contradiction that an observer
might find between his Boolean logic and the non Boolean world disappears.

Referring again to our very simple quantum system described by the
Hasse diagram for spin 1 system we observe the following.

For the Boolean observer if 1 is true and due to the structure of the Hasse
diagram it is equal to 1 A (4 V5V 6) =1, then (4 V 5V 6), being true due to
Boolean structure of his logic needs either 4 or 5 or 6, must be true. In non
Boolean logic it is possible to have 4 false,5 false,6 false but nevertheless
(4V5V6) true.

But for the Boolean observer this is impossible! So he will say that
at some moment of time one of the 45,6 (totally undetermined, and this
is the source of quantum indeterminism) becomes true!. So, becoming or
movement in time appears because of the difference of the two logics!

An observer always measures noncommuting observables at dif ferent
moments of time and it is impossible for him to get information about them
simultaneously.
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We can consider this profound difference in the logical structures of the
quantum world and the logic of our consciousness as the reason why we as
human beings always move in time to the future while in space we can be
at rest in a given point.This happens only due to the fact that the observer
can identify himself as some union of a Boolean consciousness and a material
body due to the principle of the psychophysical parallelism only if he is
moving in time!

To the Boolean sublattices of the non Boolean lattice the observer can
give the interpretation in terms of events in Minkowski spacetime.

According to the quantum logical interpretation a quantum object is then
to be identified with a nondistributive lattice of its properties (qualities) and
it is not supposed as existing in spacetime. Yes — no values are given to
the elements of this lattice by a Boolean observer and they change in time
according to the wave packet collapse rule. So the lattice itself describes
only some objective potentialities which are actualized as events due to
observation.The birth of time is a necessity for the observer if he desires
to make his internal logic adequate for the logic of the phenomena that are
outside of his mind. But in doing so, a Boolean consciousness duplicates the
lattice or makes anothe rcopy of it. It becomes necessary for it to construct
a new Hilbert space with superselection rule due to time. For ¢;we have the
Hilbert space H;p, for towe have Hys.

Then one constructs the direct sum of Hilbert spaces Hy @ Hys. Now, it
is easy to put in this direct sum one to one correspondence between noncom-
muting operators S,, S, and commuting operators S!, S? acting nontrivially
in Hy Hyp. Let us call this doubling or copying procedure the Booleazation
procedure.

Time is not operator of time here but just some parameter to discrimi-
nate copies of the same quantum object as the quantum logical lattice.There
are no superpositions of states for different moments of time and this is the
meaning of the superselection rule.

Now let us make some remarks to this simple example.

1. As we said previously there are distributive triples in our lattice. That
is why the observer in his use of time must consider at the next moment all
possibilities forming as in standard probability theory the full set of events,
i.e., if 1 s true for t;, then for ¢, it is not only one or two potentialities from
the other triple can become true, but all of them must be considered. This
corresponds to taking complete set of eigenfunctions of the non commuting
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operator measured at the next moment of time.

2. For the quantum object with infinite number of different nondistribu-
tive triples corresponding to infinite number of noncommuting operators
(which is the case for the spin 1 system with all different projections of
spin) Boolean observer must use infinite number of different values of the
time parameter.

3. Let us go back to the ancient Greece idea about the existence of “ideal
watches”, movement of which is the reason for any other change in time.
Remind that for Greeks it was rotation of planets which was the cause of all
movement in the world.Now we can say that these ideal watches are quan-
tum watches. This means that if one takes different values of different spin
projections of the quantum system as meaning different moments of time,
than any movement or change in time can be expressed as the dependence
of the position of the body in space for example X on this parameter S,
i.e X(S,). As we explained before, Boolean observer must move in time in
order to identify himself as consciousness and as the material body constitut-
ing one quantum object having all its properties at once. As in our previous
discussion of the Newtonian time the dependence X (S,) can be expressed in
the parametric form X = X(¢), S = S,(t).

4. One can ask the question: why our consciousness is Boolean and what
can be the definition of apparatuses used by Boolean mind making them
different from other quantum objects?

There are two basic features of consciousness which can somehow give an
answer to this question . The first is its “introspection” feature, mentioned
by London and Bauer in their investigation of the problem of measurement
in quantum physics!'l. The second feature is the necessity of the division on
the “subject” and “object”for any cognition which leads to the so called “de-
coherence” effect— to the appearance of the preferable basis of commutative
observables for the observer, leading to his (her) classical behaviour.

a) F.London and E.Bauer in their book % described the process of mea-
surement as getting information by some observer in the following man-
ner.Consider a system composed from the quantum particle,macroscopic ap-
paratus and conscious observer as described by some wave functions.During
the measurement process one has some special evolution due to the von
Neumann “measurement interaction Hamiltonian” so that the initial wave

17



function develops in time as

Uy (1) Uapp. (1) Vo (2) — T = Crtn ()0 (y)wn(2)

where u,x),n =0,1,2..., are eigenfunctions of the operator A so that
Aun - )‘nun;

and

U, (z) = ZC’nun(:r)

Here ¥, (z) is the wave function of the quantum system,V,,, (y) is the wave
function of the apparatus, Wy(z) the wave function of the observer. Same
interpretation is given for wu,(z), v,(y), w,(2).

The observer in the result of evolution is described by some density ma-
trix. This density matrix is nevertheless not a mixture of states, i.e., when the
system with some probability is in some pure state. If the observer’s density
matrix was a mixture then the the wave function of the whole sysrem could
not be in a pure state which is the case, but also in a mixture .But it is due to
specific properties of consciousness that the pure state “becomes” a mixture.
According to London and Bauer the main characteristic of consciousness is
introspection—taking account of what one is conscious of. Being conscious
means that “I know that I know "—I am conscious of my subjective state,
discriminate between “true” and “false ” (as we shall add here to London
and Bauer). London and Bauer put the hypothesis that this means that a
conscious observer go from the density matrix when nothing is certain to a
mixture when some pure state and “certainty ” due to it appears. Then the
next feature of consciousness is manifested—it “recognises ” this pure state
giving “ignorance interpretation ” to the mixture. All this according to our
“quantum logical interpretation” means that it is consciousness which gives
“yes-no” values to properties of the quantum object.

b) Much popular in all investigations on foundations of quantum physics is
the so called “decoherence approach ” of R. Feynman,W. Zurek, R. Omnes!®”]
and others. According to it, one can divide any quantum system on the
“system itself 7 and “environment”. If one chooses some special collective
variables describing ”the system itself” then tracing(i.e.doing a well specified
mathematical procedure for averaging over properties of the “environment”
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which are not being observed) over “environment”one finds that for an envi-
ronment large enough the density matrix for our “system” (subsystem of the
whole—“our system + environment”) becomes diagonal in the chosen ba-
sis of collective variables very rapidly in time. Its diagonality is interpreted
as the density matrix for a mixture. The adherents of the “decoherence” ap-
proach try to solve the problem of “classical apparutuses” without speaking
about “consciousness” by this “ad hoc” identification of the diagonal density
matrix with a mixture. The mistake here, noticed by many opponents of
the approach is that it contradicts the pure state description of the whole
system of which our apparatus is the subsystem. So one must agree with D
'Espagnat!'®l who stressed the necessity of going from the density matrix of
the subsystem to the mixture in the measurement process even if the density
matrix is diagonal! And here we again must remember London and Bauer’s
introspection. So “apparatus” or the “system” described by collective vari-
ables must have contact with “consciousness ”.

Another criticism of the approach was due to J .Bell who said the following
“What is it in the big system saying : please divide me on the system itself
and environment and trace over environment”? ”

To this criticism of J. Bell we can answer: it is “me ” as an observer who
makes the above decision. To “observe ” means that I “divide” the whole
world on “me” as totally “distinct” from what I observe—my “environment”.
This is the well known division on the “subject” and “object” of cognition.
So decoherence effect can explain how consciousness can make a choice of a
preferable basis in Hilbert space, i.e., that corresponding to collective vari-
ables of the body of the observer. The density matrix of the observer’s body
becomes diagonalised very rapidly in time and some pure state is identified
as the state of consciousness. Interference terms due to diagonality of the
matrix are not checked by consciousness, so deterministic classical evolution
of collective variables becomes possible. Classical determinism is necessary
for the existence of “memory” for consciousness. So only some commuting
observables with classical description of their evolution become possible for
direct observation and this solves the problem : why our consciousness is
described by Boolean logic, while the whole world is not Boolean!

Now let us give the definition of the “apparutus” in quantum physics.

Definition: “Apparatu ” is a quantum system which gives to the observer
the possibility to get information about some commutative set of observables
of another system, called “quantum object ”. This implies the necessity of
a special form of interaction between apparatus and the observed system—

Y
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measurement interaction of the von Neumann type and coupling to the col-
lective observables of the observer body himself. Despite of the fact that
apparatus being a quantum system is described by some nondistributive lat-
tice, the observer uses only some distributive part of this systemsince he is
interested to get information at the fixed moment of time about only one of
the complementary properties of the quantum object. Apparatus can be as
“large” as a bubble chamber, or as small as a atom of silver in a Stern-Gerlach
experiment. It is not “largeness” or “macroscopicity ” of the system which
makes quantum system an “apparatus” but its use by a concious observer
that needs information expressed in terms of Boolean logic.

¢) Principle of the physico-psychological parallelism. This principle in psy-
chology and neuroscience says that to any psychological process corresponds
some physical process in the body. Von Neumann proposed to formulate
this principle in the theory of quantum measurement as the principle of the
“moving frontier” between observer and the observed object. Despite of the
idea that it is consciousness which makes the wave packet collapse of the
wave function and gives “truth” values to observables it is always possible to
include in “observer ” any apparatus used by him to get information about
the quantum object. From this point of view any apparatus is some “exten-
sion” of the observer like spectacles are extension of the human eye...Observer
giving truth values, gives them not only to properties “now” but also to the
“past” if this “past ” by retrodiction is determined due to classical logic
and classical determinism by the present. Due to von Neumann principle
the whole description of getting information by the observer is organised in
such a manner that it is always possible to put the frontier between the ob-
server and the observed at any place. For example if the atom is observed
by some microscope, then it is possible to describe the atom plus microscope
as some quantum system with noncommutative observables and the frontier
goes between the microscope and eyes of the observer, so that wave packet
collapse occurs in the eye...But because in getting information only some spe-
cial commuting properties of the microscope are used it is possible to have
other description giving the same results for the observer, when wave packet
collapse occurs in the microscope. One can also say that the eye is also the
quantum system and then the frontier “observer-observed ” goes inside the
brain, etc. It is important that the frontier can be moved as in space as in
time—so it is always possible to say that our apparatuses showed something
definite even “before” the human observer looked on them. This “before” is
defined by the conscious observer due to the possibility to connect his “yes-
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no” values now with some properties in the past classically determined by
retrodiction. That is why human observer can discuss quantum properties
of objects many millions years before the appearance of the biological body
of the observer himself!

Questions: If consciousness plays so important role in the world, that
it gives truth values to physical properties and without it only potentialities
forming quantum logical lattice exist, is it only human consciousness or it s
something more? Dogs also give truth values to potentialities?

There can be different answers for these questions.

The first “idealistic” answer corresponds to the idea of the idealistic phi-
losophy “that subject of cognition is always one and the notion of number
don’t work for the subject of cognition” (see for example A.Schopenhauer
in his “The World as Will and Representation”). It is easy to see from this
idea, why different observers give the same truth values to potentialities and
we see “one”objective world. This is formulated as the so called Wigner’s
friend parador.Why, if the quantum system is observed by two persons—one
being Wigner and the other being his friend— both give the same truth
values for potentialities and not different ones? Really, it is impossible to
say that different persons see the same physical world because it is “objec-
tively” the same...But if there is only one “ultimate subject” manifested in
the cognising person surely there will be one world. Similar to this is the
idea of “one” universal consciousness in which participate different human
beings when cognising anything about the world. However we think there is
another possibility to solve Wigner’s friend paradox taking into account our
idea of the role of time in quantum logic. For this, let us take into account
that if “movement” in time is necessary to observe non Boolean structure
for a Boolean minded observer, then quantum logical lattice can serve as
“clocks”. The system is “prepare ” at one moment of time ¢, and after it
some value of the noncommuting observable is obtained which corresponds
to the other moment of time t;. If Wigner’s friend will see other value of
the noncommuting observable he will give to it another value of the time
parameterty. Simultaneously both observers cannot see different values of
the same observable. If they see it simultaneously they both give the observ-
able the same truth value. If they give different values to it, then one must
say that they will see it at different moments of time! Boolean logic, valid
for commuting operators (classical determinism making possible prediction
for its values at other time) and von Neumann’s principle of measurements
of the first kind, saying that if the system is in some eigenstate of the observ-
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able operator, then in the next moment of time one will see the same value
of it if the same measurement is made, prevent the possibility for the second
observer to have other value at the next moment of time than that of the first
obsever. So the only possibility occurs when the same quantum system is
copied as prepared at the other moment of time and then the second observer
makes his measurement of the noncommuting observable with anothe value.
But this does not contradict anything observed.

Concerning the question about animal consciousness, dogs in the degree
that they get information also participate in using Boolean logic to compre-
hend non Boolean world.

Another idea is to speculate about the origin of life, and to understand
the difference between inanimate object and an animate one as the difference
between quantum objects and measuring apparatuses.What is general for
alive creatures and measuring apparata in quantum physics?

1. A living object is “opposed” from everything else which is defined
by him as the “environment ”. It is due to this opposition that Darwinian
evolution with its natural selection and struggle for existence occur...Nothing
of this kind exists in the inanimate world (for example there is no Darwinian
evolution for cristalls...).

2. A living object deals with “information” about the environment, being
in this respect very close to the measuring apparatus in quantum physics.
Important role is played by the information about the living creature itself
which is the genetic code. For this, differently from everything else in Nature,
the living creature uses three manipulations: (a) writing this information in
symbolic form, (b) storing it, (¢) reading it to reproduce the organism.

This information is written and symbolised in terms of Boolean logic,
desspite the fact that of organic molecules are quantum objects.

3. If any living object is some “measuring apparatus ” in the quantum
sense one can understand “spontaneous” activity of this organism as well
as the necessity of “movement in time” for it to exist. The phenomenon of
the “free will” can be understood as identical with quantum indeterminism
and from the point of view of our analogy the living organism is a “self
measuring” quantum object !

4. The nonliving quantum Universe is defined relative to living creatures
which use their Boolean logic to get, to store and to read information about
it and other organisms in it. The definitions of space, time, irreversibility of
time, etc., are given by these organisms and don’t have or have totally differ-
ent sense without them. If one speaks about something “before” origination
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of life, this “before” has no other sense, than deterministically contained in
the “present ” of the living organism and prolonged to the “past ” by clas-
sical physical laws. As we explained before in classical physics due to the
Laplacian determinism all information is contained at any present moment.

Despite our idea that the living organism makes measurements of dif-
ferent noncommuting obsevables at different moments of time, it stores this
information in some classically defined “memory”. It is easy to understand
that all information could be “erased” and no memory could exist at all , if
quantum system with its noncommuting observables was used.

So, does Bohr’s division of all objects in Nature on quantum objects
and measuring apparatuses reflects the division of matter on the living and
nonliving ones?

Can this form of Copenhagen interpretation in which consciousness plays
an important role be useful for understanding other (different from the phys-
ical ones) phenomena?

We think that the answer is positive. As the author discussed it earlier

a) rare telepathic phenomena can be understood as realising EPR sit-
uation when consciousness itself like in London and Bauer example is de-
scribed by the wave function. Absence of telepathy and information transfer
in Aspect and others experiment occurs because of the necessity of using
apparatuses as intermediate between consciousness of the observer and the
quantum particle. If in “passive” (when no question about one state is asked)
state just the wave function of consciousness is registrated as it is (without
wave packet collapse which occurs in active relation to one’s state), then it
is trivial to see the possibility of telepathic communication.

b) Quantum teleportation effects, when the wave function of some ex-
ternal object is teleported to the other object, which can be located inside
human brain or elsewhere inside the body can give new insights for the possi-
bility of our cognition of external objects. In this case, one can claim that we
cognise not only “images” external objects inside our brain (like on the TV
screen). The idea is that due to teleportation properties of external objects
a conscious observer perceive them as they “are 7. Thus, it seems that the
nonlocality of quantum physics can play a important role in the theory of
cognition.

To finish this part, let us stress again that quantum physics, saying that
“objectively” only potentialities exist, strongly opposes the view of “tense-
less” existence of events in spacetime. This view, manifested by some philoso-
phers of science as well as by some mathematical logicians supposes a rela-

[18,19].
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tional theory of time where this concept is used just to express relations
between events which exist objectively. A serious challenge to this view was
made by the Gleason’s theorem (seel?), which shows nonexistence of “truth
functions” for quantum properties. So it is wrong to speak about any exis-
tence of quantum events in future without relation to an observation!

5.1 The Problem of the Time Operator in Quantum
Mechanics.

Differently from space, time in quantum physics is only a parameter or a
coordinate. Space in quantum physics is represented in two different ways.
One manifestation of space is the coordinate dependence. For example, in
quantum field theory one can measure local observables—the operator of
the stress-energy tensor, depending on the local quantised field Ti,5(p) and
express these also as T,s(z,y, 2), ¢(z,y,2). Understanding these coordi-
nates as describiing points belonging to some metrical space with a group
of motion—rotation and translation groups, one can define the transforma-
tions of our operators, of the field and the tensor. These coordinates and
group transformations can be understood as transformations of our classical
apparatuses..

But there exist also operators for the space coordinates X,Y, Z, hav-
ing well known commutation relations with the corresponding operators of
projections of momenta. Understanding the momentum as the generator of
translation in space (considering the Poincaré group) and the operator of
coordinate, as a nonrelativistic approximation for the generator of Lorentz
transformation—translation in momentum space, one can look on these com-
mutation relations as the consequence of the Poincare group. But no operator
for time arises from this procedure.

Commutation relations in quantum physics usually are understood as cor-
responding to Poisson brackets in the classical theory. But then, for Poisson
brackets one has (using double brackets as notation for Poisson brackets),

dA

= (14,1

From this one obtains
[t, H]] =1
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So one can expect to have in quantum physics some operator 1" with,
T,H| =1

However, it is easy to see that due to the specifity of the dynamics of quantum
systems, leading to stability of these systems and to existence of low boundary
for the energy, this “time operator ” cannot exist!

Indeed, suppose that such operator exist. Then, take |E' >—an eigen-
state of the energy operator H with £’ as an eigenvalue.

Take

|E' >.= expicT exp —icT(H) expicT|E' >= (E' +¢)|E' >,

So, for arbitrary values of € not only do the eigenvalues of H form a continuum
but they extend to negative infinity.

That is why, W. Pauli wrote in 1933: “We conclude that the introduction
of an operator 7" must fundamentally be abandoned and that the time ¢ in
quantum mechanics has to be regarded as an ordinary number (¢c-number)”.

Let us make some remarks on uncertainty relation for time. We have in
quantum physics,

d< @ >
— = H
i< (H.Q)>
from which as usual, one gets
AEAQ 2 5 Ld<@> <d? 2.

Now measuring observable () and its change one uses some clock to mea-
sure time interval t. One has,

d 1
IAEAQ > —t| = Q S SAQ,
from where one obtains :
tAE > >

Nevertheless, differently from the other uncertainty relations here it is
not dispersion of time but the exact value of the time interval which appears
in the formula .One can measure together the moment of time and the en-
ergy but energy can be non conserved in the limit given by the uncertainty
relation..
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6 Irreversibility of Time in Quantum Physics.

Can one have some new information on the problem of irreversibility of time
from quantum physics? There are two points in quantum physics where this
irreversibility is manifested.The first is in the wave packet collapse during
measurements, the second—7" noninvariance of the K%-meson and probably
B-meson decays.

Schrodinger equation in most cases is time inversion invariant, i.e., it
mantains its form if one changes ¢ — —t and simultaneously makes a com-
plex conjugation so that the imaginary unit ¢ — —¢. The exception is in the
standard model of weak interactions where due to the existence of a special
form of interactions between quarks and leptons the interaction term of the
Lagrangian or Hamiltonian is not invariant under 7-inversion, being invari-
ant only on CPT-inversion, i.e.together with the change of the sign of time
one must also change the sign for space—do space—inversion and also do
C-conjugation, i.e., change all particles on antiparticles. It looks as if some
new unity of space and time is manifested in these rather rare decays! Why
after all together with going backwards in time one must also change right
on left in space?

CPT-symmetry says that in Nature one must see equal number of pro-
cesses with particles with one direction of time and processes with antiparti-
cles in the other direction of time and left direction in space changed on right
direction and vice versa. All this can have serious consequences for cosmology
when one deals with apparent asymmetry between particle and antiparticles,
created in the early Universe by the strong gravitational field of the expand-
ing Universe. Nevertheless, it is totally unclear how this small asymmetry is
connected with the total arrow of time manifested in the macroscopic world
discussed by us previously.

Now let us discuss the second, more general, asymmetry due to the wave
packet collapse. During measurement one has two processses—the first is
of getting the mixture from the pure state, the second is registration by
the observer of one of the members of the mixture. Surely this process is
irreversible—if one tries to use Schrédinger equation to go back in time one
does not receive the original wave function. Also, from the density matrix,
one cannot by use of the Schrodinger evolution to come to the initial pure
state.

However some critics notice that the situation here is similar to the en-
tropic arrow of time.Why all observers define the same arrow of time and
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not a different one ?

This is somehow connected with the Wigner friend paradox. Only if
all observers participate in one consciosness, one direction of time will be
defined. From this, one can even try to prove the existence of only one
consciousness (World consciousness) which may be due to the existence of
the same direction of time for all observers.

The other problem is that due to measurement—wave packet collapse
phenomenon—one can have a process where the density matrix becomes the
pure state. Why not to have a symmetry in Nature when both types of
processses take place? At some places the pure state becomes the density
matrix, at the other the density matrx becomes a pure state?

In quantum statistical physics one begins by writing an equation for the
density matrix which is reversible in time, and then using the so called
Zwanzig’s projector method one obtain master equation which is irreversible
in time. This projector method plays the role of Boltzmann ’s molecular
chaos hypothesis. It corresponds to the idea of measurement of special macro-
scopic observables. So, one can say that irreversibility in time occurs as the
consequence of some wave packet collapse procedure, as discussed by us pre-
viously, and we must say that we still have here the same problem—why all
collapses define one and the same direction in time?

6.1 Time in Some Models of Quantum Gravity.

Despite the fact that a convincent quantum theory of gravity is still not
formulated, there are some simple models based on the Wheeler-De Witt
equation, which are used for so called minisuperspace case. For the general
case, the theory is still not free from divergences. Also, some basic problems,
like, e.g., the role of observer in the Copenhagen interpretation (or in some
other interpretation, as e.g., the Everett interpretation etc.) are unsolved.
Quantum cosmology as a version of quantum gravity supposes quantiza-
tion not only of matter but also of gravity, this meaning quantization of the
space-time itself.
The complete theory is still not developed but there are some models
thanks to Arnowitt, Deser, Misner, Hawking, Wheeler, De Witt etc.?"!
Take the signature of the four dimensional space-time as (—, +,+, +).
Consider a compact spacelike 3-surface €2 dividing the 4-manifold M into
two parts, so that a time coordinate is defined, €2 corresponds to t = const.
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Write the metric as
ds® = —(N? — Ny N*)dt? + 2N da®dt + hapsda®da”,

where N is called the lapse function measuring the proper time separation
of the surfaces of constant ¢. N, is called the shift vector measuring the
deviation of lines of constant x® from the normal to the surface 2. Write the
action for gravity and matter as

S= / (Ly + Ly )dadt,

where
Ly, =+—gR.
After putting away some terms having the form of the divergence of some

vector one has,
2

m, 1
g:iﬁﬁ"“?wwﬁ%ﬁk%é+h53657
T

where R®) is the three curvature, h is the determinant of the three metric
tensor and

L

1, Ohags
Kap = (==

2N
Geor = éh%(h“‘shm—?h“ﬂhw).

+ 2N(a18))5
1

For a massive scalar field one can write,

1. .1 dp NP dp Oy

Ly, =-Nh?[N?(Z)2— 2T _[pof_No__ —

2 [ (at) [ N2]8x°‘8xﬁ

In the Hamiltonian treatment of general relativity one regards the com-

ponents hqg of the 3-metric and the field ¢ as the canonical coordinates. The
canonically conjugate momenta are

—(m*+ER) ).

oL, hzm?, oL
o= = — K —hK), K = g*"K,, =,
n ﬂ_ah’aﬂ 167 ( )7 g B> Ty 8(,0

The Hamiltonian is

H = /(ﬂ“ﬂhaﬂ + T — Ly — L)d*x
- / (NHy + NoH,)d*z
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where for £ = 0 one has,

m? 1. 7 dp 0
HO = ]_6m;l2Ga/3757Taﬂ7T76 - F’;h%Rb) + §h%(ﬁw + haﬂ 8,;0“ 8—;’; + m2()02)7

and .
1
Ga/gfy(s = §h_5(ha7h/35 + hmsh[h — h,a/gh,y(;).

The quantities N and N, are regarded as the Lagrange multipliers. Thus
the solution obeys the momentum constraint,

H* =0,
and the Hamiltonian constraint,
HO == 0

This corresponds to the ”absence of time ” ‘or the “frozen dynamics” in
quantum gravity!
For given fields N and N® on 2 the equations of motion are,

g o_od . _oH . 9H _ _ 0H
B et T o, T ke T By

The quantum state of the Universe is described by a wavefunction ¥
which is a function on the “superspace” : W-infinite dimensional manifold
of all 3-metrics hqp and matter fields ¢. Denote 7,5 a small change of the
metric hog and p a small change of ¢. For each choice of NV > 0 on 2 there
is a natural metric I'(NV) on W, namely

2
ds? = N’l[%G”"BV‘Sy Vo5 + 1h%;ﬂ]db':r:.
v 327 ad 0T g

The wave function does not depend on time ¢, because ¢ can take arbitrary
values under different choices of N and N,.This means that

HY = 0.

Taking
o )

@)™ = T w)

% (x) =
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one obtains the Wheeler-De Witt equation,
1
(—§A +ER+V)U =0

where A is the Laplacian in the metric I' and R is the scalar curvature of
this metric. Also, the potential is,

1 my (3) 3
V= [ haN[—-—2R® + A + u]d*z,
167

where )
w=T" - 2,
and A is the cosmological constant.
The Friedmann metrics correspond to the “minisuperspace ” models,
when

ds? = G*(—N?dt* + a*dl™?),

been included for convenience.

where, G% = 3
m

Then, the actlon for the minimal coupling is
1 1 0Oa k 1 0p
- _ = dtN3 il VA S i P/ 2 2
S 2/ NG, — @~ wlg) tmeh

where k = 0,£1 . Then, for closed spacetimes our action is finite.
The classical Hamiltonian is

1
H = §]\f(—cflwz + a’37ri — ka + a®*m*p?),

where

ada a® 0y
— Ty = ———.
Ndt’ % N ot

Then the Wheeler -De Witt equation results,

Tg = —

1 0? 0*
5]\7 exp(—3a)[w i + 2V (a, ) =0

where o« = Ina and

1
V= §(exp(6a)m2<p2 — exp4a)
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One can regard this equation as a hyperbolic equation for ¥ in flat space
with coordinates («,¢) with « as the “time”coordinate. Then there is a
question for a boundary condition. Hartle and Hawking supposed that,

lim ¥ =1.
a—r—00

Then, it can be shown that there exists a solution oscillating in the region
V' >0, |¢| > 1. This is very important, because then there is a possibility to
show how classical Friedmann closed spacetime originates from some quan-

tum era. Let us represent the oscillatory component of the wave function in
the WKB approximation. Write,

¥ = Re (C'expi9),

where C' is a slowly varying amplitude and S is a rapidly varying phase. S
then, satisfies the Hamilton-Jacobi equation,

oS oS

H > ) & :07 = 5 e = 75
(Ta, Ty, @0, ) Ty e T .

Then the first equation can be written as
Ef“b + exp(—3a)V =0,

with
% = exp(—3a)diag(—1,1)

and ¢’correspond to a, .
The wave function will sutisfy the Wheeler-De Witt equation if,
oC oC

AC + 2f“”8 ab +iCAS =0

where A is the Laplacian in the metric f%. Ignoring the first term in the
previous equation, let us integrate it along the trajectories of the vector field

Tz = 8(]

fab

where a new parameter “time "¢ is introduced by definition. Now, following
Hawking and Halliwell?”), let us proceed and investigate different regimes for
small values of the scale factor and large ones.

31



The oscillating solution starts out at V' = 0, |¢| > 1with 22 = 92 — ,

¢
and grows exponentially with

({;—(Z =m|p|, 86—? = —%mexp(i%a).

Let us look for a solution of this equation in parametric form. As it is
known, the line in the plane (o, ¢) can be written in the form a = a(t), ¢ =
p(t)-

At first, for not large time one has the inflation regime—exponential
growth of the scale factor @ and then for a oscillating ¢ one obtains a closed
Friedmann Universe(see [21).

It is interesting to see that at the singularity when a — 0, — —o0,
nothing specific occurs because we have the boundary condition that ¥ — 1.
If one interprets 1 as a “vacuum ” then the existence of the wave function
with this boundary condition and quasiclassical asymptotics for large scale
factor is called “creation of the Universe from nothing”

The “time” appears only for the quasiclassical region when a and ¢ are
large enough. The “origination” of time can be described as a consequence of
the quasiclassical form of the wave function: the wave function is such that
U = exp{iS} and S is extremal on some line in the plane (a, ). This line,
as we said before is written in the parametric form through a parameter t,
but the most simple choice of the parameter is to identify it with the scale
factor a itself! So, once one has a “larger” a , the “later ” is the time! In
this, we recognise the ancient Greek idea when time is identified with ideal
watches which here—differently from the movement of the planets— is the
expansion of the Universe!

Now let us make some remarks concerning this Wheeler-De Witt picture
of quantum cosmology.

1. Time does not exist when gravity is really quantized. It appears only
in the quasiclassical approximation, when due to the specific form of the
wave function it is possible to speak about a big probabilty ! of having some
trajectory in the plane—with two axes, one being matter, introduced by
some hypothetical massive scalar field, the other axis being the scale factor
of space. Nevertheless, there is no need for “movement ” in this time or
“going ” from one value of the scale factor to the other. In space one can

!Despite the fact that the word “probability ” does not have a clear sense in this form
of quantum cosmology when many words are used just on analogy with the standard
quantum physics.

32



also have “lines”, but it is not always that one observes different points on
this line “moving "on it.

2. There was an attempt by Don Page to construct a model of the “quan-
tum Universe ” for which due to “frozen dynamics” there is no time for the
whole Universe, while if one looks for a given “subsystem” of it one obtains
Schrodinger equation with time, and a Hamiltonian for the subsystem not
commuting with the full Hamiltonian. This however lead us into the problem
of the observer in a quantum Universe.

3. Putting canonical commutation relations in the ADM formalism in
quantum cosmology, means that quantum cosmology is some nondistributive
lattice and due to our idea of the Booleazation of non Boolean logic, time
is introduced by observer. Surely, this is totally different from the quasi-
classical time introduced through the quasiclassical wave function. It seems,
as in the standard quantum physics, that quantum cosmology strengthens
the fact that there are two different “times” in quantum physics—one due to
Schrodinger equation, the other due to wave packet collapse and the observer
measuring noncommuting observables. In quantum cosmology there is a pos-
sibility to speak about the “probability” of having “time” as the parametric
time or the probabilty to have quasiclassical “clocks ”!

So, some observer defining time due to the Booleazation process has the
possibility to define by his quasiclassical measurement parametric time which
he can then use in his deterministic predictions or retrodictions. As we ex-
plained previously both times are needed for human observer to do Booleaza-
tion and to have Boolean memory in order to have all properties of informa-
tion.

And now let us make some remarks on the “euclidean time ” idea much
popularised by S. Hawking in his papers, and even in a popular book?.
Euclidean spacetime has the signature of the Euclidean space, which is dif-
ferent from the pseudoeuclidean Minkowski spacetime. Writing the solution
of the Wheeler-De Witt equation in the form of the functional integral over
compact fourdimensional metrics Hawking tried to speculate on the physical
sense of these euclidean compact four dimensional spaces. Time in such a
space is totally identical to the space dimension. Pseudoeuclidean time is a
feature of quasiclassical approximation as we explained before. S. Hawking
even went so far as to claim that pseudoeuclidean time is “the illusion of the
human mind” (private communication to the author) while really the space-
time of the Universe is a compact Euclidean one, with no singularities, so
that singularities occur as artefacts of the erroneous quasiclassical reasoning,
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applied to the region where it does not work...

However no physically observable results were proposed to prove that the
euclidean metric has some sense different from the mathematical trick to
calculate the functional integral.

The main objection against euclidean physical spacetime is a deep con-
nection between pseudoeuclidean time and quantum physics. Imaginary unit
for time leads to the difference between Feynman functional integrals with
imaginary unit in the exponent and Wiener integrals used in stochastic the-
ories where instead one has the real value. This manifests the difference
between quantum theory with the wave function as the probability ampli-
tude and standard probabilistic theory. Another place where imaginary unit
is present is in the commutation relations,e.g., the commutator of the coor-
dinate and momentum operators is just equal to the imaginary unit. This
as was mentioned by Schtukelberg makes imaginary unit very important for
quantum physics with its complementarity of observables.

However let us discuss here the possibility of the classical signature change
in general relativity.Let us write the following 4-dimensional element

ds* = —oN*dt* + g;;(dz" + N'dt)(dz’ + N’dt)

where o defines the signature as 0 = —1 on some M~ and o = +1on M and
gij, N, N* are the standard 3-metric, lapse and shift functions discussed by us
previously.Geometries with the signature change are characterised by certain
junction conditions satisfied at the junction surface S. The first metrics of
this kind were obtained in the models of creation of the Universe from nothing
when one deals with solution of the Wheeler-DeWitt equation written as the
Euclidean path integral having WKB asymptotics discussed by us previously
here. This Euclidean form can be interpreted as describing some “tunnelling
effect” which on the other language can be obtained by using “imaginary time
7. So there is a temptation to look for some solutions of Einstein’s equations
with the change of signature for time. This temptation was realized in a
series of papers devoted to classical solutions of Einstein’s equations with
the signature change. It was found that such solutions do exist—some of
them satisfying strong junction conditions when the extrinsic curvature and
the affine comoving parameter derivative of matter fields must vanish, i.e.,
Kij|s:=0p|ls+ = 0 2321 Some solutions satisfy weak junction conditions
when all these values are continuous at the junction hypersurfacel?4. As
it was first mentioned by Teitelboim, the Hamiltonian approach does not
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determine the signature of the spacetime. There is no Einstein equation for
the lapse function and being arbitrary it has any sign. So one can replace
N? by some N(t) in the expression for the ds?. Then, we can find Friedmann
solutions of the Einstein’s equations with lapse function changing its sign at
some tg, but with finite density and pressure of matter at ¢,. However, at ¢,
some singularity, usually believed to be a kind of coordinate singularity, will
occur. One will have N(t) — 0, ¢ — 0, but the proper time s = [ /| N(¢)|dt
is finite if elapsed from the surface t;,. Time measured by ¢ “speeds up
indefinitely” relative to proper time s as one approaches the surface. Classical
realization of the quantum cosmology idea of Hartle- Hawking was made in
24 For some “time "—:= < ¢ < 0 one has the Euclidean compact four
dimensional sphere, while for the positive time one has Lorentz metric and
inflationary expansion.The Universe in the Euclidean phase “is ” but does
not “exist 7124, because one cannot perform experiments there. It has no
“beginning ” and is geodesically complete.

So, these examples show the possibility of the change of the signature in
classical general relativity while the physical sense of such a change and what
can be the “motivation” for it is not clear.

One can ask the following question: “If time arises according to our idea—
due to the Booleazation of the non Boolean logical structure, what is the
reason for it to be pseudoeuclidean and not Euclidean? ”. The answer can be
that it does not really exist, being a an ideal element like the imaginary unit
and cannot be measured as something external to mind! Superselection rule
for time and absence of the quantum observable as the selfconjugate operator
for time, then can be interpreted as due to absence in “the objective world
of nondistributive lattices” of such a “property”as time!

7 The Time Machine Problem.

The four dimensional point of view of Special and General Relativity the-
ory naturally puts the problem of possible existence of closed timeloops in
spacetime. Really, if time is just the fourth dimension of space-time and in
space closed spacelike lines exist, why there are no closed timelike loops?
The answer surely will be positive for the compact “euclidean ” spacetime.
But even if it is pseudoeuclidean, the success of the Special and General rel-
ativity treating time on the same level as space makes the problem open for
discussion.
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The idea of movement “back in time” was considered by Schtukelberg and
Feynman in order to describe antiparticles. This idea is still not refutable
in quantum field theory, where the standard interpretation uses the reinter-
pretation principle and makes always possible to call the electron moving
back in time a positron, with a positive charge moving in usual direction
of time. Vacuum loops for particle-antiparticle pairs form timelike loops in
Minkowsky spacetime. However, these loops correspond to virtual particles
and it is impossible to see any “movement” along them in any experiment.
That is why they are considered as only some mathematical trick in quantum
field theory.

The real problem of observable closed timelike loops originates in General
Relativity.The first man to speak about timelike loops— “time machines” was
K. Godel®! who in 1949 found a solution of Einstein’s equations describing
a rotating Universe with closed timelike lines. The stress-energy tensor for
the rotating Godel Universe has the form,

Tab _ Uan w2 ab
=p + 871_9 )
where p is the density of the dust and w is the vorticity of matter, describing
its rotation. Closed time like loops in Godel Universe are not geodesics,
and one must have acceleration in order to be on it. Oszvath [?/ and De
271 generalized Gddel’s Universe including electromagnetism and it occurred
that it is possible to be on the closed timelike loop due to the Lorentz force
acting on the charge. Even for the vacuum solution of Einstein’s equations
(so called Taub-NUT model) there exist closed timelike geodesics.
Then, for rotating black holes, described by the Kerr’s metric it was found
that for the angular momentum large enough so that

a® > m?,

where « is the angular momentum, m is the mass of the black hole, closed
time like loops occur.

Tipler found a solution of Einstein’s equations for an infinite rotating
cylinder source which similar to the Gédel case has closed timelike loops!'.
Tipler claims that the result can be valid for finite cylinder but with the large
enough angular velocity.

Gott found that closed timelike loops occur in the spacetime of the two
infinitely long cosmic strings.?®!
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Another class of “time machines” was discovered by quantum field the-
orists using the possibility to break standard energy conditions—positivity
of the energy density—for the vacuum polarization in the Casimir effect.
Morris, Thorne, Yurtsever?”), Novikov!*” found solutions of Einstein’s equa-
tions, describing wormholes and showed that relative movements of mouths
of wormbholes lead to closed timelike loops. So, the idea appeared to construct
time machine using the Casimir effect. Despite of the technical realization
of such a machine is far from possible, nevertheless the principal questions
of time machine paradoxes discussed previously mainly by science fiction
writers became the topic of serious scientific journals. Some authors call-
ing themselves “the Consortium”, led by K.Thorne, claim the possibility of
time machine, others following S. Hawking believe in the cosmic censorship
principle, forbidding the existence of time machines due to incompatibilty
of its existence with the quantum field theory in curved spacetimel®!l. So
the problem is discussed today not only in the framework of classical general
relativity but also in the quantum theory. In quantum theory time machine
will correspond to a new type of nonlocality-nonlocality in time! Nonlocality
in space is a general feature of quantum physics where so called entangled
states play important role.Is nonlocality in time possible?”Here again we ask
about ultimate difference of space and time! By the way Kurt Godel himself
as it is known B! considered his example of closed timelike loops leading to
the so called “grandfather’s paradox ” as proving the ideal nature of time
differently from space.

And now let us discuss some paradoxes arising in case of closed timelike
loops for the classical and quantum cases.

However before discussing the problem, following!*? let us discriminate
between “a time travel” and “time machine”. Time travel is possible for
example in the rotating Godel Universe. But here the whole Universe acts
as a “time machine 7. It is not “constructed ” by any engineer. Real “time
machine” is something engineerly constructed, so that only “after” some
moment of time one has it. This means that the usual science fiction scenario
to travel to Middle ages, etc., is not possible. One can say that in spacetime
there exists a time slice S so that to the past of it in J~(5), there are no
time machines.This explains according to “time machine theorists” why our
world is not full of “tourists ” from the future...But if it will be constructed
then those on closed timelike loops will go back in time...What paradoxes
they will see.

1. The grandfather paradox. This paradox was first formulated in science
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fiction literature. Can one go to the past and kill there one’s grandfather so
that to prevent to be born in the future? Surely the answer if using standard
logic is negative. If there is a closed timelike loop not all acts are possible for
the time traveller. This is called the consistency constraint. For the traveller
this means some constraint on his “freedom of will”. Mathematically, this
means that differently from the standard situation in mathematical physics
when any local solution can be extended to some global solution of the equa-
tion, in case of time machine not all local intial conditions (not contradicting
physical laws) can be realised—global solution influences on local conditions.
So, this is manifestation of nonlocality in time. In science fiction this is
expressed as “the random policeman argument ”. When the timetraveller
will try to kill his grandfather a policeman suddenly occurs close to him and
will prevent him from doing his act! In the physical context the problem was
analysed by Echeverria et all®3 and Novikov!®¥ for the “double mouths worm-
hole time machine” and billiard balls going through it. For this case, the ball
going into one mouth then arrives from the other mouth of the wormhole
at the earlier time, so that then it can collide with his younger self. If the
collision is such that, after it no ball can come to the first mouth, we have
a contradiction which is the grandfather’s paradox. However it is interesting
that one can find infinite number of collision situations with different angles
of scattering of one ball with respect to the other leading to the noncontradic-
tory situation when one ball after all comes to the first mouth! Contradictory
collisions are considered as impossible due to the selfconsistency condition.
From this simple example one can make two important conclusions.

(a) Global selfconsistency condition prohibits for some locally possible
situations to be realized (the “policeman” rule).

(b) If time machine will be constructed different possible selfconsistent
situations can be realized and usual causality from the past (before the first
meeting with the time machine) cannot give a principle for preference of one
of these to the other—for example, one scattering angle of the billiard ball
to the other— if both are consistent!

So a new kind of randomness due to some “branching” at the point of first
meeting with the time machine arises. From this, some authors claimed that
time machine has something to do with quantum physics with its probabilistic
nature. However, in quantum physics we do not have trajectories, and as we
shall see new problems like lack of unitarity of evolution arise for the time
machine.

Now, recall a theorem of S.Hawking (here we follow.?)). Hawking tries
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to investigate the problem—what it means to “switch” the time machine?
He assumes the existence of a partial Cauchy surface S such that a null
surface generated by null geodesics H(S) separates the portion of spacetime
with closed timelike curves from the portion without them.H ™ (S) is called
a chronology horizon. If all the past generated generators of H™(S) are
contained in the compact set, then H1(S) is compactly generated.

Theorem 1 Let M, gu, T be a cosmological model satisfying Einstein’s
equations .Suppose that M, guadmits a partial Cauchy surface S and that
T satisfies the null energy condition, i.e., T K*K® > 0 for every null vector
K®. Then,

(a) if S is non-compact, H*(S) cannot be non-empty and compactly gen-
erated, and

(b) if S is compact HT(S) can be compactly generated but matter cannot
cross H*(S).

This theorem shows that the “engineer himself ” constructing the machine
cannot put himself into it!

And now let us discuss situation with the time machine in quantum the-
ory.

2. First of all discuss the example in TaubNUT spacetime where the
chronology horizon is compact and generated by a smoothly closed null
geodesic. It is interesting that each time when the tangent vector of it is
transported parallel to itself around a loop it is expanded by a factor of
exp(h), h>0,indicating a blue shift.Making infinite number of circuits needed
to reach H*(S) the blueshift diverges. This is interpreted as divergence of
the energy density meaning instability of the time loop itself (or impossibility
to have it in Nature). However the blue shift of light close to the timeloop
is considered by some authors to be used in explanation of the sources of
gamma-bursts in the Universe...

Hawking put the conjecture of the cosmical censorship for time machines
claiming that due to quantum field theory effects the vacuum expectation
value of the stress energy tensor for quantized field < 0|/7%°|0 > diverges on
the time loop.

However S. Krasnikov %] and V. Sushkov [*% noticed that this divergence
depends on the quantum state used as bra or ket vector. They showed that
there exist states for which the expectation value is finite!

The next important feature of quantum theory with closed timeloops
present is breaking of unitarity of evolution. At first it was shown in B7 for
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Green functions calculated by using the path integral taking among the paths
the closed timelike loop. Then, in 3! it was shown that the Hamiltonian for
the situation with closed timelike loop is non Hermiteanone. Does it mean the
impossibility to have a time machine? Or the opposite—breaking of unitarity
occurs in measurement processes due to the wave packet collapse—so do time
machines have something to do with the measurement problem?

Resuming, one can say that the problem of existence or nonexistence of
time machine is today as controversial as the great philosophical question
asked in this respect by Kurt Godel: is time objective or ideal?

And now we will discuss the idea of origination of not only of time but
also of classical space in the early Universe as due to the difference between
Boolean logic of observer and non Boolean logic of the physical world.

8 General Remarks on Quantum Effects in
the Early Universe.

Investigations of quantum effects in early Friedmann Universe made by us
in the seventies %40 showed that the main physical effect in it is particle
creation in the special era of the Compton time from the beginning. It was
shown?%#l that visible number of protons and electrons (Eddington-Dirac
number) can be obtained due to creation of Grand Unification X bosons in
the early Universe by the gravitational field of the expanding Universe with
their subsequent decay on quarks and leptons with baryon and CP nonconser-
vation. Nevertheless the main problem still unsolved was creation of entropy
in the early Universe, leading to the large cosmological scale factor, esponsible
for the process of particle creation. It occurred that because particles played
a negligible role compared with radiation (entropy), the process of particle
creation was described not as self consistent process when gravitational field
itself was due to particles and vacuum polarization as their source. Instead,
some external gravitational field with still unexplained source was needed. A
self consistent model for the open case was found possible only for creation of
particles with the mass of the order of the observable Universe, when change
of the effective gravitational constant due to vacuum polarization effect is
taken into account.*?

Nevertheless if one considers only masses smaller than the Planckean
ones an interesting fact of the connection of the number of particles(particle-
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antiparticle pairs) with the number of causally disconnected parts of the
Friedmann Universe was discovered. Massive conformal coupled scalar par-
ticles, massive spinor and vector particles are created in such a manner as
if all virtual pairs, existing on the Compton length at the Compton time
from the beginning of the Universe, become “materialised 7 at later times
moving in the quasiclassical limit along classical geodesics of the spacetime.
But Compton length at the Compton time from the beginning is just the
horizon distance for that time. So, a simple reasoning leads to the conclu-
sion that particle creation is due to the “work of the tidal forces of gravity
on the Compton length being equal to the mass of the particle 7, so that
the number of particles created in the early Universe is of the order of the
number of causally disconnected parts in the volume of the Universe at that
time.

Here the “volume” is that which will evolve in the modern visual Uni-
verse, so that the difference between open and closed model is not important.
There is no particle creation in the De Sitter Universe differently from the
Friedmann Universe which can be due to absence of a natural definition of
time (the curvature is constant!) for this case. Only vacuum polarization
effects due to quantum fields are present in the De Sitter Universe which is
consistent with understanding it as originated from vacuum as its source.
This connection of particle creation in early Friedmann Universe with causal
disconnectedness seems to be some important fact about quantum physics in
the early Universe. Surely, particle creation from the vacuum by the strong
external field can occur even in Minkowski spacetime if this external field
is an electromagnetic one. In this case, there are no causally disconnected
parts and one can speak about wave functions extending on any distances,
about symmetrised or antisymmetrised many particle states, etc. Neverthe-
less, in the case of a causally disconnected Universe, it is not possible to
speak about overlapping wave functions for distances larger than the causal
horizon at some time. So, the situation is like existence of many discon-
nected Universes and quantum physics for such case will be different from
the standard description. Something like a superselection rule in Hilbert
space formulation will arise due to absence of superpositions of states for
disconnected parts. Nevertheless, differently from the “trouser Universe”, in
order to have a homogeneous and isotropic Friedmann spacetime one can-
not have some “fixed frontiers” of causally disconnected parts. Depending
on the positions of physical particles, these “frontiers” can be chosen arbi-
trarily up to indeterminacy of the Planckean length. This arbitrariness can
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be obtained if one can speak about different probabilities of localizing cre-
ated particles in different subdivisions of the volume of expanding space on
causally disconnected parts. One has the temptation to identify this prob-
ability measure with the entropy. So, in this case particle creation must be
accompanied by the creation of entropy and an arrow of time arise. It is easy
to understand the process of “thermalisation” of the Universe accompanying
particle creation due to existence of horizons—causally disconnected parts.
Really, vacuum of particles from which particles are created, similar to the
well known Unruh effect 3] when we have the trivial example of causally dis-
connected parts of space—the left and the right edges ,is seen by the particles
in one causally disconnected part as the “thermal bath” due to breaking of
all correlations existing in the vacuum. Instead of the quantisation in full
Friedmann space one must do quantisation in one (which can be any) such
part ."The boundary conditions for wave functions can be put on the frontiers
of the causally disconnected part, i.e., on the horizon itself which is the light
cone. Due to the property that the light cone is the characteristic surface of
the wave equation in curved space-timel*!! this boundary condition as in the
case of Unruh effect does not mean introducing any “boundaries” or “fron-
tiers” in space. So, one arrives to a situation similar to the quantum theory
in Milne’s Universe—particles move inside the light cone for some special
time from the beginning of the Universe. It is well known™*! that similar to
Unruh effect quantization in Milne’s Universe leads to special vacuum polar-
isation effect described by the “thermal bath” with the temperature defined
by the scale factor of the metric. For Compton time from the beginning this
temperature will be just the Compton one. Nevertheless, in cosmology it
is known that if one still has some temperature for the Compton time it is
much larger than the Compton one. For example, for X-bosons the Compton
temperature occurs for the time ¢ = 1073° sec and not for the Compton time
to = 107sec. This can have sense that Milne’s approximation is not valid
for the time close to the Compton one when the curvature of spacetime is
not negligible inside the horizon, but existence of the horizon leads to some
temperature as it is for the Milne’s case. So, differently from the inflation
models thermalization occurs not because of “interaction” of particles in some
pre Friedmann era, but just the opposite—it occurs like in Unruh effect, due
to “lack of interaction” between particles in causally disconnected parts. So,
global vacuum appears as the density matrix for each causally disconnected
part. This global vacuum can be prepared in Friedman space before particle
creation due to special conformal properties of Friedmann space (it is con-
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formally static and one can easily define vacuum in the static Universe) and
conformal invariance of wave equations in Friedmann Universe for massless
case.

An important question in cosmology is about origination of the classical
space and time. In our paper [l (see also [?l) there was proposed an idea that
classical time is needed in order to make possible observation of different
complementary properties of the quantum system described by noncommut-
ing operators or observation of the non Boolean lattice of properties by the
observer with Boolean mind getting information about it. Superselection
rule for time can be used for making noncommuting operators commuting
ones, taking different sections of Hilbert space divided by the superselection
rule. The same idea can be used for space if for causally disconnected parts
one uses superselection rule for space. Then, classical space is needed in
order to make observable different complementary observables, the number
of which can be made infinite (this can be an argument for infinite in space
Universel’!), so that again Booleazation of non Boolean lattice is made by
making “copies” of the same system and measuring different observables for
different copies.

This process of “copying” of the same quantum system can be under-
stood as “particle creation” with accompanying it vacuum polarization due
to which space-time arises in a self consistent way, so that one can “explain”
particle creation by the nonstationary metric of arising space-time itself.

Some hint to correctness of this “Booleazation ” idea or “making all
Everett worlds realized” in the existing Universe can be taken from the well
known observation (see Terazawa in [4°1) that the number of protons in the
Universe is equal to the ratio of the surface of the sphere with the radius of the
observable Universe to the area of the Compton length of the proton. This
can be understood as realising all possibilities for the direction of the spin of
the proton in the modern era of evolution of the Universe.Universe is such
that all quantum possibilities for spin projections of the proton are realised
in it.And modern Universe is proton-electron (not quark, etc.) dominated.
All this can be understood due to the anthropic principle in cosmology. We
see the Universe as having this age, this size, this particle content due to
consistency with existence of the observer with his proton-electron dominated
body.

Our investigation here is organised as follows. First we discuss some facts
on particle creation and entropy in the early Friedmann Universe. Then we
investigate the possibility for understanding origination of classical space-
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time due to the idea of the difference between non Boolean logic of the world
and Boolean logic of the observer, realizing J. Wheeler’s idea [*° of getting
physics from logic.

8.1 Particle Creation in the Early Friedmann Uni-
verse.

Here we shall reproduce some known facts about particle (particle-antiparticle
pairs) in the early Friedmann Universe.

The metric of the isotropic homogeneous Friedmann space-time,used in
the Standard model in cosmology is taken in synchronous reference frame
so,that the interval can be written in differential form as

ds® = cdt* — aZ(t)dﬁ,

where the space interval can be defined for all three cases of the closed, open
and quasieuclidean cases. The standard heuristic evaluation of the number
of created particles in the early Universe is as follows. Let us write equations
of geodesic deviation:

d2

ds?
where u'is 4-velocity, n¥is a spacelike vector of geodesic deviation and R’ k1 1S
the Riemannian curvature tensor. Taking in some reference frame u’ = 1,

=0, a =123, n" =0, looking on d n'as on some “acceleration” and

mult1ply1ng both sides of our equation by the mass one obtains the “tidal
force”. A condition for particle creation means that the work of the tidal
force on the Compton length of a particle is of the order of m. To obtain
this one must multiply both sides of our equation besides m by the Compton
length I, = m™!, and equate this to m. In this way one obtains a condition
for particle creation:

_lelu’] k l

| Rigo | 17 = m?.

For the usual Friedmann model of the Universe this value of | R, [occurs
for the timet = m=!.

So, this shows that a pair of particles can be created on the Compton
length at the Compton time from the beginning of Friedmann Universe .But
what is the geometrical meaning of the Compton length at the Compton
time of evolution of the Friedmann Universe? It is the size of a horizon at
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that time! The “volume” of the Universe at that time is evaluated as a?(t),
so the amount of created particles is evaluated as the number of causally
disconnected parts,

The particles created in causally disconnected parts due to the expan-
sion of the Universe “meet ” in general space after disappearance of causal
disconnectedness and today we can see all these particles inside the horizon
distance for modern time.

Surely one can ask in what sense this heuristic evaluation is correct?
Can one always say that the number of created particles can be obtained by
dividing the volume in which external field has some critical value on the
Compton volume?

The general answer is negative. Generally vacuum has some “corrella-
tions” for distances larger than the Compton ones. This can be easily seen
from the general expression of the vacuum in terms of “pairs ” using Bogoli-
ubov’s transformation describing a change of the vacuum due to dependence
of the Hamiltonian on time and its nondiagonality in terms of creation and
annihilation operators. It is “entangled” state like the ground state of the
superconductor.

But for particle creation in Friedmann space exact calculations made by
us previously without any euristic calculations confirm that the number of
created particles in this causally disconnected space (which is totally different
from causally connected Minkowski or De Sitter space) is of the order of the
number of these parts. This can be confirmed by exact calculation of the
correlation function for created pairs (see ). This function goes to zero
for spacelike distances larger than the Compton’s one .As to the number of
created pairs for the X-boson of the grand Unification scale it is

(1027¢t) 2

Nm:c -
(2ct)?

li—ma—1= 108

Exact calculations Bl give some factor b®), where s is the spin of the
particle. For zero spin particle b = 5-107%, and N,,, is of the order of
Dirac-Eddington number of protons in the Universe. If these X bosons then
decay with baryonic charge and CP violation on quarks and leptons one can
obtain the observable numbers of protons and electrons. As it was said before,
an interesting fact is that one can obtain the observable Eddington-Dirac

45



number of protons in the visible Universe dividing the area of the surface
with the radius of the Universe R = 10*®cm on the surface S = [?,where [, is
the Compton length of the proton. This can be interpreted in the sense that
in the isotropic Friedmann space particles were created in such a manner that
all potentialities for some degree of freedom, for example spin projection of
the proton, are realised. At the same time this is just the consequence of the
isotropic and homogeneos nature of the Friedmann metric itself. Really, to
the proton corresponds some Compton area with some spin vector attached
to it. And so it is not infinite but finite number of potentialities for spin
directions that can be seen by some observer today as realized in the Universe
with finite radius. In other words one can say that if something like a wave
function of the Universe exists than it describes all different “Everett worlds”
for proton as realized in it, which is different from what one sees as realized
in the quantum particle experiment where only one potentiality is realized
at the fixed moment.

Exact calculation of particle creation in the Friedmann Universe made
by us previously was due to calculation of the vacuum expectation value of
the stress-energy tensor of the quantised scalar, spinor and vector massive

fields in curved spacetime < 0| ﬁk |0 >. This expression, which is finite
after making three well known regularizations, has different forms for the
time smaller then the Compton one and the time larger than that. For small
time it is dominated by the so called vacuum polarization terms and for large
time it describes created particles with the dust like equation of state so that
created particles freely move in expanding space along geodesics of it. So the
general structure is,

< 0|T5k]0 >peg=< Tit, >c 01+ < Tip >0 + < Tigg >m,

where k = 1 for the closed Friedmann space and the first term is the Casimir
term for this case.The second term describes vacuum polarization present
even for the massless case and leads to the conformal anomaly-it can be
expressed through geometrical terms and does not depend on the choice
of the vacuum state.The last term depends on mass—it describes particle
creation as well as some geometrical terms depending on mass. For example,
for t < m™', m? < |RF| < G~! for conformal scalar particles one has

2 4 X
(0) . m m R
< T’ >m= gggaa G T Togratin (o)
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where R*is some invariant composed of curvature tensors of dimension m?.
The first term being put into the right-hand side of Einstein ’s equations leads
to a change of the efective gravitational constant so that a new gravitational
constant for very strong field is some Gy and

m2

-1 _ -1
(87TGeff) = (87TG) + —2887T2

=7 '(8rG) .

Here G is the modern value of the gravitational constant.

For ¢t > m 'the leading term depends on the choice of the vacuum,it
describes real particle creation and has the form,

20
<T§>m:5m,|<T§‘>m|<<<T§>m.

Here the constant b depends on the spin of the particle and on the behaviour
in time of scale factor of the Friedmann model.For example calculations give
b = 5.10~* for spin zero and b = 3,9.1073 for spin one half particles and
radiation dominated Universe.

So, these were results if one does not take into account causal disconnect-
edness of the early Friedmann Universe which necessarily will lead to change
of the global pure vacuum state into some density matrix or mixture of states
similar to the well known Unruh effect. For the Unruh effect, existence of the
particle horizon is manifested in the change of the Minkowski vacuum into
some heat bath with the density matrix. So,we claim that for ¢ > m 'one
has

2bm
0o _ 0
< Ty >n= - + Toors
where T, describes vacuum polarization due do existence of particle hori-

zons. It can be described by some temperature and entropy and it is this
term which plays the main role in the early Universe and which accompanies
particle creation term.

Let us discuss some important aspects of this calculation.

1. The notion of particles in curved space-time. Particles can be defined
as point like objects moving along geodesics of the curved spacetime. It is
well known that despite of all discussions about the definition of quantum
particles in curved spacetime, experimentalists, measuring primordeal radia-
tion or cosmic rays know well that their particles move in quasiclassical limit
along geodesics arriving to the earth from other galaxies or the Big Bang it-
self. So, the main mathematical problem is to answer the question: to which
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quasiclassical limit of what Fock quantization in curved spacetime do these
particles correspond? One can think that particles in this classical sense can
be defined in any space, be it isotropic or anisotropic. For Friedmann space-
time the answer was given by us using the principle of diagonalization of the
Hamiltonian of quantized field in curved spactime. The main problem for
particle creation is to show that if the stress-energy tensor-vacuum expecta-
tion value of the operator tensor of the quantized fields for some early time
did not have the form of the dust of particles in curved space and could be
understood as vacuum polarization, at the latest time it has the structure of
the stress-energy of the dust. If it is the case (and our calculations show it
is!) our theory “explains” particle creation. The results for particle density
are finite for massive scalar conformal particles and spinor particles. For
minimal coupled scalar particles as well as for longitudinal components of
massive vector bosons and gravitons it is not finite.But as it is known mini-
mal coupled particles in the clasical limit (as well as longitudinal components
of vector bosons and gravitons) do not move along geodesics*®! and in this
sense are pathological. Nevertheless, in our paper” it was shown that if one
takes into account the nonlinear selfinteraction term, then due to change of
the vacuum (spontaneous breaking of symmetry) physical particles become
conformal coupled. So, one can use results for conformal particles for these
particles too.

2. The problem of vacuum.There were no particles in the early Friedmann
Universe. The simple argument is that due to causal disconnectedness when
the size of the horizon is smaller than the Compton length there is no “place ”
for a particle to be located in the expanding space. In Friedmann spacetime,
due to the property of conformal invariance of field equations for massless
case one can go to quantum theory in static case where a conformal vacuum
as the ground state of the Hamiltonian is well defined. Vacuum as the ground
state of the Hamiltonian constructed via the metrical stress-energy tensor is
defined also for the massive case. This vacuum coincides with the conformal
vacuum in the massless case and was used by us in our calculations of particle
creation. So, the results of our calculations show the rationality of our choice
of the vacuum.

3. Entropy problem. Nevertheless, these calculations in no sense took into
account the property of causal disconnectedness of the Friedmann Universe.
Our idea now will be that causal disconnectedness leads to appearance of
entropy. Really, if one has some volume defined by the scale factor of the
model as a(t), then one can divide it on many causally disconnected parts
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by different ways. The number of different possibilities of the division of
the fixed volume on causally disconnected parts can be evaluated by the
dimensionless number a®(t)/I3, where I, is the Planckean length as some
“atom” of the length.The ratio of this number to the number of causally
disconnected parts(which is of the order of the number of created particles)
is for X'-bosons li/l;’l ~ 10'2 — 10", which is not far from the experimentally
observed entropy of the Universe. So, the idea for the particle creation will
be to put instead of our vacuum, the density matrix of some temperature
distribution leading to the observable entropy and to use the expectation
value of the stress -energy tensor of the quantised X-boson field as the right
hand side of Einstein’s equation to produce the metric of the Friedmann’s
space-time metric. This leads to a new form for the stress-energy tensor for
time larger than the Compton one. Due to heuristic considerations given
before it seems natural to think that the main contribution for particle cre-
ation will be described by the same term, while for the vacuum polarisation
the whole density matrix for virtual particles (like in Unruh effect) must be
taken into account. The right value of the entropy garantees correct value
of the stress-energy tensor and of the scale factor which now will have the
cosmological order. The temperature arising due to the entropy also will be
of the correct order. The structure of the Tj ,can be understood from the
analogy with the structure of the stress-energy tensor for the Unruh effect
and more closely in the Milne’s Universel*!, describing the inside of the light
cone in Minkowski spacetime. For massless particles (and if the effective tem-
perature is larger than the mass one can always neglect the mass) one has a
Planckean distribution of virtual particles with the radiation like equation of
state p = €/3. The scale factor for the Milne’s Universe is a(t) = ¢, and the
temperature will be the Compton one for the Compton time which surely
is not the case for cosmology. But early Universe is far from Milne’s Uni-
verse even inside causal horizon,s o the temperature arising due to existence
of particle horizon will depend on the real scale factor. If one can neglect
mass for energies (temperatures) much larger than the mass one can use zero
mass approximation and get just radiation dominated Universe with correct
temperature if correct value of entropy is obtained. Here we put the hypoth-
esis that the value of entropy due to existence of particle horizons and that
obtained by counting the number of different possibilities to obtain causally
disconnected Universe is the same number! This garantees the correct cos-
mological order of the temperature. Exact calculation of the T , can be

Opo
made if one in analogy with the Unruh effect takes some global vacuum for
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the whole Universe evolving into the volume observed today. Then, one puts
a boundary condition for the complete set of functions used in quantization
inside one causally disconnected part at the Compton time.This boundary
condition can be put outside of the fixed region. Different subdivisions of
space on causally disconnected parts will lead to different boundary condi-
tions. So, the density matrix will arise. Surely exact calculation here is more
difficult than in the Unruh effect. Exact calculation of the Tgpol can be made
if one puts the boundary conditions for the complete set of solutions inside
one fixed causally disconnected part at the Compton time. In analogy with
the Unruh effect this boundary condition can be put on the light cone out
of the fixed region. Different subdivisions of space on causally disconnected
parts lead to different boundary conditions. This leads to the density ma-
trix. Vacuum state inside one causally disconnected part playing the role of
Rindler vacuum for the Unruh effect will look as some thermal bath for the
observer inside in terms of particle created . It is just nonzero expectation
value of the stress-energy operator over this state that gives T,ﬁpol.

And now let us discuss our next proposal to consider entropy creation,
time arrow, particle creation and origination of space-time itself as one and
the same process.

9 Origination of spacetime due to Booleasa-
tion of non Boolean Lattice.

Let us start this section by recalling some basic points of our quantum logical
interpretation of quantum physics and the role of time in it. Taking the idea
of the ultimate difference between the logic of consciousness as Boolean one
and the logic of the world as the nonBoolean one, one comes to the idea of
how mind “invents” time in order to “grasp” the non Boolean reality. In non
Boolean logic it is possible that

a—true=aA (bVc)— true,

despite the fact that
b— false,c — false,

which is a contradiction for Boolean mind. To be free from contradiction
Boolean mind invents some parameter, called t¢me, so that either “b” or
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¢” becomes true at some other moment of time. These b, ¢ are still in-
compatible with a because they occur at different moments of time. So,
becoming and the so called wave packet collapse when noncommuting oper-
ators are measured at different moments of time are explained by one and
the same cause. From this point of view, time is needed for observing dif-
ferent complementary observables, described by noncommuting operators in
Hilbert space. Due to the so called “superselection rule” for time, meaning
absence of interference terms for different moments of time Hilbert space
can be understood as the direct sum of spaces H = H;, ® H;,®... Then, to
noncommuting operators A, B in the space H;, there correspond commuting
operators for different moments A, , By,. Let us call Booleazation of non
Boolean structure, this possibility of making noncommuting operators com-
muting for different sectors of one Hilbert space due to the superselection
rule .

And now, let us discuss the generalization of this procedure to obtain
space.

If we analyse our idea of origination of time we shall see that one makes
many copies of the same system for different moments and this copying pro-
cess one calls evolution in time. Generalization of this idea for space will
mean that non Boolean structure existing here and now for Boolean mind
will be copied in space as many identical particles or copies in different points
of space which is just invented by mind for this reason. So, one solves the
above mentioned paradox of the non Boolean logic by saying that either b
or ¢ is true at the other point separated from the previous one by a spacelike
interval. Noncommuting operators at the same point become commuting if
taken at different points of space separated by a spcaelike interval! This
process of copying, leading to origination of space looks like particle creation.

So, from our point of view spacetime exists because of existence of the
quantum systems (System}.This is close to Leibnitz point of view, where
spacetime describes relations between “things” and do not exist without
them. Also, similar to Kant’s view, space and time are apriori forms of
reason and arise due to the possibility for a Boolean mind to observe non
Boolean world! From this point of view, there is no necessity for “quan-
tization” of gravity, for if it is just the curvature of spacetime. Here, we
agree with such relativists as L. Rosenfeld and L. Infeld who opposed the
idea of quantization of gravity, understanding gravity as geometry but not
some “material” object! Nevertheless, surely one can enlarge geometry for
the noncommutative case and in this sense gravity can be understood more
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generally.

For space, usually if one has states of many-particles at different points,
one uses as Hilbert space of the system, not the direct sum of Hilbert spaces
associated to each one of the particles (as is the case for the Hilbert space
resulting from time with superselection rule), but the tensor product. For
tensor products one also has a Booleazation effect. Suppose, for simplicity
that we have two identical particles, whose “individual” states are rays in
the Hilbert spaces Hiand Hy, = H; = H. Consider twof noncommuting
operators A , B on the Hilbert spaces H; and H,. In the Hilber space of
the two particle system, H;® H, operators A and B, become the commuting
operators A® 1,1 ® B. But, if there is no superselection rule for space one
can also have superpositions of states at different points, so that the space is
not really classical. The situation becomes different in the case of a causally
disconnected space as is the case of the early Friedmann spacetime. Here,
one can speak about superselection rule for space either!

At each causally disconnected part, some property of the non Boolean
lattice, which can be described, e.g., as a toy model of X-boson observables
or superstring, some property is realized. In the totality of all causally dis-
connected parts all properties of the non Boolean lattice are realized. Using
Everett’s conjecture, one can say that in infinite (open case Friedmann Uni-
verse) all potentialities are realized at the same moment of time in infinite
space.This can be an argument for the open Universe and more deep— un-
derstanding of the meaning of its infinity as manifestation of the infinite
dimensional Hilbert Space!

So we propose the following scenario of the origination of the Universe.

1. A Non Boolean lattice of properties defining some “universal ” quan-
tum system, of which all elementary particles with their properties are just
some manifestations is realized for a Boolean observer “here and now ”as
many particle (particle-antiparticle) system, when one and the same lattice
is “copied ” many times in space and time used by the Boolean observer
to form some Boolean system of commuting observables representing in this
manner the original noncommutative system.

2. Taking as the toy model X-gauge meson with spin 1, it is possible
to say that an infinite number of space-like intervals is needed in order to
realize an infinite number of projections of its spin. For pairs of particles
this corresponds to the EPR ideal*”! of measuring noncommuting operators
of one particle if one has a two-particle system with satisfies some global
conservation law. Our non Boolean lattice of properties must contain such
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a property as quantized particle-antiparticle field as well as the particle and
antiparticle numbers.

3. The process of “observation ” of the non Boolean lattice which is
the same as creation of space and time together with particle creation is
accompanied by entropy creation leading to origination of the time arrow.
This entropy arises due to the existence of different possibilities to distribute
the created particles in causally disconnected parts of the Universe evolving
to the volume observable by modern observer. Up to the Planckean scale no
space point is preferable to any other.

4. Copying in space understood as particle creation in a causally discon-
nected Universe is accompanied, due to Einstein’s equations by origination
of the curvature of evolving Friedmann space-time, so that in some sense
energy conservation is valid if one understands this process as creation of
particles by the gravitational field..

5. Future protons and electrons originate through the creation of X-
bosons at the Compton time from vacuum due to gravitation field of the
expanding Universe with baryon charge and C'P nonconservation leading to
the baryon asymmetry which we observe today.

6. Despite the fact that the real Universe belongs to the open type and is
infinite, human observers can observe only a finite part of it! This part today
is “proton and electron” dominated and is such that all “spin potentialities”
of these particles are realised in it. Entropy is present in the modern Universe
in the form of Primordeal radiation which in a sense is like Unruh radiation—
just some property of vacuum in expanding Universe.

7. There is no need for gravity quantization in such a theory because space
and time are understood as artefacts invented Boolean minds to observer a
non Boolean structure.

8. Despite the fact that the idea of “Booleazation of the Non Boolean
lattice” can explain the origination of space and time, there is a difference
between space and time in the early Universe. Different points as centers of
Compton intervals for the quantum system are not fixed and can be arbitrar-
ily moved on the Planckean length leading to different possibilities realized
in a fixed volume. This leads to a necessary connection of homogeneous
space and existence of the entropy. Nothing of this kind occurs with time,
which can be and really is inhomogenuous (as it must be in the Friedmann
Universe).

Differently from the inflation’s idea, copying’s idea of Booleazation of
a Non Boolean lattice, can explain the homogeneoity of the Universe and

7
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thus solve the horizon paradox (same temperature for causally disconnected
parts) without any extra hypotheses, like the inflaton field, etc., and leadis
naturally to the open Friedmann Universe. Finally, let us recall that the
special role of observer, which is manifest in our approach, can explain the
validity of an anthropic principle in cosmology.

10 Time in Quantum Topology.

One of the important problems of modern quantum theory is the problem
of quantum topology. Can one have some description for quantum topology,
where the topology can be randomly changing? For quantum gravity as we
said earlier one can have superspace, which has the structure of usual Boolean
(distributive set) of different matrices. But, if the topology is stochastic, what
is the structure, if any, of the appropriate set of events? Can one introduce
a Kolmogorovian probability measure or probability amplitude (the wave
function) for these stochastic topologies? The next question arises when the
topology can change. Can one try to introduce some object, playing the role
of the “conjugate momentum” for topology, so that an analogy of canonical
quantization can be developed? Some steps in this direction were made by
C. Isham and his coworkers®.

Physically, this problem is important for modern superstring theory and
there are views that some differences with the usual quantum theory breaking
untarity of time evolution can arise. There is also an opinion that quantiza-
tion of topology is necessary for Planckean scales of spacetime, when gravity
must be quantized. Different topologies can lead to diffferent causality re-
lations and there is an idea that quantization of topology must be at the
foundation of any quantum theory of gravity if such a theory will be in-
vented. At last, there is a possibility®! that some aspects of the identity
principle and Pauli principle can be understood in terms of nontrivial topol-
ogy in configuration space for many particle system.

In our papers %7 we investigated a toy model of topologies for 3 points
and showed that even on the initial level, before some quantization, with-
out speaking about any Planck ’s constant, one has something similar to a
quantum structure, in the sense of absence of the Kolmogorovian probability
measure for the lattice of topologies.

There are two important features for the topology-lattices of 3 and more
points which make this system different either from the usual probabilistic
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space (as phase space in classical mechanics) or from the usual quantum
system (quantum logical lattice). The first is the nondistributivity of this
lattice, making it different from any classical system. The second is that it
is not orthomodular, which means that it does not admit any definition of
logical negation, which makes it different from any classical system.

In paper [ we constructed some matrix representation of the lattice of
topologies for 3 points and it occurred that contrary to quantum systems the
arising operators are not self conjugate , being only idempotents. This leads
to the absence of a wave function description for topologies.

So there is still the question, if topologies are stochastic, what mathe-
matical formalism can describe this stochasticity? The answer was found in
our paper®: in order to have natural definition of negation for any topology
we must double the lattice of topologies! For our model, this is again the
same “copying trick 7 which was used by us before, introducing time and
space as resulting from to the difference between the Non Boolean structure
of quantum systems and the Boolean structure of mind. But now, the dif-
ference is that next moment of time is necessary to introduce negation, so
that one can say about some property not only what it is, but also what it
is not! So, differently from the standard quantum logic, here yes-no values
are given to properties for different moments of time. One can say that even
the ezistence of the system itself as this and not that can be conceived only
for two different moments of time. At the fixed moment of time one cannot
characterize properly the system in logical terms.

So our doubling can correspond to the new role of time for the lattice of
topologies .If any topology is defined at some moment of time, its negation
will be defined at some different moment. Other interpretation would be the
introducition of a new degree of freedom, dual to topological one. If a quan-
tum object has “topological degree of freedom”, in order to have negation
one comes to the necessity of some other dual degree of freedom, described
by the lattice, dual to the lattice of topologies. For the case of 3 points, this
lattice is the same as the original topological one, but generally, for more
points it is different. So, for the case of more points our doubling will not
correspond to copying of the same system, but rather like for noncommuting
coordinate and momentum, one measures coordinate at one moment of time,
momentum at the other. Dual lattice can be called non topological lattice in
analogy with J. Wheeler’s yes and no geometries. Our idea of using time for
interpreting the doubled lattice—when to the original lattice, the dual lattice
is added with identification of the bottom 0-element and the up 1-element—
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is based on the following observation. If the same collection of sets forming
the topology is present in the lattice and the dual one and in the new lattice
they intersect at the 0-element, then it is natural to interpret this as mean-
ing that they are taken at different moments of time, being different due to
different values of time parameter. It is not necessary that the dual lattice
must be identical with the original one for this interpretation to be valid.

Investigation of the new structure made for our toy model for three points
leads to a Hilbert space formulation, which is in some respect similar to
“histories approach” of Gell-Mann, Hartle, Isham®*®! . As a result, we
obtain a Hilbert space formulation with wave functions for topologies and
self conjugate operators for topologies with natural orthogonality. Differently
from the usual quantum theory, a probabilistic interpretation will be possible
only for some cases of vectors and observables. The most interesting new
feature that arises is due to the new role of time—it 1is the breakdown of
the superselection rule for time, resulting in appearance of superpositions of
vectors for different moments of time!

And now let us proceed to more formal material.

10.1 The Topological Lattice for Three Points.

We begin with a brief review of principal definitions. Let X be an arbitrary
set. A topology on X is a collection 7 of subsets of X, called open, such that

T]_)O,X S T,
TL)WA, B € T=ANDBEeT,
T3)VAj7j S J,UA]' cT,

where J is an arbitrary index set.
The topologies on X are partially ordered: o is said to be weaker than 7
(denoted o < 7 ) if any set A C X, open in o is open in T,

VACX Aco=Aer.

Here we restrict ourselves to a case where the set X has only 3 elements .
For topographical simplicity we use the following brief notation for topologies.
Let X = {a,b,c} then istead of {0,{a},{b},{a,b},{a,b,c}}we shall write
ab(ab).
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For instance,

a(ab) denotes {0, {a},{a,b},{a,b,c}},
a(be) denotes {0{a}, {b,c}, {a,b,c}}

An important property of the lattice 7(3) (see Hasse diagramm in our
publication [7) is its nondistributivity. To see this, take three atoms a, (ac), c
of the lattice and consider

(aVe)A(ac) = ac(ac) A (ac) = (ac),
(a A (ac)) V (cA(ac)) = 0V0=0.

In the sequel we shall work not only with atoms but also with coatoms
of 7(3). There is another equivalent way to describe topologies on X which
uses the notion of convergence .Namely, a sequence xi,...,z, of elements
of X tends (or converges) to o € X if and only if for any open set U
containing xy there is a number N such that z, € U for all £ > N. When
the set X is finite, the above definition becomes the following. Consider two
elements z; 29 € X . Then, 2y — wx, if x1belongs to the smallest open set
containing x,. Therefore, we can specify a finite topology by listing all pairs
of converging points. In particular coatomoic topologies are so strong that
they contain only one pair of converging points. For example, ¢ — ¢ means
that the topology is be(be)(ac).

Another important feature of the topology lattice is the lack of negation.
That means that no operation : 7 — 7 can be defined making the lattice
7 orthocomplemented. For the lattice 7(3) this impossibility has a simple
explanation—any finite ortholattice must have even number of elements while
7(3) contains 29 elements.

10.1.1 The Doubled Lattice

In order to introduce negation in our lattice we suggest the following con-
struction. Double the lattice of topologies, understanding the initial one 7(3)
as corresponding to one moment of time ¢; and the second copy, consisting
of negations of the first one, corresponding to another moment ¢,.

This new role of time means that “yes” and “no”-s must be considered
at different moments of time for topologies!

In order to make the topology lattice a structure closer to the conventional
quantum mechanical formalism, we introduce its elements by operators .In
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[ this was done by introducing a couple of linear spaces, rather than one
Hilbert space as it is the case in standard quantum mechanics. Here we shall
apply the duplication procedure to the lattice 7(3) in order to represent its
elements by operators in a Hilbert space.

So, the doubled lattice L will have the form of the horizontal sum (for
details see [52') lattice 7(3) and 7(3)° (where (.)°’means the order reversed
lattice (see also °2). Let us describe this procedure in more detail. The lattice
7(3)°is built from 7(3) by reverting it: the smallest element 0 becomes the
greatest one and so on. To distinguish the elements of 7(3) and 7(3) we
denote the elements of the latter as a, (ab), (b — ¢), and so on.

The next step is to form the horizontal sum 7(3) @ 7(3)°. It is done by
putting these lattices together (no pair of elements from different parts are
comparable), and then identifying their greatest and least elements:

0=1,1=0

There are atoms in the lattice (there is only 0 below them) and coatoms
(there is only 1 above them). In 7(3)°, atoms are negations of coatoms and
coatoms are negations of atoms. So, generally if the number of points is larger
than 3 the lattice 7% can have other number of atoms than 7 and will be
different from any lattice of topologies and can correspond to some degree of
freedom “dual ” to topological degree of freedom. The resulting lattice L now
posseses the natural negation operation: L — L of orthocomplementation:
for any x,y € L,

(xVy) = zAy,
xVx = l,xAzxz=0.

However in the case when 7(3) is the topology lattice ,L being orthocom-
plemented is not orthomodular.The orthomodularity law

a<b=aV(dADb)

is violated. Here the point is used for the complement.That is why L =
7(3) 4+ 7(3)? is not a quantum logic.The structure of L can be visualised as
two copies of the original Hasse digramm put together and having common
greatest and least elements.

10.1.2 Some Basic Features of the Matrix Representation of the

Doubled Topologies Lattice.
In our paper with R .R. Zapatrin? a formalism has been introduced, where

the elements of the doubled lattice of topologies are representedby 12-dimensional
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matrices. As it is known, elements of the quantum logical lattice are repre-
sented by self conjugate projectors in Hilbert space. Similar construction was
made by us for topologies. A 12-dimensional Hilbert space was constructed
with the scalar product defined by the “sandwich matrix ”of the doubled lat-
tice. Each element of the lattice is then represented by some 12-dimensional
Hermitean matrix. It was found the algorithm for lattice operations V, A
which due to lack of modularity of the lattice is different from the case of
quantum logical lattices.

Now, when the elements of the lattice L are represented as projectors
in H one can investigate the well known quantum mechanical formula for
transition probability,

Pr(g, ) =| < ¢,¢> "

A new feature of the system was found: if u,v are orthogonal atomic
properties, then the Kolmogorovian law for the probabilistic interpretation
holds if and only if the state of the system is their superposition,

Vv = kyu + kov.

But this superposition is a superposition of vectors taken at different
moments of time! It follows that the superselection rule for time is broken
for our system, which makes it different from standard quantum mechanical
systems.

11 Everett-Wheeler-DeWitt and Histories Ap-
proach Interpretations of Quantum Physics

And now we shall briefly comment the problem of time in other than Copen-
hagen interpretation of quantum physics. Whe shall concentrate on the
Everett-Wheeler-De Witt interpretation and in the histories approach.The
original idea of Everett!®® was to use only one type of time evolution in
quantum physics instead of the usual two kinds of evolution, the one due
to measurement and the other due to Schrodinger evolution. For this, one
uses the idea of “existence” of many Universes, where all potentialities for
any quantum system are realized. This ensemble of infinite number of Uni-
verses evolves according to Schrodinger equation. However, the observer has
relation with only one of the copies of his Universe. At different moments
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of time this observer can “identify ” himself with different copies of himself
existing in different worlds and this, he interprets as the collapse of the wave
function and indeterminism.

Really, at the other moment he deals with a different “past ” evolving
due to Schrédinger evolution to his new present. As J. Bell once said'”
in this interpretation one deals with a “many pasts” existence. However, as
Everett himself was the first to see, an important role in this interpretation is
played by the “memory” of the observer described by classical or quasiclas-
sical physics. In other case, memory could be erazed when going from one
“world” to the other. But in this we again, recognize the difference between
the “clasical language ” of the observer and the quantum world. Absence
of the observable manifestation of “other worlds ”, makes this interpretation
rather disputable.However if our Universe is really infinite and in it all quan-
tum potentialities are somewhere realized, than this interpretation probably
can help us to find some unity between quantum physics and cosmology.

Another strategy to have only “one” evolution is the “histories ” ap-
proach.

The main object of the approach is history, which is a time ordered
(ty, < ty < ... < t,) conjunction of properties defined by the observables
{A1 A A,}. The properties do not need to be compatible. It is to histories
that probabilities are asigned. To see how this is done, we first assume that:

a) the initial state of the quantum system at time ¢,(< ¢1) is given by the
density matrix p (in the Heisenberg representation) and

b) the spectrum of each observable A;, represented by the operators A;(t;)
is divided into a complete family of disjoint sets Dj".

Given the set {«;} we define a history U by the time ordered sequence of
properties,

U = (P (1) P52 (t2), P2 (1)}

The joint probabilty for finding all the properties in an appropriate se-
quence of measurements is called theprobability of the history and is given
by

pu = Tr(P (tn)... Py (t2) Py (81) pPr (81) . P (E))

This equation is the well known Wigner’s formula for the probabilities.
By varying the set {a;}we obtain a complete family of histories.

The probabilities of histories are additive for disjoint properties occuring
at the same time. The probabilities of a larger history is the sum of the
probabilities for the more detailed ones entering it.
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However ,additivity is not satisfied by all complete families of histories,
since the probabilities for histories must be consistent with the quantum ad-
ditivity of amplitudes. The condition is expressed by the so called consistency
conditions first found by Griffits in 19840, Gell-Mann and Hartle presented
the consistency conditions as

’

Tr{P"*(tp_1)..P (t1) pP (8)... o™ (ter)} = 0,

where the sequence {«;}is different from the sequence {c/}, (i =1,...n — 1).

These are sufficient conditions, the necessary conditions were found by
Griffits®®” and Omnes®®. Histories satisfying the consistency conditions are
said to be consistent histories.All other histories are said to be inconsistent.

To consistent histories we can give yes — no values and say that they are!

If properties are compatible, then they are consistent with respect to every
initial state. This is the situation one has in classical physics. An interesting
feature of the approach is that for special states there may be properties
that are consistent but not compatible! An example of consistency is when
the state is a probabilistic mixture of pure states |¢, > with weights w;
and one has projectors F; on these states and arbitrary projectors ;. The
probabilities of conjunctions, taken in order are

p(PQ;P;) = w; < ¢;|Qle; > .

However despite of some interesting and new insights ”histories approach
is not equivalent to the standard quantum mechanics. This inequivalence
from the point of view of our research, shows some properties of time due
to “becoming ”, making impossible to treat real history as some “existing ”
object! We recall here here the criticisms given in our book 2. One of them,
is the Kent’s result that for finite dimensional Hilbert space there always
exists some finite number, such that qantum indeterminism disappears after
making some finite number of measurements. After that, the determinism is
restored. Surely for any spin system when infinite number of noncommuting
observables can be measured freely and lead to random results such a prop-
erty does not exist in standard quantum mechanics. So, histories approach
in a sense presupposes some “tenseless” existence of either of events forming
the history or history as a whole described by some “truth” function, but
these assumptions contradict “potentiality ” existence of qantum properties
in the standard quantum physics in its Copenhagen interpretation!

”
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12 Conclusion.

And now let us present some conclusions .Our review of properties of time in
Relativity and Quantum Physics is rather “inhomogeneous”. We resumed a
lot, when dealing with well known features of time in classical and statistical
mechanics, as well as in classical Special and General Relativity. The reason
for that is that this material is described in many different books on time
in physics. We only stressed some special points, especially those where
personal opinion of the author was expressed. Much attention was given to
the role of time in Quantum Physics based on the author’s quantum logical
version of the Copenhagen interpretation of quantum physics. Quantum
gravity and quantum topology as well as the time machine problem were
discussed. Resuming one can say the following.

In classical physics time is present as parametric time, which is not much
different from space. It is in quantum physics that time becomes present in
its two manifestations:

1. In measurement process, when something “new ”and unpredictible can
arise (or “become”).

2. In parametric form like in classical physics when Schrodinger evolution
takes place.

3. “Movement in time ”occurs because of the difference between the Non
Boolean structure of the physical world and Boolean logic of the observer.

4. Minisuperspace quantization of gravity leads to the idea that the
“parametric time ” can be introduced only in the quasiclassical domain, and
exists only for some special quasiclassical wave function of the Universe.
However time due to “measurement process ” must exist even for this model,
if noncommuting observables for quantum gravity in the canonical formalism
are to be measured. However the parameter introduced by a Boolean observer
for this case as time will not coincide with the classical time parameter. The
last possibility leading to the identification of the “quantum measurement
time ” and classical parametric time arises only in the quasiclassical limit.

5. Booleazation procedure of the non Boolean lattice can be used in
cosmology of the early Universe to understand the origination of classical
space due to particle creation. This is valid however, only if a superselection
rule for space due to the causal disconnectedness of the early Universe is at
work, this being the case for times close to the singularity of the Friedmann
Universe.

6. The time machine problem with its paradoxes of time nonlocality in
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classical physics and nonunitarity in the quantum domain shows some incon-
sistency between spatial parametrization of time and its intrinsic property of
“becoming”. So, it seems that if a time machine is possible than “becoming
7 as property of time will be not manifested on the timeloop at all!

7. In quantum topology one can find a new manifestation of time, when
the necessity of existence of not one, but many moments of time occurs due
to the property that the very definition of the system in terms of what it
“is 7 and what it is “ not ” needs at any rate two moments of time and is
impossible for only one moment.

And to end, we want to claim that the old problem of “the time arrow ”
is still with us!

Despite of the entropical quantum measurement, T-noninvariance, elec-
trodynamical and cosmological “arrows ” define one and the same direction,
the problem of the difference between “before ” and “after” as being the
same for different observers is not completely solved, because we still do not
understand the reason of this coincidence. .
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