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Abstract: Under some well-defined conditions the mathematical formalism of quantum mechanics enables
physicists, chemists and other to calculate and predict the outcome of a vast number of experiments. In fact,
especially the Schrédinger equation which involves an imaginary quantity describes how a quantum state of
a physical system changes with time and is one of the main pillars of modern quantum mechanics. The
wave function itself is a determining part of the Schrodinger equation, but the physical meaning of the
wave function is still not clear. Altogether, does the wave function represent a new kind of reality? This
publication will solve the problem of the physical meaning of the wave function by investigating the
relationship between the wave function and the theory of special relativity. It is shown that the wave
function is determined by notion co-ordinate time of the special theory of relativity. Moreover, the result of
this investigation suggests a new understanding of the wave function, according to which the wave function
and co-ordinate time of the theory of special relativity are equivalent. Apparently, based upon the close
relationship between time and gravitational field and the normalized relativistic energy-momentum
relation, this contribution provides a way to calculate the “mass-equivalent” of a photon in SI units as
7.372 503 726 490 51 * 10-5! and the “mass-equivalent” of a graviton in SI units as 1.346053370*10-136 ,
A necessary mathematical formalism for the quantization of the gravitational field is developed.

Key words: Quantum theory, relativity theory, unified field theory, causality.

1. Introduction

The Schroédinger equation, published in 1926 by the Austrian physicist Erwin Rudolf Josef
Alexander Schrodinger (1887-1961), is determined by Newton's (1642 - 1727) second law, in
its original form known as

“Mutationem motus proportionalem esse vi motrici impressae, et fieri secundum lineam
rectam qua vis illa imprimitur.” [1]

and to some extent an analogue of Newton's second law in quantum mechanics. Leonhard
Euler (1707-1783), a pioneering Swiss mathematician and physicist, formulated in 1752
Newton lex secunda [2] in its mathematical form as
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F=mxa. (1)
The famous Schrédinger equation [3], a  partial differential equation which
describes how a quantum state of a system changes with time. The

Schrodinger equation for any system, no matter whether relativistic or not, no matter how
complicated, has the form

0
Hx ¥(t)= in— P (t), (2)

where i is the imaginary unit, 7=

is Planck's constant divided by 2xmn, the symbol 9
2X 7T ot

indicates a partial derivative with respect to time t, R is the wave function of the quantum
system, and H is the Hamiltonian operator.

In quantum mechanics, the Hamiltonian operator is a quantum mechanical operator
which characterizes the total energy of a quantum mechanical system and is usually denoted
by H. The Hamiltonian operator H takes different forms depending upon situation. The form
of the Schrodinger equation itself depends on the physical situation and is determined by the
wavefunction rY. The wavefunction itself is one of the most fundamental concepts of
quantum mechanics.

Schrodinger himself states, that he has “not attached a definite physical meaning to the
wavefunction ¥.” [4] The physical meaning of the wave function is in dispute in the
alternative interpretations of quantum mechanics. The de Broglie-Bohm theory or the
many-worlds interpretation has another view on the physical meaning of the wave function
then the Copenhagen interpretation of the wave function.

In view of this unsatisfactory situation, it seems to be necessary to put some light on the
problem of the physical meaning of the wave function from the standpoint of the theory of
special relativity. In a similar way, hereafter, we shall restrict ourselves to a one-dimensional
treatment in order to decrease the amount of notation needed, since in all cases, the
generalization to four (i. e. quantum mechanics) or n-dimensions (i. e. quantum field theory)
will be equally simple.

2. Definitions
2.1. Definition. Einstein's Mass-Energy Equivalence Relation

According to Albert Einstein [5], it is

V2
oM =g m*z‘/l—g (3)

or equally
oF _omxc®_ v (4)
crE smxc? c?

where om denotes the “rest” mass, rm denotes the “relativistic” mass, v denotes the relative
velocity and ¢ denotes the speed of light in vacuum.
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Scholium.

In general, let E(om) denote the expectation value of om (as determined by the co-moving
observer), let E(rm) denote the expectation value of rm as determined by the stationary
observer. A (co-) moving observer is defined by being at rest (relative velocity v = 0) relative
to a moving (quantum mechanical) object. There are circumstances where the relative
velocity v between a stationary observer and a moving (quantum mechanical) object can be
equal to v=0. In contrast to the stationary observer, the relative velocity v between a (co-)
moving observer and a moving (quantum mechanical) object is under any circumstances equal
to v=0. In general, the “rest-mass” can be treated as an eigenvalue as obtained by a (co-)
moving observer after the collapse of the wave function into an eigenfunction.

2.2. Definition. The Normalized Relativistic Energy Momentum Relation

Based on Einstein’s mass-energy equivalence, we define the normalized relativistic energy
momentum relation [6], a probability theory consistent formulation of Einstein’s energy
momentum relation, as

2
m V2
0 + _

- =
gM° c?

1 (5)

where ok denotes a kind of a complex coefficient with

2
om

m< .
k?=-2 i.e.| k| = (6)
0 0
L m? e m
and anti ok denoted as ok is defined as
2 2
5 m \Y;
oK El—';nzfg? (7)

2.3. Definition. The Principle Of Superposition

A (quantum mechanical) system can sometimes exist as a linear combinations of (two) other
(eigen-) states, for example

r¥=0kxq ‘//+0KXOZ- (8)

Under conditions where all three functions are normalized and where . and y are

orthogonal we find

[wxwdr=k?+.k* =1 (9)
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The particle-wave duality [7] is defined by

2 2 2 2 2 2 2 2 2 2 2 2 2
m V2 m-xc VZXC° X, M E (V2>< m- |xcC E ( )><C E E |H
0 4 =20 + R _ 20 + R ) _ 20 + r P _0 + -1 ( )

Wave

2 2 2 2 2 2 2 2 2 2 2
gM° €2 _m“xc® c2xcxzm <E <E <E < E <E < E

where rp denotes the momentum and waveE denotes the energy of an associated
electromagnetic wave. In general, due to quantum mechanics, it is waveE = rp*c.

2.4. Definition. The Eigenfunction and the Anti-Eigenfunction.

The wavefunction rY itself is not an eigenfunction of an operator. However, every
wavefunction can be expressed as a superposition of eigenfunctions of an operator such that

R\P:okxol//"'okxo‘/_/ (11)

where oy denotes the corresponding eigenfunction (as determined by a co-moving observer)
and oy denotes the corresponding anti-eigenfunction. The complex coefficient .k represent the
degree to which the full wavefunction possesses the character of an eigenfunction, the degree
to which the full wavefunction is determined by an eigenfunction. The anti complex coefficient
ok represent the degree to which the full wavefunction does not possesses the character of a
special eigenfunction oy, the degree to which the full wavefunction is not determined by a
special eigenfunction o.

Scholium.

The wavefunction rY corresponding to the system state can change (out of itself or by a third
[i.e. measurement]) into an eigenfunction oy. The change of the wavefunction into an
eigenfunction of an operator (corresponding to the measured quantity) is called wavefunction
collapse. In general, the superposition principle follows as

N STV CHED S S SN SHVRer
i=0

i=1

where the corresponding eigenfunction of the moving observer is denoted as oy and the
corresponding anti eigenfunction is denoted as oy. Corresponding to each eigenvalue is an
‘eigenfunction’. Only certain eigenvalues with associated eigenfunctions are able to satisfy
Schrodinger's equation. The eigenvalue as measured by a co-moving observer is one of the
eigenvalues of the quantum mechanical observable. The eigenvalue (corresponding to some
scalar) concept as such is not limited only to energy. Finding a specific function (i.e.
eigenfunction) which describes an energy state (i.e. a solution to the Schrodinger equation) is
very important. Under conditions where the eigenvalues are discrete, a physical variable is
said to be 'quantized’ and an index i plays the role of a 'quantum number' which is
characterizing a specific state.
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2.5. Definition. Einstein's Relativistic Time Dilation Relation

An accurate clock in motion slow down with respect a stationary observer (observer at rest).
The proper time ot of a clock moving at constant velocity v is related to a stationary observer's
coordinate time rt by Einstein’s relativistic time dilation [8] and defined as

V2
Ot :RtXZ l—g (13)

where ot denotes the “proper” time, rt denotes the “relativistic” (i. e. stationary or coordinate)
time, v denotes the relative velocity and c denotes the speed of light in vacuum. Equally, it is

R

or
ot (Gl VE. (15)
cz .t c?

Scholium.

Coordinate systems can be chosen freely, deepening upon circumstances. In many coordinate
systems, an event can be specified by one time coordinate and three spatial coordinates. The
time as specified by the time coordinate is denoted as coordinate time. Coordinate time is
distinguished from proper time. The concept of proper time, introduced by Hermann
Minkowski in 1908 and denoted as ot, incorporates Einstein’s time dilation effect. In principle,
Einstein is defining time exclusively for every place where a watch, measuring this time, is
located.

"... Definition ... der ... Zeit ... fiir den Ort, an welchem sich die Uhr ... befindet ..." [9]

In general, a watch is treated as being at rest relative to the place, where the same watch is
located.

"Es werde ferner mittels der im ruhenden System befindlichen ruhenden Uhren die Zeit t [i.
e. rt, author] des ruhenden Systems ... bestimmt, ebenso werde die Zeit t [ot, author] des
bewegten Systems, in welchen sich relativ zu letzterem ruhende Uhren befinden,
bestimmt..." [10]

Only, the place where a watch at rest is located can move together with the watch itself.
Therefore, due to Einstein, it is necessary to distinguish between clocks as such which are
qualified to mark the time rt when at rest relatively to the stationary system R, and the time ot
when at rest relatively to the moving system O.

"Wir denken uns ferner eine der Uhren, welche relativ zum ruhenden System ruhend die
Zeit t [rt, author], relativ zum bewegten System ruhend die Zeit t [ot, author] anzugeben
befdhigt sind ..." [11]
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In other words, we have to take into account that both observers have at least one point in
common, the stationary observer R and the moving observer O are at rest, but at rest relative
to what? The stationary observer R is at rest relative to a stationary co-ordinate system R, the
moving observer O is at rest relative to a moving co-ordinate system O. Both co-ordinate
systems can but must not be at rest relative to each other. The time rt of the stationary system
R is determined by clocks which are at rest relatively to that stationary system R. Similarly,
the time ot of the moving system O is determined by clocks which are at rest relatively to that
the moving system O. In last consequence, due to Einstein’s theory of special relativity, an
accelerated clock (ot) will measure a smaller elapsed time between two events than that
measured by a non-accelerated (inertial) clock (rt) between the same two events.

2.6. Definition. The Normalized Time Dilation Relation

As defined above, due to Einstein’s special relativity, it is

o_tt:z/l_"_i. (16)
R c

The normalized time dilation relation follows as

ot V2 _
17 c2

(17)

2.7. Definition. The Energy Operator H

In quantum mechanics, the Hamiltonian, named after the Irish mathematician Hamilton, is a
quantum mechanical operator corresponding to the total energy of a quantum mechanical
system rather than Newton's second law F=m*a and usually denoted by H. By analogy with
classical mechanics and special relativity, the Hamiltonian is i. e. the sum of operators
corresponding to the potential and kinetic energies (of all the particles) associated with a
quantum mechanical system and can take different forms depending on the situation. The
Hamiltonian operator H is Hermitian. According to the expansion postulate, the wavefunction
can be expanded as a series of its eigenfunctions where an eigenfunction belongs to an
eigenvalue of H. The Hamiltonian function is equal to the total energy of the system.
Consequently, an eigenstate of the operator H is one in which the energy is perfectly defined
and equal to i. e. oE. Thus far, an important property of Hermitian operators is that their
eigenvalues are real. The total energy operator H is determined as

.. O
H=in—. 18
p (18)

For our purposes, the (non-relativistic or relativistic) Hamiltonian is corresponding to the
total energy of a quantum mechanical object or system. Thus far, it is

.. 0

where Er is identical with the notion “relativistic” energy of a (quantum mechanical) system.
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2.8. Definition. The Quantum Mechanical Operator Of Matter

In quantum mechanics, the Hamiltonian, named after the Irish mathematician Hamilton, is the
total energy operator. Thus far we define the quantum mechanical operator of matter as

RM = M Eﬁzi:gxg
c- ot

o2 (20)

where rM denotes the quantum mechanical operator of matter (and not only of mass) form
the standpoint of the stationary (i.e. relativistic) observer R.

2.9. Definition. The Relationship Between Energy And Time

Let
rS =g E+;t (21)
where rE denotes the ‘relativistic’ energy and rt denotes the ‘relativistic’ time.

Scholium.

The notion rS can but must not be the equivalent of space. Following Aristotele’s principle of
the excluded middle, tertium no datur, it is important to stress out, that all but energy is
denoted as time. Consequently, there is no third between energy and time, a third is not given.
Let

0S =5 E+t (22)

where oE denotes the ‘rest’ energy and ot denotes the ‘proper’ time. Due to special relativity it
is

oS=21-L x.s- (23)

2.10. Definition. The Relationship Between Matter And Gravitational Field

From the standpoint of a stationary observer R let us define
rRU=xM+,0 (24)

where rM denotes the matter and rg denotes the gravitational field. From the standpoint of a
moving observer O we define

U= Mi,g (25)

where oM denotes the matter from the standpoint of a moving observer and og denotes the
gravitational field from the standpoint of a moving observer.
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Scholium.

In the context of general relativity, Einstein himself demands that everything but the
gravitational field has to be treated as matter. Thus far, matter as such includes matter in the
ordinary sense and the electromagnetic field as well. In other words, there is no third between
matter and gravitational field. Einstein himself wrote:

"Wir unterscheiden im folgenden zwischen 'Gravitationsfeld' und 'Materie', in dem Sinne, daf3
alles aufer dem Gravitationsfeld als 'Materie' bezeichnet wird, also nicht nur die 'Materie'
im Ublichen Sinne, sondern auch das elektro-magnetische Feld. " [12]

Einstein's writing translated into English:

>> We make a distinction hereafter between 'gravitational field' and 'matter’ in this way, that
we denote everything but the gravitational field as ‘matter’, the word matter therefore
includes not only matter in the ordinary sense, but the electromagnetic field as well. <<

This definition of the relationship between matter and gravitational field is based on
Einstein’s definition of matter (i. e. not only mass) ex negativo. Clearly, it is RU = rU + 0 or in
other words rU = rU -rM +rM. The observable rU is determined by matter and something else.
Due to Einstein, the other of matter is the gravitational field or rRU -RM = rg. But there is
matter even under conditions of the special theory of relativity. One feature of matter
as such is its own gravitational field, whatever the strength (i. e. acceleration) of such a
gravitational field may be. The existence of a gravitational field cannot be restricted to
or identified with the strength of the gravitational field itself.

2.11. Definition. The Relationship Between gS And rU

Let us define

. 26
U (26)

(27)

(28)
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2.12. Definition. The Square Of The Wavefunction (i. e. Born’s rule).

In general, the wavefunction as such represents the probability amplitude for finding a
particle at a given point in space at a given time. Due to special theory of relativity, time as
measured by a stationary observer can be different from time as determined in the same
respect by a moving observer. Thus far, let us define the following.

Let the wavefuntion r'W(rX, rt) denote the single-valued probability amplitude at (X, rt)
where rX is position and gt is time from the standpoint of a stationary observer. Let R¥"(rX, rt)
denote the complex conjugate of the wavefuntion rW(rX, rt) from the standpoint of a
stationary observer.

Let the wavefuntion o'¥(0X, ot) denote the single-valued probability amplitude at (oX, ot)
where 0X is position and ot is time from the standpoint of a co-moving observer. Let 0" (0X, ot)
denote the complex conjugate of the wavefuntion o¥(oX, ot) from the standpoint of a
co-moving observer.

Let op(0X, ot) denote the probability from the standpoint of a co-moving observer that a
“particle” will be found at (0X, ot).

Let rp(rX, rt) denote the probability from the standpoint of a stationary observer that a
“particle” will be found at (rX, rt).

In general, due the Born’s rule, named after Max Born [13], it is

R p(RX7Rt):‘RIP(RX7RtXZ —R LP(FzX’t)X R\P*(RX’Rt) (29)
and
0 p(o X0 t): ‘OLP(O X0 txz =0 \P(o X0 t)>< O\P*(O X0 t) : (30)

From these definitions (i. e. Born’s rule) follows that

R\P(RX’Rt): R p*(RX’Rt) or that R\P(RX’ Rt)x RT*(RX’Rt)

(X 1) (X t) 6y

and that

oLP(oxyot)= op(oX,ot) OI"thatOLP(OX’Ot)>< O\P*(Oxiot)zl

- 32
S¥ (X, ot) o P(o X o t) (32)

Scholium.
In general, the wavefuntion o'¥'(oX, ot) denotes an eigenfunction.

2.13. Definition. The Wavefunction As Such Is Reference Frame Dependent.

Theoretically, it is possible that the probability as such is reference frame independent (i. e. the
moving and the stationary observer will agree on the numerical value of probability) while
the wavefunction as such is reference frame dependent. Under these conditions let us consider
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the following. In general, let

o\P(oX’ot): R\P*(Rx’Rt):gl_v_z
RT(RX’Rt) oV (ox’ot) c?

(33)

where the wavefuntion rW(rX, rt) denotes the single-valued probability amplitude at
(rX,rt) where rX is position and gt is time from the standpoint of a stationary observer, R¥"(gX,
rt) denotes the complex conjugate of the wavefuntion rW¥(rX, rt) from the standpoint of a
stationary observer, the wavefuntion o¥(oX, ot) denotes the single-valued probability
amplitude at (oX, ot)where oX is position and ot is time from the standpoint of a co-moving
observer (i. e. an eingenfunction) and o¥"(0X, ot) denotes the complex conjugate of the
wavefuntion 0¥ (0X, ot) from the standpoint of a co-moving observer.

2.14. Definition. The Expectation Value Of X.

In mathematical statistics and probability theory, the expectation value at one point in
space-time grt from the standpoint of a stationary observer, denoted as E(rX:), is defined as

E(R Xt):R p(RX’Rt)XRXt =R ‘P(va Rt)>< RT*(RX’Rt)XRXt (34)

The expectation value at one point in space-time ot from the standpoint of a co-moving
observer, denoted as E(0Xt), is defined as

E(o Xt): o p(o X, ot) X o X; = oLP(o X, ot)>< OLP*(O X, ot) X o X, (35)

In general it is,

o p(OX,Ot)XOXt e p(ox’ot)xoxt _ E(o Xt)z

p(o X,o1)= = 36
° (o ° ) op(ox’ot) X o X X o X, E(o th) (36)
or

A p(Rfot): R p(Rx’Rt)XRXtXR p(RX’Rt)XRXt _ E(th)z (37)

Rp(RX’Rt)XRXtXRXt E(R th)

2.15.  Definition. The Expectation Value Of X2.

In mathematical statistics and probability theory, the expectation value rX:* at one point in
space-time grt from the standpoint of a stationary observer, denoted as E(rX%), is defined as

E(R th)zR p(RX1Rt)XRXt2 =R \P(RX1 Rt)>< RT*(RX’Rt)XRXtZ (38)
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The expectation value of oX¢?at one point in space-time ot from the standpoint of a co-moving
observer, denoted as E(0X%), is defined as

E(o th): 0 p(o X, ot) X OXt2 = OLP(O X, ot)>< OLP*(O X, ot) X OXt2 (39)

2.16. Definition. The Variance.

In mathematical statistics and probability theory, the variance at one Bernoulli trial ¢, at one
run of an experiment t from the standpoint of a stationary observer is defined as

O-(th)2 = E(R th)_ E(th)2 . (40)

The variance at one Bernoulli trial ¢, at one run of an experiment t from the standpoint of a
co-moving observer (i.e. after the collapse of the wavefunction), is defined as

O_(o Xt)2 = E(o th)_ E(o Xt)z- (41)

In contrast to the above definitions, the variance of a population is defined in general as

o X) = E(RXZ)_ E(xX). (42)
or as
(o X) = E(OXZ)— E(oX). (43)

2.17. Definition. The Logical Contradiction And The Inner Contradiction.

Let A(rX¢)? denote the logical contradiction of a random variable rX: from the standpoint of a
stationary observer. Let rp: denote the probability of the random variable rX: from the
standpoint of a stationary observer. Let A(0X:)*> denote the logical contradiction of “same”
random variable oX: as determined from the standpoint of a co-moving observer. Let opt
denote the probability of the random variable X: from the standpoint of a stationary observer.
In general, we define

A(th)zz(R pt)_(R pt)zsztx(l_Rpt)- (44)
and
Alo X ) = (6P )= (o PV =op x(1—5p). (45)
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Let A(rXt) denote the inner contradiction of a random variable rX: from the standpoint of a
stationary observer. Let A(0X:) denote the inner contradiction of “same” random variable oX: as
determined from the standpoint of a co-moving observer. In general we define

A(th)Ez\/A(RXt)z :2\/(R pt)_(R pt)2 :%/R Py X(l_Rpt)- (46)

and
A(o Xt)E 2\/A(o Xt)2 = %/(o pt)_(O pt)z = %/o Pe X(l_opt) : (47)
Scholium

Under conditions where the probability of an event is equal to op=1, the logical contradiction
is equivalent with 1*( 1 - 1 ) = 0, which is known as the form of the logical contradiction in
classical logic and in Boolean algebra. Assoonas op <1, we are no longer under conditions
of classical logic and Boolean algebra, a multi-valued (dialectical) logic is necessary. In general,
the logical contradiction can take the values A(oXt)? = op*( 1 - op ) < (1/4) or in terms of
quantum mechanics A(oXt)? = op*( 1 - op ) < (A X m/h)% The logical and the inner
contradiction is reference frame independent.

2.18. Definition. The Wavefunction Of The Gravitational Field I

In general, let the wavefunction of the gravitational field represent something like a
probability amplitude in accordance with special theory of relativity.

Let r[' denote the wavefunction of the gravitational field from the standpoint of a
stationary observer. Let rI" denote the complex conjugate of the wavefunction of the
gravitational field from the standpoint of a stationary observer.

Let oI denote the wavefunction of the gravitational field from the standpoint of a co-moving
observer. Let o¥" denote the complex conjugate of the wavefunction of the gravitational field
from the standpoint of a co-moving observer. Let

Y _ < i v N i

RgERFERZ :Zikx_zzokxo_2+zikx_2 (48)
C - C c? “= C

and
v

OgEOF - OC2 (49)

where ¥ denotes something like an eigenfunction.
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3. Theorems

3.1. Theorem. The Expectation Value Of A Random Variable Is Reference Frame
Dependent.

Special relativity implies some consequences for the calculation of expectation values.

Claim.
Under conditions of special theory of relativity, the expectation value is reference frame
dependent (assumed that an expectation value exists). We obtain

Elom)_,)y_v2 (50)
E(,m) c2
Proof.

Starting with Axiom [ it is

+1=+1. (51)
Assuming that an expectation value of “rest- mass” om exists, we obtain equally
E(om)=E(,m) (52)

Due to special relativity it follows that

E(om)= E[Rmx%/l—Z—z] (53)

. . - f vz
Under conditions of special theory of relativity, the term 2 1——2 is constant. Due to the rules
C

of mathematics it is E(constant * X ) = constant * E( X ). Thus far, the equation before can be
simplified as

E(om)=3/1- 2 x E(m) 54

In general, it follows that
— 21— — (55)

Quod erat demonstrandum.
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Scholium.

The expectation value of a random variable is reference frame dependent. Only under
conditions where the relative velocity v=0, both observer (the moving observer O and the
stationary observer R) will agree on the expectation value, otherwise not.

3.2. Theorem. The Measure Of Probability p Is Reference Frame Independent.

Coordinate systems are used in describing nature and physical laws. But does a coordinate
system exist a priori in nature? What is the relationship between a coordinate system and
physical law? Are the physical laws independent of the choice of a coordinate system related
to each other by any kind of relative motion? Can a physical law take the same mathematical
form in all coordinate systems (Einstein's principle of general covariance)?

Claim.
Under conditions of the special theory of relativity, the probability measure p is reference
frame or coordinate system independent. We obtain

oP=r P (56)
Proof.
Itis

E(om)=E(,m) (57)

or due to special relativity

E(,m)= E[Z/l—\é—z X mJ (58)

. . . [
Under conditions of special theory of relativity, the term 2 1——2 = constant. In general,
c

due to mathematics, it is E( constant * X ) = constant * E( X ) and we obtain

E(Om)=21—Z—sz(Rm) . (59)

Rearranging equation yields

E(om) _ [ ¥
Eem) Ve 0

and equally
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E(om):opxomzzfl_v_2 (61)
E(Rm) r PXgM c2

where op denotes the probability of om as determined by the co-moving observer (observer at
rest relative to om) and rp denotes the probability of rm as determined by the stationary
observer. We obtain

olF?ol 11 (62)

Due to special relativity it is

V2
21— — 5
oPxoMm_ c2:21_V_2 (63)
r P oM c

The most terms cancel out. We obtain

oP
ol _4 (64)
r P

which completes our proof. Under conditions of the special theory of relativity it is
oP=r P (65)
Quod erat demonstrandum.

Scholium.

This proof is of far reaching and general importance. Under conditions of the theory of special
relativity the stationary and the moving observer will agree on the probability p of a random
variable while both observers will disagree at the same time on the expectation value (in
principle). We see from the proof above that in relativistic quantum theory, the probability is
left unchanged if it is measured in a co-ordinate system moving with some other constant
relative velocity. In attempts to extend the quantum theory to the relativistic domain, serious
difficulties have arisen. Thus far, is this theorem valid under conditions of the general theory
of relativity too? Under conditions of the general theory of relativity at every space-time point
there exist a locally inertial reference frames in which the physics of general theory of
relativity is locally indistinguishable from that of special relativity (Einstein’s famous strong
equivalence principle). Due to our proof above, it is reasonable to expect that probability
theory is of use even under conditions of the general theory of relativity. A reference frame
independent account of probability is appropriate for causal inference. Any subjective
interpretation of probability advocated by some prominent philosopher and psychologist has
no place in science.
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3.3. Theorem. The Wavefunction From The Standpoint Of A Stationary Observer R

The Hamiltonian, usually denoted by H of H is a quantum mechanical operator

corresponding to the total energy of a (quantum mechanical) system. In most of the cases, the
spectrum of the Hamiltonian H is the set of possible outcomes when one measures the total
energy of a system. In special relativity, the total energy of the system is denoted by rE and is
equally the set of possible outcomes at least oE + AE = rE.

Claim.

Under conditions of the special theory of relativity from the standpoint of a stationary
observer R itis

At=g P(t). (66)
Proof.

Under conditions of the special theory of relativity and from the standpoint of a stationary
observer R, a system is completely described by the equation

RExgt=g Exqt (67)

The same system, no matter how complicated, is equally described by Schrédinger equation.
[tis

rExgl= |:| xg P(t) (68)

The Hamiltonian is a quantum mechanical equivalent of the total energy of a system, the set of
all possible outcomes. In special relativity, the total energy of the system is denoted by ®rE.

Therefore, we equate both notions as ;E=| . Rearranging the equation above, it follows
that

RExqt=n Exg P(t) . (69)
At the end, it is
rU=¢ lP(t) (70)
which completes our proof.
Quod erat demonstrandum.
Scholium.
On the first sight, rt has nothing in common with r'¥Y'(t). We can rearrange rt and obtain an

equivalent relationship as r'Y'(t)=a*(1/a)*rt. Let it be that b*e-d=((1/a)* rt) and that f=a*b. We
obtain at the end r¥(t)=f * e-d. All the changes have no influence on the fact that rt = g'¥(t).
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3.4. Theorem. The Wavefunction From The Standpoint Of A Moving Observer O

A moving observer does not measure the superposition of several eigenstates but measures
a specific energy state, an observable associated with an eigenbasis. In other words, from the
standpoint of the moving observer, the wave function, usually a linear superposition of its
eigenstates, has collapsed from the full to just one of the basis eigenstates. The probability of a
wave function to collapse into a given eigenstate is called the Born probability.

Claim.

Under conditions of the special theory of relativity from the standpoint of a moving
observer O it is

ol=¢ V. (71)
Proof.

Under conditions of the special theory of relativity and from the standpoint of a moving
observer O, a system is completely described by the equation

oExot=g Exgt (72)

where oE denotes the rest energy and ot denotes the time as determined by the moving
observer. The measurement of a moving observer describes a very specific energy state, an

eigenstate or an eigenvalue. Corresponding to such an eigenvalue  |H is an 'eigenfunction’

o VY. The system of a moving observer, no matter how complicated, is equally described by
Schrodinger equation.

oExot=,H %0 ¥ (73)

The specific energy state obtained by the moving observer is identical with an eigenvalue, an

energy state after the collapse of the wavefunction. We equate ,E= H . Rearranging

equation we obtain

oExgt=g Exg ¥ (74)
At the end, it is

ot=0 ¥ . (75)
which completes our proof.

Quod erat demonstrandum.
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Scholium.

A wave function is initially in a superposition of several eigenstates. To obtain a specific
eigenvalue of a physical parameter (for example energy), it is necessary to operate on the
wavefunction with a quantum mechanical operator associated with a parameter.
Corresponding to each eigenvalue is an ‘eigenfunction’. The solution of the Schrodinger
equation for a given energy involves also finding the specific function, denoted as
eigenfunction, which describes a specific energy state.

3.5. Theorem. The Wavefunction Is Reference Frame Dependent

Claim.
Under conditions of the special theory of relativity it is

YT ot [
o) _R *:O_zzl_v__ (76)
sV oV i c2

Proof.
Under conditions of the special theory of relativity, the moving and the stationary observer
will agree on the probability. In general, it is

oP=r P (77)
which due to Born’s rule is equivalent with
opEo‘Pxo\P*:RlP XRT*ER P. (78)

Rearranging this equation, we obtain

i (79)

N 7
o _R___o (80)
PP gt

—~+

Due to special relativity theory, this is equivalent to

oYt 2
ot _rR7 _ol_,q ¥V (81)
sV oV i c2

Quod erat demonstrandum.
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Scholium.
Due to our definition above it is equally

g v v2
oF R~ 1T (82)
s ¥V oV c?

or in other words it is

V2
OT:R‘PX 21—5. (83)

The relationship between an eigenfunction oV of a wavefunction and the wavefunction r¥Y
itself is determined by the needs of special theory of relativity. Consequently, the description
of physical reality given by the wave function in quantum mechanics must not be regarded as
being incomplete with the theory of special relativity. Under conditions where the relative
velocity squared is v* > 0, the moving observer O and the stationary observer R will obtain
contradictory results, if both observer use the same wave function to describe a concrete

. . . / vz . .
physical reality. A correction factor 2l——2 is needed to achieve correct results. This
C

relation is of great importance especially under circumstances where oV is identical with an
eigenfunction.

3.6. Theorem. The Variance Is Reference Frame Dependent

Claim.
Under conditions of the special theory of relativity the variance and the standard deviation
of a random variable is reference frame dependent. In general it is

=1-— . (84)

Proof.
In general it is

oo XS =0(,X,). (85)

V2
Under conditions of special relativity where ,X,=zX, x 12/1— E and it follows that

2
V2
O-(oxt)zza thxzﬂl_g . (86)

2

o . L. Ve,
Under conditions of the special theory of relativity, the term 2 1——2 is constant. Due to the
C

rules of mathematics it is o(constant * X )? = constant? * o( X )? . Thus far, the equation
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before can be simplified as

V2 V2
G(oxt)zzﬂl_gxi/l_EXG(th)z- (87)

Rearranging equation yields

5 2
o(oxt)z _ #1_\/_2%/1_12 v (88)
(o X,) c? 2 c2

Quod erat demonstrandum.

Scholium.

V2
Due to the theorem above and under conditions where ,X,=gX, ><2,/l——2, the standard
C

deviation is reference frame dependent too and we obtain

G(Oxt)_ _V_Z
O'(th)_z ' c? ()

or

G(Oxt):a(RXt)X%/l_\é_z' (90)

In contrast to the variance and the standard deviation, the general and the inner contradiction
are reference frame independent.

3.7. Theorem. Chebyshev's inequality

The Chebyshev's inequality, named after the Russian mathematician Pafnuty Lvovich
Chebyshev (1821-1894), plays a fundamental role in various modern fields of probability
theory. Especially, due to Chebyshev's inequality it is possible to estimate the probability (i. e.
of the deviation of a random variable from its mathematical expectation) in terms of the
variance of the random variable. In this setting, let us derive an exact equality as an
alternative to Chebyshev's inequality.

Claim.
Under conditions of the special theory of relativity we obtain

2
1-,p, = O-(o it) ' (91)
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Proof.
In general it is

G(o Xt)2 :O-(o Xt)2 (92)
O'(ox )2 = E( ) E(ox )2 (93)

Rearranging equation, we obtain

G(OXt)Z + E(o Xt)2 = E(oxtz)- (94)
or

2
G(ox ) + (Oxt) . (95)

2
In general it is per definitionem E(pX,) = 0P XX P X, =,p,. We obtain

E(o th) - 0 P XX Xy

O_(oxt)2
+ =+1, 96
E(,x2 Py (96)

In other words, it is

_ O_(o xt)z
- vl (97)

Quod erat demonstrandum.

Scholium.

Due to Chebyshev's inequality it is pU0 X ]> 2/ E‘ X, D ‘(—) Thus far,

we equate both equations. It follows that p(| o X, —E(, th >3 E‘ o X2 D =1-,p,; . Under

conditions, where %/EiOXtZ i= kxo(,X,) we obtain pUO X, —E(, Xt)| >3 Eio X2 D < %
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3.8. Theorem. The Wavefunction Is Determined By The Variance

Claim.
In general, the Schrodinger equation is determined by

2
O_(o Xt) _
= =Hx, ¥ _ 98)
2 [1- gxoxt X (1—O P, )>< oV
Proof.
The variance as determined by the co-moving observer is defined as
2 2 2
O-(o Xt) = E(o X, )_ E(o Xt) - (99)
Due the definition of the expectation value above this equation is equivalent to
2 2 2
G(o Xt) :(o Pxo X, )_(o thOXt) (100)
which is equivalent to
2 2 2
O_(O Xt) :OXt x ((o P )_ (o pt) ) (101)
or to
2 2
G(o Xt) =o X X (o Py < (1_0 Pe )) (102)
Rearranging equation, we obtain
2
O_(o Xt)
=X %o Py = E(o X,). (103)

o Xy X (1_0 Py )_O

*

Based on Born’s rule, itis o p=q ¥ x ¥ . = ¥ x ¥ =; p.Rearranging the equation,

we obtain

0'( X )2 -
X, >(<)(lio P, ):Oxt Xo ¥x oW (104)
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or

2
G(O Xt) *:Oxt XOLP
oxtx(]-_opt)>< oV .

VZ
Under conditions of special relativity where X=X x2/1— ey it follows that

O-(Oxt)z =X ><2,/1—V—2>< v
Oth(l—Opt)xoT* RO cz ©

or that

G(Oxt)z — X < \P

V2 . R t O
o X %2 }1—5 x(l—opt)x oV

Under conditions where X, =H, the Schrodinger equation follows as

G(Oxt)z = X x-¥Y=Hx.,¥
V2 TRt o 0
o X, %2 1—C2><(1—Opt)>< oV

Since o X, x(1—,p,)=(o X, —E(, X,)) we obtain

%P
v (o X) *:RthO‘P:onT _
\2/1_C2X(o X, _E(o Xt))>< oV

Let us assume that the standard normal variable Z is defined as

(0 X —E(5X,))
Z(o Xt): G(Oxt) .

It follows that

(105)

(106)

(107)

(108)

(109)
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v (X)) *:RthO‘P:HxO‘P .
12/1—5 xZ(o Xt)x oV

which completes our proof. In general it is

(110)

(o Xt)2 —Hx. ¥
f V2 - © '
2 1—§><OXt x(l—opt)x oV

Quod erat demonstrandum.

(111)

3.9. Theorem. The Frist Basic Law Of Special Relativity

Special relativity implies a basic physical law of far reaching consequences.

Claim.
In general, the basic law of special relativity is determined as

oExgl=¢ Ext (112)

Proof.
Starting with

+1=+1 (113)

itis equally

v? v?
1*2/1—— =1%2(1——.
\/ = \/ = (114)

Based on Einstein's mass-energy equivalence we obtain

oMxC? V2
——=21-—. (115)
rMxc2 c2

Rearranging this equation due to the relativistic time dilation, it follows that
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omxc? t,
— (116)
rMxc2  tg
which is equivalent to
oMxC2x =5 mxc?x gt (117)
or to
o Ex gl =g Ex(t. (118)

Quod erat demonstrandum.

Scholium.

Any relativistic or non-relativistic (i. e. v = 0) (quantum mechanical) system, no matter how
complicated, is completely described by this equation. The same system is described by
Schrodinger’s equation too.

3.10. Theorem. The Second Basic Law Of Special Relativity

Special relativity implies another basic physical law of no less reaching consequences. In
general, it is,

ot t=¢gt (119)

and equally

oE+.E=x E. (120)
Claim.

Under these circumstances, the second basic law of special relativity is determined as
AEXgt=¢ Ex ,t (121)

Proof.
From

oE+,E=¢ E. (122)

follows that
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=1 (123)
Equally, from

o+, t=xt (124)
follows that

t t
125
U ot (125)

In general, it is

+1=+1 (126)

and we obtain the equivalence of

0E + AE Ot
. 127
RE RE Rt Rt ( )

After multiplication with (rE x rt), it follows that

Expt+ Ex t=tx E+, txE. (128)
According to the first basic law of special relativity, it is

oEx gt = Ex gt (129)
Based on this insight, we rearrange the equation above and obtain

Exgpt+ (Expt=  Ext+ txE (130)

or at the end similar the law of the lever as provided and proven by Archimedes (~287 BC -
~212 BC)

AExgt=,tx; E. (131)

Quod erat demonstrandum.
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Scholium.
The straightforward question is, are there conditions where

JExt= tx E=hx(f =1) (132)

with all the consequences for quantum and special relativity theory. Under these or similar
circumstances, a “quantization” of time would be possible in principle. The Planck constant h
is related to the quantization of light and matter and named after Max Planck, is the quantum
of action in quantum mechanics. In SI units, the Planck constant h is expressed in Joule seconds
(J-s) or (N-m-s) i.e., energy multiplied by time.

3.11. Theorem. The Wavefunction Is Reference Frame Or Observer Dependent

Claim.
In general, it is

oEx W =gEx V. (133)
Proof.
Starting with

+1=+1 (134)

According to the first basic law of special relativity, it is equally

oExgl=g Ext, (135)
Based on this insight, we obtain

OEXRt:R EXOtX]. (136)

Based on Born’srule o p =4 ¥ x O‘P* =¥ x R‘P* =, p,itis

¥x ¥
OEXRt:REXOtX%. (137)
0

Rearranging equation, it follows that

t
Exop#: EX \P
0 Wt R ol . (138)
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Simplifying equation, we obtain

1
E < 0 p
0 ¥ -2 . (139)

In other words, based on Born’s rule it follows that

=0 ¥ and we obtain

o
Ex ¥ 1 _ Ex ¥
o EX oI X vz R X0 (140)
21— —
C2
N 1 :
Due to our definition ;¥ x = =¢ Y we obtain
iV
C2
Ex ¥ =gEx V¥, (141)
Quod erat demonstrandum.
3.12. Theorem. The Normalization Of Energy And Time
Claim.
In general, it is
E t
R RY _
=t =1 (142)
RS RO
Proof.
Form the definition
rS =g E+gt (143)
follows that
E t
R RY _
=t =1 (144)
RS RS

Quod erat demonstrandum.
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3.13. Theorem. The Normalization Of Matter And Gravitational Field

Claim.
In general, it is

M g
R =1 145
U U (145)
Proof.
Form the definition
RU =g M +r 0 (146)
follows that
M g
=1 147
U LU (147)

Quod erat demonstrandum.

Time and gravitational field are related. Following Einstein’s special theory of relativity, both
are equivalent [13].

3.14. Theorem. The Equivalence Of Time And Gravitational Field

Claim.
In general it is

Rt=C"x Q. (148)
Proof.

Itis

+1=+1 (149)

and thus far

Rt
——=1 150
S S (150)
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and equally
E t M g
R R _ R RY _
st s~ u? U—l. (151)
R R R R
Rearranging equality, we obtain
Sx, M S x
Et t=r2"rM , r2X 8 _ g
R R R (152)
rU rU
or equally
E4pt="2 5 M 4R =< S
rRE+p U= X gVl + X RO =g (153)
R R
Based on the definition ¢°=-*~ we obtain
R
RE+Rt=CZXRM+C2XRg=RS (154)

Due to Einstein’s special relativity matter and energy are equivalent. Thus far, it is

rE = c® x M . The equation can be rearranged as
RE+pt=p E+C"x g (155)
which completes our proof. In general it is
t=c’x.g. (156)

Quod erat demonstrandum.

Scholium.

This proof before is based on the assumption that c¢* = =5 andthat R E = c? x M
R
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3.15. Theorem. The Schrodinger Equation In Relation To The Gravitational Field

Claim.
In general, wave equation of the gravitational field is determined as

i 0 ¥
rM x F_C—a o (157)

Proof.
The Schrédinger equation is defined as

.. O
H X RLIJ = |ha RLIJ (158)

Dividing the equation by c**c? we obtain

1 1 .. 0
><H>< RY = 5——5x1—x ¥
c2xc? c?xc? ot R (159)

or

H WY iho ¥
2 X" 2 T2 X
C C ccot ¢

(160)

L L H b .
Due to our definition above it is M =—x and ;=2 . The wave equation of the
c C

gravitational field follows as

in o RT
rM x F_c ot C—z (161)

Quod erat demonstrandum.
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3.16. Theorem. The Generally Covariant Form Of The Schrédinger Equation Claim.

Under some well defined circumstances, Schrodinger’s equation can be expressed in a
generally covariant form as

2X T xX4xy
ae __ ae
(Gae +Axgae)XLP _( 2 2 ><Tae x ¥ (162)
C xC

Proof.

Due to our understanding it is
RO=RS (163)
or in other words
rO=grE+g L. (164)
Rearranging equation, we obtain
2 S—E =+t (165)
or equally
RO+ t—RE=2x,1. (166)
Dividing by 2, it is

RS+t RE ¢
2 2 R (167)

Let us define R=;S+;t and A= %. Thus far, it is

R
E_A =g t (168)

Multiplying with the metric tensor of general relativity theory, gae, we obtain

R
Exgae_AXgae —R txgae (169)
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Due to our prove above, itis ;¥ =; t. Let us define a wave-function tensor as ¥, =,txg,,

oras W* =, txg*.Ingeneralitis
R —
Exgae_AXgae —R txgae =LPae (170)

Multiplying Einstein’s field equation G, +Ax(g,, = (M

—— ijae by the wave-function
C"xcC

tensor ¥*, we obtain the generally covariant form of Schrodinger’s equation as

2X T X4 Xy a6
c2 xc2 XTae)XlP (171)

(Gae X‘Pae)+(A>< 0. x‘I’ae):[

Quod erat demonstrandum.

Scholium.

While electromagnetic, weak and strong force act in a given space-time, gravitation itself is far
more difficult. According to the general theory of relativity (GRT), gravitation is identified
with the curvature of space-time itself. Consequently, quantizing gravitation could be
equivalent with quantizing space-time, and it is not at all clear what that could mean. To put it
another way, it is very difficult to incorporate gravitation into a setting of a unified field
theory. There are many approaches to reconcile quantum theory and general relativity, String
theory, for instance, is one of them. String theory as one of the many candidates for bridging
the gap between quantum field theories (QFT) and general relativity theory(GRT) is supplying
a unified theory of all natural forces, including gravitation, in terms of strings. Strings are able
to interact on an extended distance and not only at a point. In contrast to String theory,
quantum field theories (QFT) takes particles as fundamental objects but not strings. Thus far,
in quantum field theories (QFT), it is complicated to quantize the gravitational field. The
above proposal shows a way how to quantize the gravitational field.

From our definition rS =rE+rt follows that rS-rRE=rt. Adding time rt to this equation we obtain
rS+rt -RE=rt+ rt which is equivalent to rS+rt -RE=2*gt. It is possible to divide this equation by 2,
we obtain (rRS+rt)/2 -(rRE/2)=rt. Multiplying this equation by the metric tensor g.e of the
general theory of relativity, it is ((RS+rt)/2)* gae —(RE/2)™ gae = Rt™ gae . Under conditions of the
general theory of relativity where (rS+rt)/2=R/2 and where the term (rRE/2) = A (R denotes
the Ricci scalar and A denotes cosmological constant A) Einstein’s field equation follows in as
Rae = (8*1t*y/c*)*Tae + rt*gae. In general, due to our proof above the notion rt*gs.e can be
regarded as being equivalent with r¥*g.c or as R'P*g2¢, which can be regarded as something
like a wave-function tensor. Thus far, multiplying Einstein’s field equation by the wavefunction
tensor leads to a generally covariant form of the Schrédinger equation as

4x2xnxyxT

2 xc? jXR‘PXQ“ : (172)

(eaemxgae)meae:(
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Since 2xrx =% we obtain equally

h dxy
(Gae+Axgae)XR\ngae:C_zx(hxcz XTaerR‘ngae (173)
or
h 4 x
(Gae_'_AXgae)xR\ngae :_zx[ 7/2 ><Tae\JXR‘PXgae . (174)
c hxc
A possible conclusion is that we must accept that
s x Hx W = ZXZ;A'ZX]/ X T |X9%x¥ = ! 5> % ih ng‘I’ . Under these assumption, the
c°xcC c°xC Cc°xcC t
Hamiltonian ~ follows as  H=(2xzx4xyxT_ )xg*® or of course as

H=(02xzx4xyxT,)xg,, too.

3.17. Theorem. The Gravitational Waves Under Conditions Of Special Relativity

One central feature of the theory of General Relativity is the existence of gravitational waves.
For the usual, in contrast to the theory of General Relativity, Einstein's Special Theory of
Relativity is of use especially for systems which are not accelerating. Most commonly, today’s
academic positions in physics are more or less that the spacetime of special relativity is a
spacetime where there is no gravity at all. Under these circumstances, it becomes important
to note that within the spacetime of special relativity, a line (i. e. from the standpoint of a
moving observer O) is straight while the same line in the same respect is curved (from the
standpoint of a stationary observer R). The curved line, as a simple form of curved spacetime,
is possible even under conditions of special relativity. Any distortion of spacetime geometry
can be regarded as gravity. Thus far, gravity under conditions of the special theory of
relativity must be treated different form gravity under conditions of the general theory of
relativity. Even under conditions of special relativity, it is possible (and necessary) to
distinguish between the gravitational field itself and the strength of a gravitational field.
Under conditions of the special theory of relativity the strength of a gravitational field can be
equivalent to zero while the gravitational field itself is different from zero. Thus far, let us
consider the structure of spacetime under conditions of the theory of special relativity.

Claim.
The probability theory consistent normalization of the relationship between the gravitational
field and the gravitational wave follows as

ng + Wg2 :1

Rgz R92 (175)
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Proof.
Due to Axiom I it is

+1=+1 (176)

The normalized relativistic time dilation relationship is determined as

2 2
L

2 " o
Rt C

1. (177)
As we found before, it is equally

=1 (178)

CZ><C2><Og2 V2 x C? x Rg2

2 2 7 T 2 2 2
C"xXC X 0 C<xC X ;0
We define ,t=vxCcx ,g= txc where t=vx g and where v denotes the relative

velocity. The equation above can be simplified as

2 2

Og + W't _l
2 2 2

rJ C<xC" X R0

7 =, (179)

t t?
We define =Y Thus far, it is —
w9 o2 w9 Zxc

conditions of the special theory of relativity it is

> which completes our proof. Under

2 2
ng + Wg2 :1
rY rO '

(180)

Quod erat demonstrandum.

Scholium.

In our understanding wg represents the gravitational waves under conditions of the special
wl _ VX ggxC _ b
c? c? c
based on the difference between the strength of a gravitational field and the gravitational field
itself.

v
theory of relativity. Consequently, it is ,, g = =—x 0. This theorem is
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3.18. Theorem. Newton’s second law

The gravitational field itself and the gravitational field strength are not identical. The
gravitational field strength, denoted as ag, is not identical with the gravitational field, denoted
as rg, itself. The gravitational field strength in the international system of units is measured in
meters per second squared [m/s?], the gravitational field due to our proof above is measured
in seconds times (second squared per meters squared) or as [s3/m?]. Mathematically,
acceleration itself is defined as change in velocity (Av) divided by the duration of the period
(At), the SI unit for acceleration is the meters per second squared [m/s?].

Claim.

Under some well defined conditions, the gravitational field rg itself and the gravitational field
strength .g are equivalent. We obtain

.0 =C"xC*%zQ . (181)

Proof.
Newton’s second law from the standpoint of the stationary observer R is defined as

rRF=mx ra. (182)

In general, vector quantities can be substituted by scalars in the equations as soon as motion
is in a straight line. Thus far, let us consider motion is in a straight line. According to the
equivalence principle the gravitational mass of a test particle is equal to the inertial mass of
this particle and we obtain

rF=rMx ga=pmx g (183)
Multiplying Newton’s second law by an unknown parameter rX, we obtain

rF X gX =gmx g x X (184)
We equate this equation with RE*rt and obtain

REXRtZRmXagXRX_ (185)
Due to special relativity and our proof above, this equation can be rearranged as
AMxC°x,gxC° = Mx _gx X (186)

The unknown parameter rX follows as

36 Manuscript submitted to ViXra.org (Saturday, May 23, 2015)
© llija Barukci¢, Jever, Germany. All rights reserved. Saturday, May 23, 2015 15:39:59.



Ilija Baruk¢i¢ — The physical meaning of the wave function.

g
R X =c?xc?xB= (187)

a9

Under conditions where rX = 1 it follows that
2 2
ag=C X C XRg ) (188)

Quod erat demonstrandum.

Scholium.

There may exist circumstances where acceleration and gravitational field are equivalent but
this must not be regarded as being given in general. In general relativity, the gravitational
field is associated with the metric tensor gae.. The metric tensor gae of the general theory of
relativity is not completely identical with the gravitational field. By the way, it should be
stressed that the metric tensor g.e is more or less a kind of a generalization of the Newtonian
gravitational potential and not of the gravitational field.

3.19. Theorem. The “mass-equivalent” of a photon m,

Let ,m denote the “mass-equivalent” of a photon. In general it is

h _
sM = ~7,37250372649051x10 x(g f=1) (189)
Proof.
Due to Axiom I itis
+1=+1 (190)
or
WaveE = WaveE . (191)

The energy of a (electro-magnetic) wave, denoted as waveE, is or can be treated a being
massless. But due to special relativity, energy, even if mass-less, is “equivalent” to a certain
amount of mass too. We obtain

2
p mxc :WaveE . (192)

where pm denotes the mass-equivalent of an electro-magnetic wave. The same wave energy
(from the standpoint of a stationary observer R) can be quantized and is determined as

me02 = thf (193)
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where rf denotes the frequency as associated with a certain electro-magnetic field.
Rearranging equation, we obtain

h

;m = c_szf _ (194)

This relationship is valid in general but equally for a photon with a frequency of rf = 1. Under
these circumstances (rf = 1), we obtain

h
oM=—x(af =1), (195)

In SI-Units it is

h 6.6260755x10
p - _2X1: +2
c (299792459

=7,37250372649051x10™" (196)

Quod erat demonstrandum.

Scholium.

A photon, an elementary particle and the force carrier for the electromagnetic force, is the
quantum of all forms of electromagnetic radiation and of light too. In empty space, a photon
moves at the speed of light c. The photon has an energy of the amount Ewave. In fact, due to
special theory of relativity even photon’s energy is equivalent to certain amount of mass pm
and we obtain Ewave = pm * c% This does not imply, that a photon must possess a (rest-)mass.
The energy (and momentum) of a photon is depending only on its frequency or inversely on
its wavelength. The lowest frequency possible a photon can have is equal to rf=1.
Consequently, the mass-equivalent follows as ,m = 7,372 503 726 490 51 * 10 -51.

3.20. Theorem. The “mass-equivalent” of a photon ym

The mass-equivalent of a photon pm is defined as
o M=2X 7 x &y X iy X ixg (197)

Proof.
Due to Axiom Il it is

+1=+1. (198)
Due to quantum theory itis +1= " and equally +1=c?xg,x u,- We obtain
2x 7 xh
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h

— =C%x& X U, . 199
% 7% A o X Hy ( )

Rearranging equation it follows that

h
C—2:2><7z><80><yoxh_ (200)

Multiplying the equation before by rf, the frequency (from the standpoint of a stationary
observer R), we obtain

L><Rf=2><7r><(90><,uo><h><Rf (201)

CZ

which completes our proof. In general, the “mass-equivalent” of a photon from the standpoint
of a stationary observer R) follows as

rM=—x T =2x7mxgyx py xhixgf (202)

CZ

Quod erat demonstrandum.

3.21. Theorem. The “mass-equivalent” of a graviton gm

Two photons (,m1 and pmz) with the frequency f = 1 and at a constant distance are moving
uniformly and in straight line (inertial frame of reference) somewhere in deep space without
being disturbed anyhow. Thus far, Newton’s laws of motion are valid. Under these conditions,
the “mass-equivalent” of a graviton can be calculated approximately as

<M=1.34605337x10 ** (203)

Proof.
Due to Axiom [ it is

+1=+1 (204)
or
o F=oF (205)

According to Newton'’s law of gravitation, we obtain

B 0G><pm1><pm2
o = (206)
,dx,d
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where ,m, denotes the “mass equivalent” of the one photon 1 and ,m, denotes the “mass
equivalent” of the other photon 2, G is the Newtonian “constant” of gravitation and ,d is the
distance between the two photons. Rearranging this equation, we obtain

h h
onczx(of =1)1>< 2 X(o]c =1)2

F = C
oF =
CX, (t = 1)><0 d (207)
since ¢ X o(t=1) = o,d and the “mass equivalent” of the one photon is ,m = Cizx
(f = 1). Multiplying this equation by ,d we obtain
h h
oCx 5 x5
C C
Fx,d =
0 0 C (208)

On the left part of the equation there is something like energy E = F X ,d =

cm X c* where ;m denotes the “mass equivalent” of the graviton. Following from the
above, one obtains according to Newtonian axioms and special relativity theory the equation

G C x Cz « Cz (209)
Dividing by c? it is
oG xhxh
© cxCc?xc®xc’ (210)
However, in SI Units, we obtain
6.67259x10" x6.6260755x10°*" x6.6260755<10°**
cM= 7 (211)
(299792459
A convincing formulation of the “mass equivalent” of the graviton follows as
<M=1.34605337x10 ** 212)

Quod erat demonstrandum.
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Scholium.

The “mass equivalent” of the graviton ;m does not imply that a graviton as such does
possess any kind of a mass. The graviton (as a hypothetical elementary particle which
mediates the force of gravitation in the framework of quantum field theory) is expected to be
massless. This result suggests that, if it should be possible to convert the massless elementary
particle graviton into energy completely, the “mass equivalent” of the graviton would be
equivalent to ;m = 1.346053370 x 10 ~13¢ Thus far, there is no experimental evidence
that a graviton exists. We are just assuming that a graviton exists.

4. Discussion

The theory quantum mechanics, perhaps the most revolutionary theory in the history of
science, has raised innumerable questions to physicists, chemists and philosophers of science.
Strictly speaking, the wave function is still one of the pillars of quantum mechanics. Thus far,
there is nothing mysterious with the wave function. The wave function is existing
independently of human mind and consciousness and something objective. The wave function
is the quantum mechanical equivalent of the notion time rt of the special theory of relativity.
In particular, another crucial aspect of quantum mechanics is the reduction of the state vector
(i.e. collapse of the wavefunction).

The collapse of the wave function and the correct understanding of the collapse of the wave
function addresses several distinct, important and far reaching issues of the foundations of
today's physics and science as such. Originally, the concept of wavefunction collapse was
introduced by Werner Heisenberg in his 1927 paper "Uber den anschaulichen Inhalt der
quantentheoretischen Kinematic und Mechanik" and later incorporated into the mathematical
formalism of quantum mechanics by John von Neumann in his 1932 publication
"Mathematische Grundlagen der Quantenmechanik". In his 1927 paper, Heisenberg writes

"durch die experimentelle Feststellung: "Zustand m" wahlen wir aus der Fille der
verschiedenen Moglichkeiten (cnm) eine bestimmte: m aus, zerstoren aber gleichzeitig, wie
nachher erlautert wird, alles, was an Phasenbeziehungen noch in den Gréfden cnm enthalten
war." [15]

It is easy understand the core of this problem. A (relativistic) system evolves in time by the
continuous evolution via the Schrédinger equation or some relativistic equivalent. Under
appropriate circumstances, the wave function, initially in a superposition of several
eigenstates, collapses or reduces to a single eigenstate, that what is measured by a moving
observer 0. However, after the collapse of the wave function, a physical system is determined
or described again by a wave function.

Thus far, the continuous evolution via the Schrédinger equation and the collapse of the wave
function are the two basic processes by which quantum systems evolve in time. However, let
us focus on the appropriate notion of the collapse of the wave function. Is the collapse of the
wavefunction a fundamental and objective physical phenomenon of its own, rather than a
non-real theoretical mathematical construct? Does the collapse of the wave function takes any
time, the collapse time?
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In contrast to the Copenhagen dominated interpretation of quantum mechanics, i. e. Penrose
has put forward an approach that the phenomenon of wavefunction collapse is a real physical
process. Penrose approach to the problem of the collapse of the wave function [16] may not
be correct in detail, but the same goes into the right direction. The collapse of the wave
function is something objective and happens everywhere around us. It appears to be possible
that within the collapse of the wave function, the cause of the beginning of our world can be
found.

It is clear, that if we divide i.e. rt/c? we will obtain something physical real and not only a new
mathematical construct. But the question allowed is of course, is rt/c? really identical with the
notion gravitational field (under conditions of special theory of relativity). Thus far, the
prediction of gravitational waves even under conditions of special theory of relativity is of
course highly speculative but the same has to potential to help us to decide about the
correctness of the equivalence of time and gravitational field in general.

5. Conclusion

The problem of the physical meaning of the wave function is solved. The wave function is
quantum mechanical analogue of the notion time rt of special relativity.
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