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A particle-free model of matter based
on electromagnetic self-confinement (II)
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ABSTRACT. This article sets out to demonstrate that electromag-
netic radiation with an energy density in the order of magnitude of
10™[J/m?] satisfies the condition of stability for gravitational self-
confinement, while its corresponding electromagnetic vector wave
function satisfies the classic Schrédinger wave equation and the rel-
ativistic Dirac equation. The complex electromagnetic vector wave
function is denoted in this article by 5(5, t) and exhibits a correspon-
dence with the scalar quantum-mechanical complex probability func-
tion W(Z,t), that cannot be explained by chance. The electromag-
netic model also admits other forms of self-confinement of electro-
magnetic radiation, including electromagneto-static self-confinement
at considerably lower energy densities, in which circumstances the
descriptive complex electromagnetic wave function also satisfies the
Schrédinger wave equation.

RESUME. Il est montré dans cet article qu’un Tayonnement
électromagnétique a densité énergétique d’un ordre de grandeur de
10™[J/m?>] satisfait la condition de stabilité pour ’autoconfinement
gravitationnel et que, par conséquent, la fonction d’onde wvecto-
rielle électromagnétique correspondante satisfait l’équation classique
d’onde de Schrodinger et la relativiste équation d’onde de Dirac.
Désignée <I_5(§J'7 t) dans cet article, la fonction vectorielle d’onde
électromagnétique complexe présente une concordance qui ne peut
étre considérée comme fortuite avec la fonction de probabilité com-
pleze de la mécanique quantique scalaire, V(Z,t). Le modéle
électromagnétique autorise également d’autres formes d’autocon-
finement du rayonnement électromagnétique, notamment l’autocon-
finement électro-magnétostatique avec les densités énergétiques beau-
coup plus faibles, en quel cas la fonction d’onde électromagnétique
complexe descriptive satisfait également la fonction d’onde de
Schrodinger.
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0. Introduction

Due to the length, this article is split up into 3 sections. Section
1 was published in the last edition and described the relation between
the Maxwell equations and the Schrédinger wave equation. This sec-
tion describes the correspondence between the electromagnetic Maxwell
equations and the quantum mechanical (relativistic) Dirac equation.

3. The Dirac equation related to the Maxwell equations:

In what is undoubtedly one of the great papers in physics of this
century, Dirac set up a relativistic wave equation which avoids the dif-
ficulties of negative probability density of the Klein-Gordon equation,
and describes naturally the spin of the electron. Until Pauli and Weis-
skopf [23] reinterpreted the Klein-Gordon equation, it was believed that
this Dirac equation was the only valid relativistic equation. It is now
recognized that the Dirac equation and the Klein-Gordon equations are
equally valid. The Dirac equation governs particles of spin 1/2, the
Klein-Gordon equation those of spin zero [22,p.349]. Self confined elec-
tromagnetic radiation (EMS) presents a characteristic effect indicated
as ”spin”. Spin is a fundamental key in relativistic quantum mechanics
[1,4,5,7,10]. Dirac with his relativistic equation for the electron was the
first to, as he put it, wed quantum mechanics and relativity together.
The consequence of negative energies, that the Dirac equation presents
when it is solved, introduces the existence of anti-particles, necessary to
wed quantum mechanics and relativity together [21]. This can be worked
out for any ”spin” as showed by Pauli and Weisskopf [23]. In this arti-
cle, electromagnetic radiation is considered as the building material of
a simultaneous particle/anti-particle combination [5] which can under
special conditions split up into two separate independent particles, both
consisting of self confined electromagnetic radiation [3,4,9]. The Dirac
equation [13,22] can be derived from the continuity equation (42) or the
Maxwell equation (60). The continuity equation equals:

~ Ow(z, )

(57)
Substituting (14) and (15) in (57) results in:

iV - (B x B) = —8@87?) (58)
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Which can be written as:

. - - - . 0% L, 09
ic@-(v’xé*)—icé*-(v'x@):—@-%—é*-%—t (59)

Equation (59) can be split up into two identical equations for ® and

®* respectively, which only are distinguished in sign:

- 0%

Vixd=—-—— 60
c Ot (60)
Substituting equation (3A) in the appendix in (60) demonstrates that the
Maxwell equations (29A) and (32A) follow straight from the continuity
equation (57) [23,p.201]. To transform the electromagnetic vector wave

function @ into a scalar (spinor or 1-dimensional matrix) representation,
the Pauli spin matrices are introduced:

0 1 0 —i 1 0
e = (1 0) (z 0)"2_(0 —1) (61)
which matrices are presented by the vector notation ¢. The Pauli spin
matrices obey the equation:

0a0p = 1€apcTc + Oap (62)
in which €4, is the Levi-Civita tensor whose value is +1 or —1 if abe
is an even or odd permutation respectively. The electromagnetic vector

wave function @ is transformed into the matrix representation U by the
scalar product of the Pauli matrices ¢ and the vector wave function 3:

-G @Z (I)w—iq)u _ us Uy
U=0c = ((I)l—‘r’tq’y —q)z ) o (U4 U (63)

For a more common notation in the continuity equation the spinor U is
presented as:

Uy ¢, — 1P,
7 (5 o _(I)z
U=\ wl= b, (64)

Uy b, + ’L'(I)y
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Both sides of equation (60) are multiplied scalar by the Pauli spin ma-

trices: .

= id 0D
7-(Vx®)=——[—
7 (Vi x2) c [ ot }
From equation (62) it follows that:

- -

(G-V)(@B) = (V- B) +iF - (V x B)

Substituting (66) in (65) results in:

Q| Qu
Q
Sl

(G- V)G B) — 0up(V - Phi) =

From (61), (63) and (67) follows the equation:

9 9 - 9
(&-V)ﬁ:( 5z [am—zay})(ug u1>:<y3
[a%+i%] *% Ug U2 Y4

in which:

8U4 _8U4 8U3
Y3 = e Zé‘iy e
61@, _8’&3 8u4
Ya = oz Zﬁiy T .
611/2 ,6’&2 8u1
N = e Zﬁiy e
8u1 ,6’&1 8u2
Y2 = Dz Zaiy T,

(65)
(66)
(67)
(2
" ) (68)
(69)

Substituting (68) and (69) in (67) results in a matrix presentation for

the Maxwell equations (29A) and (32A):

8U4 ,8U4 8U3 2 16’(1,3

o oy "o Ve W
Ous JOus Ouy 1 Ouy
Tt =t (2)
ox oy 0z c Ot

Oup Oy |, 0w _ 10w
ar 9y | 02 ¢ ot

8u1 ,8u1 8%2 -~ 18“2

P T P A it TR
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The Maxwell equations (70) demonstrate an asymmetry in relation to
the spatial charge density which is countered by adding and subtracting
the equations (70-1), (70-3) and (70-2), (70-4) respectively.

8(“28"/1’; us) ia(uQa—;— Ugq) n a(ula—;— us) v.3_ 8(u18;—f us) (1)
a(ula—; u3) n Z_a(ula—;; us) a(uga—: ug) v.3- 8(1@8;: Ug) @)
8(u28; us) Z,B(uga; uy) N a(ula; us) . G(UBC—t u3) 3)
8(ula; us) n i&‘(ulay uz) 8(1@8; us) v.3_ 8(1@8; Uyg) )

(71)
In a charge-free region it follows from (3A), (30A) and (31A) that (&, )
is divergence-free and the matrix presentation (71) for the Maxwell equa-
tions equal the Dirac equation for elementary particles (e.g. photons)
with rest mass which equals zero [22,p.351,p.379]. In a charge-free re-
gion, V- & = 0 and the Maxwell equations (71) can be rewritten as:

8(u2 + U4) _ Z&(ug + ’LL4) " 8(u1 + U3) . 1 8(u1 + ’LLg,)

o dy 9z ¢ ot (1)
8(u1 -+ U3) 8(u1 + U3) 8(u2 -+ U4) 1 3(u2 + U4)
+1 — == (2)
ox y 0z c ot (72)
8(’&2 — ’LL4) _ 26(1@ — ’U,4) + 6(’&1 — ’LL3) _ lﬁ(ul — ’U,3) (3)
ox y 0z c ot
O(uy —ug)  O(ur —uz) O(uz —ug)  10(ug —uy)
ox e oy 0z Cc ot )
The corresponding spinor U, is given by (64):
U1 + us by —iDy + Py
77 U + Uy _ @X‘i‘i‘l)y—(bz
UC_ U1 — us - ‘I)X—i(I)y—‘I)Z (73)
U2 — Uy 7@){72'(1)3/7@2

Because mass is a relativistic effect of (confined) energy, it is a
reasonable suggestion to couple the coordinate system of the electro-
magnetic energy confinement relativistically to the coordinate system
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of the observator to introduce the relativistic effects of confined energy,
observed as finite rest mass, into the continuity equation (57) or its
equivalent, the Maxwell equations (72). It is taken into account that
the Maxwell equations (72) describe in principle particles with a rest
mass zero (e.g. photons). To derive from (72) the Dirac equation,
describing elementary particles with a finite rest mass, a simultaneous
particle/anti-particle combination is chosen which particle pair has to
satisfy the Maxwell equations (72). This was done before by the rela-
tivistic derivation of the Schrodinger equation (56) from the continuity
equation (42) and in a comparable way in the following by the deriva-
tion of Newton’s law (111) from the relativistic radiation pressure derived
from (108).

This will be realised by defining the relativistic vector wave function
®(Z,t) in (13), describing the electromagnetic field configuration, which
is split up into two parts:

d =70, + D (74)

Equation (74) applies to a monochromatic electromagnetic wave with
frequency wy which is observed by an observer with a relative velocity
U with respect to the confined electromagnetic wave. In this relation the
function ® consists of an elementary function ®; a relativistic function
@, which describes the transformed relativistic part. For the elementary
function @1 we have the relation:

. dp - _
Q) = u(ela + e ) (e e Py
= <75>
_ 78 R(eia N e—ia)(eiﬁ . e—iﬁ)é»E

in which ® (2, ') is a real scalar wave function representing the position
and time-dependent amplitude of the electromagnetic wave confinement
and 8 and « are represented by (28) and (29) respectively. The vectors
€y and € are unit vectors in the direction of the magnetic field intensity
and the electric field intensity, respectively. For the relativistic function
<I_52 we have the relation:

i’Y(I)R
8c
) . ) .

+ ’chR (ewz _ e—za)(ezﬁ

B,y = (eio‘ + e*io‘)(ew + e’iﬂ)ﬁg X €

— e P)ig x ép
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Assuming a monochromatic electromagnetic wave packet with rest fre-
quency wy, for the electric field intensity E(f’ ,t') according to (22) in
the coordinate system of an observer moving at a relative velocity Ug
with respect to the confined wave, the following relation applies:

PR

V2e

for the observed electric field intensity and according to (23):

o U~ X €
B (@ t) ve xen

[€g sin(a) sin(B) + cos(a) cos(f3)] (77)

PR
1/ 2e

for the observed magnetic field intensity. When the observer is at rest,
relative to the electromagnetic field confinement (77) reduces, using (28)
and (29), to:

H (@ 1) = U6 X8 G (o) sin(8)]  (78)

[€rr cos(a) cos(B) —

C@R(f, t)

V2e

and a magnetic field intensity is observed equal to:

E'(& 1) = sin(k - #) sin(wot)ex (79)

B dp(T,t)
H/ :L'/, t/ — )
(70 v/ 2e

To split up the spinor (73) into two parts, describing the part ”+iw” and
7 —iw” respectively, equation (74) is rewritten into:

cos(k - T) cos(wot) @y (80)

d=3,+ 5 (81)
In which the vector wave function @ 4 yields the relation:

$y="r [1+ w—Gx} (cos(a)én + sin(oz)é’E)eiﬁ = Ppae’ (82)
c

and the vector wave function ® 5 yields:

. ® i, U .
op = % 1+ WTGX} (cos(@)éy —sin(a)ép)e P = @rpe™ ™  (83)

where @ R4 and ) rp are real vector functions for the terms e?® and e~ %A,
From (82) and (83) it follows that the complex vector wave function
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® can be divided into terms of e and e~ which has already been
reported by Pauli [11]. For the electromagnetic mass distribution of a
monochromatic (self-) confined electromagnetic wave it follows from (14)
and (81) that:

pem(&t) = (B4 +P5) - ($7 + $5) (84)

An ”x —y— 2" coordinate system is introduced, which is rotated in such
a way that the velocity ¥g of the observer relative to the confinement is
along the z-axis. A linear superposition of confined waves propagating
along the z-axis is considered, describing a monochromatic electromag-
netic wave-packet. A monochromatic wave packet around frequency wg
is considered, which is determined by:

ko+Ak w0+Aw L
/ / W' T g dy(85)
k wo— Aw

in which ®(Z,t) presents the scalar components in (82) and (83) and
Aw/wy < 1 as well as Ak/ky < 1. The vector function ® represents
the part of the vector wave function describing waves propagating only in
the z-direction. From (82) and (83) it follows for the x and y components,
under the restriction that the electric field intensity is oriented along the
z-axis:

- (0] 10U, o . i
Qaz = g fx[ + 7G><](COS(CY)€Y + sin(a)éx)et = = Spaxe”

- P i 5 i
By = TPRX 1+ wicx](cos(a)é'y —sin(a)éy)e " = drpxe”? (86)

The vector wave function, describing the confined electromagnetic wave
packet equals:

Ci;(f/,t/) = éRAXeiﬁ + (i;RBXeiiﬂ (87)
The observer is moving in positive direction along the z-axis. The co-
ordinate system is oriented in such a way that yields: €x X €y = €.
This results in a relation for the relativistic terms in (82) and (83) which
equals: Ug X €g = —vé€x and Ug X €g = véy. Substituting (82) and (83)
in (87) and using (73) and (3A) results in:

—i[1+ ] z(ﬁ+a) —i[l+ ] —i(B+a)
B, #) [ ifl — L0 4 if1 — Lm0
4 —i[l+ ] i(B+a) —i[l+ ] —i(B+a)

U.= |
—i[l — 2]efB=) —4[1 — L]e~i(F=a)

(83)
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The A-part in (82) is describing the e’ terms and the B-part in (83)
describes the e~* terms for the two constituent parts. To describe a
particle/anti-particle combination, the spinor in (73) is split up into two
parts, presented by (89):

ul + us U1 Uus

- U +u a7 U -

U= 2" "=V +U0 = 2|+ - (89)
Uy —usg usz Uy
U — Uy Uy — 1o

Because new spinor components are created which essentially differ from
the original spinor components in (64), these components are indicated
by @. Combining (73) and (88) defines the way to split up both spinors.

E(I)ARX —i®ary + (I)ARZ)ez:[;
= =t > Qsrx +iPary — Panz)e’
Ue=V +V = (®Pprx — i®pry — PpRZ)E™
(—®prx — PRy — Pprz)e
(Pprx — i®PpRry + Pprz)e
(®prx +i®Ppry — PrRz)e™
(Parx —iPary — @ARZ)eié
(—=Parx — iPary — Parz)e’

+

The spinor (90) is split up into two parts, describing respectively a
particle/anti-particle presentation which results into:

—i[l+ %}ei(/ﬂa) —i[l + %]efi(ma)
— g [ [l —2)eilfme v | [l — 2]emiB-) o1
T4 | =il + Ye it T —i[l + 2]etlFte) (01)
—i[l— Lé]efi(,@fa) —i[l — %]ei(ﬂfa)

By splitting up the spinor [1] into two anti-symmetric parts (anti-
symmetric in the arguments a and 3, presented by 28 and 29), the
Maxwell equations also have to be split up in into the anti-symmetric
corresponding parts, with the restriction that the superposition of both
spinors and corresponding equations equals the Maxwell equations (72).
The Maxwell equation (72) are split up in the following way. The
Maxwell equations (72-1) and (72-2) are split up in the Dirac equation
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with positive time derivatives.

Or — oy + 9z ¢ ot (1-A)
()  .0(uz)  O(ur) _ 10(us)

or oy | 0z ¢ 5t (1-B) (02)
d(uz) , O(uz) I(ua) _ 10(u2)

Oz + oy 0z ¢ Ot (2-4)
() n O(t)  O(t) _ 10(ua) (2-B)

Ox ‘ oy 0z c Ot

The Maxwell equations (72-3) and (72-4) are split up into the Dirac
equation with negative time derivatives:

O(ag) . O(ua)  O(ug) _ 10(w)

or oy T ox e o .
R Tt e
E e s

Restricted to (confined) electromagnetic waves propagating along the z-
axis, it follows from (21), (28) and (29) that the relations for the time-
and spatial derivatives of the spinor components ¢® and e in (91) are:

He'P ) .
—ih ;t = ywohe = We'?
7zhaelﬁ _ ’ywoh?}zeiﬁ _ sz 67;5 —p eiﬁ
0z c? c? z
_ih € _ Ywolhvze _ Uz e = cp,et® (94)
ot c c
_ihaem _ ywohv, et _ W i
0z c c

fetP Pelc  geif Pel

or Oz oy dy
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Restricted to the conditions of propagation of the (confined) waves in
the z-direction, it follows from (94):

8ei(6+0‘) v .
0T o L Ve Bt
i 5 W1+ p le
i(B—a) )
_in0¢ — = [1— %)eitb-a)
ot ¢ (95)
.hc‘)eﬂ(ﬁm) Wit ”UZ] —i(B+a)
—h— = — —Zle
ot c
e~ HB—a) v ,
ik — Wi Y-
) 5 14} - le

When the observer is at rest relative to the electromagnetic confinement,
the time derivative of the spinor 7" is considered:
i 8(¢'Rei(5+°‘)

- (et
+ . 7 —
40V i @perP Y

|
)

c of i a(q>R(thi(B+a)
?a(éReqti(B*a)

— e (96)
,i[i%zigcq)}% + %%]ei(ﬁm)
250+ 128a]i-

_ '[%EEC(I)R + %Bg%]efi(ﬁm)

_i[—irzrleEcq)R + %BgtR}e—i(B—a)

in which the notation mg denotes an electromagnetic mass. In station-
ary conditions of the confinement yields 0;®r = 0, on which condition
substitution of (96) in (93) results in the stationary Maxwell equation for
confined monochromatic radiation with rest frequency wo = mpc?/hg:

8’&4 ,317,4 6ﬂ3 imEc -
e S idint:4 — _A
Ox 18y+8z+ hg =0 (3-4)
6’&3 ,3ﬂ3 8114 imEc ~

= 4-A
Ox + dy 0z + hg iz =0 (4-4)

Oy 06y 0 _impe, o
Ox Oy 0z he o
o1y Z% _Ouy MBS s =0 (4-B)
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The non-stationary Maxwell equations for confined monochromatic ra-
diation follows from (96), in which the time derivative is related to the
mode fluctuation of the (confined) electromagnetic wave and is expressed
by 0;®r, which leads to the restriction that the time derivatives in (98)
are not operating on the rest frequency wy but only on the relative slow
fluctuations expressed by 0;®g.

81]4 (9’&4 81]3 Z.T)’LEC~ 6&1 o

e oy T TRy at g 70 BA

8113 8@3 8714 imEc - 6’112

— —_—— — — —_— 4—A

or oy "o T hy 2T e O (4-4) (08)
%_-%_%_imEcﬂ +%_0 (3-B)

ox Oy 0z hg ot

O ;0 Oy impe, | Ous gy p

ot

Within the scope of an electromagnetic model of matter, a particle/anti-
particle combination is described by the superposition of both Maxwell
equations (92) and (93), operating on the superposition of the spinors
V' and V , which equals the Maxwell equation (72). The following
matrices are introduced:
(5 7)
g 0

i- (" ) (99)

Using (99) and (89): V' + V" = U., the Maxwell equations (72) are
split up in the equations (92), which is presented as:

19V ——  imgc
_Eiat +a- VV + hE

BV =0 (100)
and (93), which equals:

19V" _ imgc
ot @ YV hE

BV =0 (101)

[43 ”

in which “mpg” is the total electromagnetic mass of a particle/anti-
particle combination, originating from an electromagnetic confinement.



A particle-free model of matter ... 385

The quantum mechanical (relativistic) Dirac equation [22,p.351] is pre-
sented by:

1OV v+ M - (102)

The summation of (100) and (101) operating on the spinor V =V +

el equals the Maxwell equation (72) operating on an electromagnetic
(monochromatic) confinement with rest frequency wy = mgc?/hg.

The description of electro-magnetism employed in this section refers
to an earlier idea of Lorentz. Namely the basic idea that the observed
relativistic effects of space and time transformations are essentially based
on electromagnetic transformations which are in this theory considered
as the basic fundamentals of space and time. This implies that the idea
of a fundamental aether in this section is not principally excluded. The
theory however requires that the rest mass of the hypothetical aether
is zero, and that the observed energy has to be described in terms of
an aether tension due to an electromagnetic effect, while this tension is
represented by a specific local mass density due to an electromagnetic
energy density. This implies that in absolute empty space (without the
presence of any energy) the aether does not physically exist, but is cre-
ated by the presence of electromagnetic energy.

The theory requires that the observed aether phenomena do not
contradict special or general relativity. This requirement can only be ful-
filled by the assumption that observers are essentially made of AEON’s
(Auto Confined Electromagnetic Entities) combinations, with the ob-
server’s own system variables ¥ in which the time is determined by the
rest frequency wg of the concerned AEON’s and space is prescribed by
the corresponding rest wavelengths, indicated by IZO which transform
according to (25). Only in that special circumstance, space and time,
as discerned by the observer, are fundamentally supported by electro-
magnetic effects and the speed of light, described by an electromagnetic
effect, will be observed as being independent of the velocity relative to
the observer.

Due to the length, this article is split up into 3 sections. The last
section 3 will be published in the next edition and describes the possibili-
ties of space-time enclosures on electromagnetic basis, and the theoretical
possibilities of Auto Confined Electromagnetic Entities (AEON’s).
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