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3. RELATIVISTIC QUANTUM MECHANICS OF THE PARTICLE
MODEL
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The smplest particle modd is made up of a sngle photon with its two components
traveling in oppogte directions. For the modd at rest with respect of the observer,
eech of its components has one hdf of the totd energy of the modd. This is
congstent with the fact that the annihilation of an dectron par (or postronium aom)
normally gives out two photons traveling in opposte directions with energy of just a
haf of that of the eectron pair mass-energy.

Since the particle model has no net dectric charges', then, according to the Explicit
Equivdence Principle, the properties of uncharged paticles must come from the
properties of quanta of radiation in sationary sates.

3.1 Nonlocal Mass-Energy Conservation

From above it inferred that, the most éementa “object-like’ in nature is a quantum
of radiation whose most important parameter with respect to a NL observer is its NL
frequency. This one is equd to the virtud number of quantum waves (or quantum
cycles) that are crossing some plane static with respect to the observer. According to
the wave continuity and to the EEP

1. The quantum waves or quantum cycles (QCs) confined in the model cannot

! However, inside of the model, some tempora internal field gradients would come out as a consequences of phase differences.
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suddenly disappear leaving nothing, or appear from nothing el se.
2. The net number (n) of quantum waves (or QCs) per unit of local time reflected in
itsmirrorsis constant.

Thus the sum of the model NL quantum frequencies, with respect to an invariable
clock, must also be a constant. The same holds for many particle systems.

Then, in generd,

The sum of the NL frequencies of the quantum's confined in isolated systems, with
respect to a NL observer in a fixed G potential, is constant?.
(NL mass-energy and frequency conservation with respect to an observer in a fixed
G potential).

3.2 Quantum Vector conservation
The minimum particle model at rest with respect to the observer is made up of two
hdves of a single quantum® traveling in opposite directions. Each one has energy

equal t072hN-(0.1)  The net modd NL quantum vector, with respect to an observer at
r*, is

® 2@ NGy
Q.0rnN=ga4q9.0n=—-n.@0r) =0
=1 =12 . E3.1

If the system is drictly isolated in an isotropic space, this vector remains congantly
null, i. e, the systlem remains, indefinitely, a rest relative to the observer.

On the other hand the net NL mass-energy confined in the modd is, by definition:

2 guch constant can have different values for observersin different potentials because their clocks (time units) are different with
respect to each other.
% Individually, they may be thought as “leptons”




THE NEW UNIVERSE FIXED BY THE EQUIVALENCE PRINCIPLE AND LIGHT PROPERTIES 3

m. (Or)—a n (0,r) =hn. (O,r)
2 2 : E3.2

n+(0,r) isthe modd NL frequency, at rest a r, with respect to the observer at r*.

In the case of the model moving relaive to the observer, the modd vectors are no
longer opposed to each other and, therefore, the net modd frequency vector is no
longer zero. This one turns out to be equal to the net rate of propagation of quantum
cycles in some well-defined direction, with respect to the observer’s clock.

® i

® i 3
q(br)a L(br) o0

1 j=1

QJ%
I\)|3‘

®
Q.(br)=

j E3.3

When the isolated modd is moving with respect to the observer, in a space of
isotropic  properties, each of its interna  components recovers its origind modulus
and orientation after a pair of internd reflections.  This means that the net quantum-
vector of the mode remain congtant with the time. Then it may be concluded thet:

The NL quantum vector of an isolated model moving with respect to a fixed
observer, in a space free of gradients of the NL refraction index, remains constant.
(NL guantum vector conservation law)

This law accounts for momentum conservation and for the body's inetid
properties.

This property can be easly generdized for a more complex system made up of two
or more particle models, with some bonds between them.

Effectivdly, snce any bond between two modds must be a dationary wave, this
one is equivdent to third particle model. Then the above conservative properties
also hold for the sum of the quantum vectors of the three particle models®. In a

“ Notice that the sum of these frequencies is equal to the virtual number of quantum cycles that are reflected by the particle
model mirrorsin just one standard second. Such number accounts for the mass-energy confined in the model.
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smilar way these properties can be easly generdized for any isolated syssem made
up of many particle-modes moving with respect to the observer.

For a system with z particle models, moving in a space of isotropic properties, its
net NL quantum vector is aso congtant with respect to afixed observer:

N

®

z®| h ®
Q,.(br) = a. (b, ):5 n . (br) = constant

Q,)o
T QJON

E3.4

=1

On the other hand, the net NL mass-energy confined in the moving modd is
obvioudy equd to the sum of the energies of its components.

m. (b,r) = g hn', (b,r) = Constant
i=1 E3.5

Notice that the concept of mass, here, is associated to the net energy confined in the
system, in rather stationary states®. This relation aso comes out below, explicitly and
naturaly, during the interaction of the model with other bodies, in E3.7 and E3.8.

Equations E3.5 and E3.4 have been cdled here NL mass-energy and quantum-
vector conservation laws, with respect to some fixed observer. Notice that hese laws
are conseguences of wavelet continuity. According to it:

The number of quantum waves confined in stationary radiation cannot
change. Such number is also equal to the sum of the virtual number of
guantum cycles reflected within a free particle model, in the observer (fixed)

time unit.

Then, from the EEP and wave continuity it may be concluded:

*Theinertial and gravitational properties of the model are derived below, at posterior, from the model radiation properties. Then
it is meaningless to talk about inertial or gravitational mass because this value does not depend on the methods (inertia or
gravitational ones) used for measuring it.
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For a system of many particle models traveling in an isotropic space, the sum of
their NL quantum vectors and the sum of their absolute valuesis constant®.

This is obvioudy consgent with the conventiond momentum and mass-energy
conservation, respectively.

For NL cases in G fields, the corresponding conventional laws are not well defined
because the unit sysems of obsarvers in different G potentids are not drictly the
same with respect to each other. These laws can get a well-defined meaning only if
the masses or frequencies are referred to the unit system of some single observer in
some well-defined state of velocity and G potential.

3.2.1 Electromagnetic inter actions with the particle model

For amplicity, let us sudy the locd case in which it is not necessxy to use
subscript.

A AA (M)
AR 7t (D)
4 5
n 50 N ¢ (o

I e) %) w2
B B (M2
Fig. (3.13) Fig.(3.1b)

® Notice that the ultimate reason for these conservative propertiesis just wave continuity, i.e., the quantum waves, or the
guantum cycles, can be exchanged but they cannot suddenly disappear or appear in the empty space, even during model
interactions. In more conventional terms, in a space free of gradients of the NL speed of light, the NL mass-energyandNL
momentum are conserved because, according to wave continuity the net number of quantum cycles traveling along any
direction, cannot suddenly disappear leaving nothing, or appear from nothing else




6 THE NEW UNIVERSE FIXED BY THE EQUIVALENCE PRINCIPLE AND LIGHT PROPERTIES

In Fig. 3.1a, the system is made up of a single photon (coming from the left) and a
transversal model (AB) at rest with r. In Fig. (3.1b), after the photon reflection, the

model is moving towards the right with a velocity b=V /c=snq

In Fig. 3.1a a transversd mode a rest with respect to the observer reflects a
photon coming from the Eft. The modd is made up of a single quantum of radiation,
in the simplest kind of stationary state, within a wave cavity. The waveets, traveling
up and down, are the mirror reflections of each other. Each one corresponds to

energy’ of a half of that of quanta, i.e, E =%hn'(0. They may eventudly be
leptons®. They have been labeled with a super-index j. For smplicity, each one can
be assgned with a congant " = 1/2h. In this case, there are no externd field
gradients and, for samplicity, the podtions of the object and of the observer have
been omitted. Only their relaive veocities (o = V/C), in a parenthess, are explictly
stated.

Fig. (3.1b) is the same sysem, after the reflection of the externa photon coming
from the left. The values of the vectors are fixed by Quantum Vector Conservation.

a) Quantum vector conservation
According to it theinitia quantum vectors of the system are equal to the find ones’:

n+n(0)=n+n(b = Q* E36

The ret mode frequency vector is obvioudy zero. From Fig. (3.1b), the net
quantum vector of the moving modd is equd to the sum of its components.

7 Since this case does not involve a G field, the object and observer positions are omitted, for simplicity.
8 This model is consistent with a positronium atom or an electron-positron pair (€ - e+). Itsannihilation normally relesssstwo
Ehotons traveling in opposite directions

To start with the simplest case, in this example there are not external fields. Then the quantities used here do not dependon
NL positions. For this reason, and for simplicity, the subscripts have been omitted. However they are implicit. Below, for G
fields, the same relations are used but with explicit subscripts so as to check that all of the local quantities have been
transformed to the same common unit system based on a standard in afixed state of potential and velocity, i.e, thet theNL
relations are physically homogeneous.
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. 2 i .
Q(b) = 52 Dnj(b)sinq: 5 hn’(Qsing __m(0b - m(b)b

i=12 i _a2
= j=12 @A 1 p? E3.7

Where the modd rest mass and the moving nass, with respect to the observer at ret,
are, by definition and Fig. 3.1b:

_gﬂ. _§Dni(0)_rr‘(0)_ _ 1
mbrazrt-a 2y e O e E3.8

j=1 =1

From E3.7, the momentum and the quantum vector turn out to be related by:

m(b)

Q(b) = m(b)b = p(b)c p(b) = C_zV =m~(b)V £3.9
. )
where c¢? isthe ordinary Newtonian mass™. E3.9b

During the reflection of the externa photon, according to quantum vector
conservation, the transversa projections of the moving model quantum vector do not
change. According to thisand Fig. (3.1b),

mb) _nd __ 1

— = = 2 - -
n(0) =n(b)cosg=n(b)y1- b mo) n0) [ 2

=9
E3.10

Then the model mass, with respect to the observer at rest, increases with the velocity
just in the way predicted by specid relativity.

b) Mass-Energy Conservation

19 Notice that the conventional concepts of forces (dp/dt) and inertial masses (F/a) can be obtaned in adraightforward way
from the last relationships.
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According to quantum cycle conservation, (or mass-energy conservation) the initid
and find quantum frequencies, with respect to the invariable clock, should not
change, regardiess on the orientations of their quanta. Thus the sum of the initid and
the find frequencies with respect to the same observer must remain the same.

n +n(0)=n +n(b) E3.11
According to thisand E3.10, the energy given up by the photon to the body is
E- E'=hn- hn'=hn(b)- hn(0) =m(0)[g- ] g=[1-b%] 1 E3.12

The condgtency of the above relations with specid rdativity is evident.

¢) Local longitudinal wavelength contraction

From above, the local speed of light is congtant. This one is the scalar product of
the frequency and waveength vectors. Thus the increase of the average frequency of
the longitudind modd is associated with an average waveength contraction aong
the direction of movement:

Cc Cc 2 2
l(hh=——=—"_/1-b :IO,/1-b
® n(b) n(0) © (Wavelength contraction) E3.13

From quantum vector conservation, the changes of the longitudind components of
the dua vectors do not change the transversal ones. This means no modd transversa
contraction. The relation between these vectorsisaso clearer in Fig. 3.2, below.
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3.3 Quantum Mechanical Waves

The modd’s podtion comes out from plan inteference of its wavdes In
principle such pogition does not depend on the modd orientation. This fact has been
proved, beow, after usng longitudind and transversa orientations. The more
graightforward relations come out from the transversd orientations. The longitudina
orientations are used in the APPENDIX A.

3.3.1 Transversal modd orientation

From the Huygen's principle, the modd wavelets must interfere constructively but
only within it and its reflection boundary (short-range fidds). Thus the modd
relativigic quantum mechanica properties are ultimately fixed by the dua properties
of its Sationary radiation.

Fig. 3.2 In the transversal model moving towards the right, the wavelet-fronts
propagate themselves in the direction of the vector | (b) with the speed c. After one
wavel ength the point A is translated up to C, which is the De Broglie wavelength.

The De Broglie wavdengths, for example, can be derived from the indination of
the modd wavefront of a transversd modd. In Fig. (3.2), this is given by the angle q
between AC and AB:

| (b)
I *(b) E3.14

Sinq:l:b:
(o]
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From E3.14, E3.13, E3.10 and E3.9

Ib)e_ 2 _h® _  h _ h
V. nbv mbVv v pb) E3.15

| *(b) =

Thisisjud the De Broglie wavelength.
Within the model the mode each wave front propagates itsef with the speed of
light. However their interference pesks move to the right with the velocity

2
__¢ _¢
WO =5 g™V E3.16

Thisisjus the wave velocity of the De Broglie waves.
The reason for these waves is even more clear in the next more detailed deduction.

In Fig. 3.3a the modd moving towards the right is made up of Sationary waves
traveling between the mirrors M1 and M.

I ¥

I Ay

Fig. 3.3a. Wavelet fronts AB and A’B’. of a model moving transversally towards the
right with a velocity b = V/c= sinq. They are inclined relative to the mirrors.
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\4 hn(b)sing = p(b)c
\‘\\
. C hn(0) (b)
| (O) | (b) \‘\~\\\
a4 g
q — S~
Veocities \\\
">y | Frequencies
' - "1 (Energies

Wavelenqtt | *(b) (De Broglie Wavelength) nd

momentum)

Fig. 3.3b. Vector diagrams for the model in Fig. 3.3a.

The wave amplitude a P, with respect to the observer a O, result from interference
of the direct and reflected wavelets. They depend manly on the phases of the
origina wavefront, front at adisance s from the observer,

. i s {l
j (s =2pjn(bjt +——v,
(o4 =2pirl5) 1G] E3.17
and the reflected one, at the intersection point P,
i
j(9= 2|O|n f\; P
E3.18

The net amplitude resulting from interference is

Y U sin2pi+ singZpiﬂo['J
(D) & 1(b) g E3.19
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From Fig. 3.3a,

S=xsing + ycoq and s$=PO- P C=ycosq- xsng. E3.20
The result from E3.19, E3.20 and E3.18, after taking into account the relativistic
wavelength contraction shown in Fig. 3.3, can be expressed in terms of functions that
depend either on x or on y, respectively
Y u2sinj (y)cog (X) E3.21

xsingfl

. j
j ()= 2p{n(p)t - =0
o 1) E3.22

. i ycosqfl iy i
i (y)=2pj y = 2P| y
IO I E3.23
Y (x,y,0) =y (Y) cosZm(b)}t . Xby y(y)= mesian}:L.g
1och HOh  E3os

From E3.24, these waves are modulated by a function of the model pattern given to
the right. The maximum modd haght is | (0), i. e, constant. Notice that this does not
depend on the velocity, in spite of the generd contraction of the modd front
waveengths observed in Fig. 3.3.

E3.24 shows a travding wave whose velocity and wavelength can be derived by
meking Y (X, y, t) = constant.

2

1K c

b)j=—) = =
w(b) ﬂ)Y v E.3.25

£
b
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_wb)_I(0)_ & _h®  h_h
b b nbv mbv bV pb) E3.26

" (o

The grict consstency with the De Broglie waves is obvious.
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3.4 Some Quantum Mechanical Differential Equations
Ordinary wave equations are normaly dated by using the red pat of complex
rotating vectors. For the modd waves resulting from interference of the modd waves

itsangular velocity is w= 2pn For E3.24, the wave amplitude isthe red part of:

Y (x,t) p €Ky feogw(b)t- k' (b)x] +isenfw(b)t - k'(b)x]}
E3.27

Inwhich

wb)=2pn(b) ad Kk'(b)=2p/I*
E3.28

According to Fig. (3.3b), these parameters are related to each other by

n?(b) =n?(0) +[n(b)b]”  [m(b)]* =[m0)]” +[p(b)c]’
E3.29

W (b) =w?(0) +[k(b)c]” E3.30
Inafirst order gpproximation,

[k (b)e]”

b 0
W(b) @WO) D) £3.31

From E3.27 and E328, by usng h=2p: and partid derivatives, we can get direct
relations between the model variables and the partid derivatives.

mb) . 1 qY(x,t) -1 TPY(x,1)
b) =2 b) = =- Y b) =
Wb) =2p(b) === =100 ¢ O =y £3.32
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2p_pMd ;1 WD

KB=1r= Y(xt) 1K {k(b)

2_ -1 7Y (x,1)
Y(xt) I E3.33

From E3.30, E3.32, and E3.33 two kinds of differentia equations are obtained:

e i WU _emou  c® TPY(x1)
EY(xn T 4§ &rnlH Yy %

E3.34

L1 TYXD _émOu’ ¢ TPY(xD)
Yxt) & ald Yy W

E3.35

The lagt relation accounts for the Klein-Gordon equation.

The Schroedinger equation comes from the approximation E3.31 and the equations
E3.32 and E3.33.

in Y (xt) 1 TPY(xt) nc?
Y(x0) % @m(o)_Y(x,t) ™ 2mb)

E3.36

n2c? PY (x,1) . Y (xt)
D) T - in T @m(0)Y (x,t)

E3.37
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