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Abstract

By starting from an infinite dimensional quaternionic separable Hilbert space and its companion
Gelfand triple as a base model, the paper uses the capabilities and the restrictions of this model
in order to investigate the origins of some basic fields. A special method is introduced that
generates normal operators and parameter spaces from existing quaternionic number systems.
The same method is used to relate functions that use these parameter spaces with
corresponding normal operators. Continuum eigenspaces of operators that reside in the Gelfand
triple will represent the investigated basic fields.

The paper exploits all known aspects of the quaternionic number system and it uses
quaternionic differential calculus as well as Maxwell based differential calculus. This is done in
order to investigate the properties and behavior of the investigated basic fields. The two toolkits
offer different views on the basic fields. The views do not affect the behavior of the investigated
field.

Maxwell based differential calculus is commonly used to investigate the electromagnetic field,
but the application of this set of equations is certainly not restricted to the EM field. The EM field
is compared with another basic field that acts as a background embedding continuum. Both
basic fields can be investigated by the Maxwell based equations and by the quaternion
differential calculus. It will be shown that the fundamental difference between the basic fields is
located in the artifacts that vibrate and deform these basic fields.

The paper produces an algorithm that calculates the electric charge and color charge of
elementary objects from the symmetry properties of their local parameter spaces. The electric
charges generate the electric field. Also the spin of elementary objects is considered.

Via the analysis of the Dirac equation the paper indicates that the wave equation is the result of
the coupling between two first order differential equations that hold for different parameter
spaces.

The paper reveals that dedicated mechanism control the coherence of the dynamics of the fields.

The behavior of photons and dynamic electromagnetic fields is used in order to investigate the
long range behavior of these fields. The paper shows that the usual interpretation of a photon as
an electric wave is not correct. In addition the relation between gravitation and inertia is
explained.
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1 Introduction

Indications suggest that electrical charges are properties of space. The major indication is the
fact that quaternionic number systems exist in several versions that differ in their symmetry
properties. These symmetry properties are related to the way that these versions are ordered.
Ordered number systems are often used as parameter spaces. This paper introduces the reverse
bra-ket method, which can relate parameter spaces and functions that use these parameter
spaces to operators, which reside in Hilbert spaces. Apart from a countable number of local
exceptions, the function is supposed to be continuous. In reverse, not all operators can be
related to a pair consisting of a parameter space and a function that uses this parameter space.

As a consequence of the possibility to define operators from a combination of a function and its
parameter space, it makes sense to introduce the notion of types of spaces where each type has
its own symmetry flavor. An important category of these spaces are symmetry centers.
Symmetry centers float on a covering background space that has its own symmetry flavor.

Within a separable Hilbert space such types of spaces can coexist as eigenspaces of
corresponding types of quaternionic operators. That is why we will use an infinite dimensional
separable quaternionic Hilbert space $ as part of our base model. Each infinite dimensional
separable Hilbert space owns a companion Gelfand triple £, which is a non-separable Hilbert
space. In the separable Hilbert space $ the eigenspaces of operators are countable. In the
Gelfand triple H the eigenspaces of operators can be continuums. Together, the two Hilbert
spaces form the base model.

In the separable quaternionic Hilbert space we introduce the concept of well-ordered normal
reference operators. A well-ordered normal reference operator offers eigenvalues that have
unique real parts. The eigenvalues can then be ordered with respect to the values of their real
parts. We will define a well-ordered reference operator R whose eigenspace R acts as a model-
wide quaternionic parameter space. The well-ordered reference operator R that provides the
countable parameter space R in the separable Hilbert space £ owns a companion reference
operator R in the Gelfand triple H that provides a quaternionic continuum eigenspace R. That
eigenspace will be used as the natural parameter space of the quaternionic functions that define
operators in the Gelfand triple.

Fields will appear as continuum eigenspaces of normal operators that reside in the Gelfand
triple. We will show that a category of fields can be defined by using the reverse bra-ket method
and quaternionic functions that use the eigenspace of the reference operator R as their
parameter space. This procedure relates the function and the parameter space to a unique
normal operator that resides in the Gelfand triple. The same methodology can also be applied in
the separable Hilbert space.

Symmetry centers reside in the separable Hilbert space and are maintained in finite dimensional
subspaces. Symmetry centers exist in a small number of types that differ in the corresponding
symmetry flavor. Corresponding normal operators & map these subspaces onto themselves.
Superscript * refers to the type dependent properties of the symmetry center. Subscriptn
enumerates the individual symmetry centers. The center location of the symmetry center
corresponds to the value of a quaternionic mapping function of its quaternionic location in the
parameter space that is defined via the well-ordered reference operator R and its companion R.
That value is a location in a background continuum €. R is the parameter space of the
quaternionic function €(q) that defines continuum € and its corresponding operator €.



The wave equation appears to be the result of the coupling of two first order partial differential
equations for which the subjected functions each use a parameter space that differs from the
parameter space of the other function.



2 Quaternions

Quaternions can be interpreted as combinations of a real scalar and a three dimensional real
vector [1]. The vector forms the imaginary part of the quaternion. The combination supports
numeric arithmetic. The vector part introduces a non-commutative multiplication.

We will indicate the real part of quaternion a by subscripted a, and the vector part will be put in
bold font face a.

a=ag+a (D
a* is the quaternionic conjugate of a.

*

@ =a-a @

The sum of two quaternions is defined by:

c=cp+c=a+b 3
C0:a0+b0 (4)
c=a+b (5

The product rule is defined by:

C=ab=(a0+a)(b0+b)=a0b0—(a,b)+a0b+b0aia><b (6)
Co = g by — (a, b) (7
c=ayb+bjataxb (8)

(a, b) is the inner vector product. a X b is the outer vector product. The + sign signalizes the
choice between a right handed and a left handed external vector product. This choice indicates
that quaternionic number systems exist in multiple versions. Due to the four dimensions of
quaternions will quaternionic number system exist in sixteen different symmetry flavors. This is
treated in more detail in the section about symmetry flavors. The handedness depends on the
symmetry flavor.

d=(ab)=b"a’=c*=ayb,—(a,b)—apb—bsa+bxa 9)

The norm of a quaternion is defined by:

la| = Vaa* = {aya, + {(a, a) (10)

The norm of a quaternionic function is defined by:

11l = j F@F @ dg (1)
q



3 Quaternionic Hilbert spaces
Separable Hilbert spaces are linear vector spaces in which an inner product is defined. This
inner product relates each pair of Hilbert vectors. The value of that inner product must be a
member of a division ring. Suitable division rings are real numbers, complex numbers and
quaternions. This paper uses quaternionic Hilbert spaces [2][3][4]-

Paul Dirac introduced the bra-ket notation that eases the formulation of Hilbert space habits [5].

(xly) = (ylx)* (1)
(x + yl|z) = (x|z) + (y|2) (2)
(ax|y) = a {(x|y) (3)
(x|ay) = (x|y) a” 4

(x| is a bra vector. |y) is a ket vector. « is a quaternion.

This paper considers Hilbert spaces as no more and no less than structured storage media for
dynamic geometrical data that have an Euclidean signature. Quaternions are ideally suited for
the storage of such data. Quaternionic Hilbert spaces are described in “Quaternions and
quaternionic Hilbert spaces” [6].

The operators of separable Hilbert spaces have countable eigenspaces. Each infinite dimensional
separable Hilbert space owns a Gelfand triple. The Gelfand triple embeds this separable Hilbert
space and offers as an extra service operators that feature continuums as eigenspaces. In the
corresponding subspaces the definition of dimension loses its sense.

3.1 Tensor products
The tensor product of two quaternionic Hilbert spaces is a real Hilbert space [7]. For that reason
this model does not apply tensor products. As a consequence Fock spaces are not applied in this

paper.

Instead the paper represents the whole model by a single infinite dimensional separable
quaternionic Hilbert space and its companion Gelfand triple. Elementary objects and their
composites will be represented by subspaces of the separable Hilbert space. Their local living
spaces coexist as eigenspaces of dedicated operators.

3.2 Representing continuums and continuous functions
Operators map Hilbert vectors onto other Hilbert vectors. Via the inner product the operator T
may be linked to an adjoint operator T*.

(Tx|y) = (x|T1y) (1)

(Txly) = (y|Tx)" = (TTy|x)" (2)
A linear quaternionic operator T, which owns an adjoint operator T is normal when

TIT =TTt (3)

Ty = (T + TT)/Z is a self adjoint operator and T = (T - TT)/Z is an imaginary normal operator.
Self adjoint operators are also Hermitian operators. Imaginary normal operators are also anti-
Hermitian operators.

By using what we will call reverse bra-ket notation, operators that reside in the Hilbert space and
correspond to continuous functions, can easily be defined by starting from an orthonormal base

8



of vectors. In this base the vectors are normalized and are mutually orthogonal. The vectors span
a subspace of the Hilbert space. We will attach eigenvalues to these base vectors via the reverse
bra-ket notation. This works both in separable Hilbert spaces as well as in non-separable Hilbert
spaces.

Let {g;} be the set of rational quaternions in a selected quaternionic number system and let
{lg;)} be the set of corresponding base vectors. They are eigenvectors of a normal operator R =
|g;)q;{(q;|. Here we enumerate the base vectors with index i.

R = |9:q:(g:l )
R is the configuration parameter space operator.

This notation must not be interpreted as a simple outer product between a ket vector |g;), a
quaternion q; and a bra vector (q;|. It involves a complete set of eigenvalues {gq;} and a complete
orthomodular set of Hilbert vectors {|g;)}. It implies a summation over these constituents, such
that for all bra’s (x|) and ket’s |y):

(IR y) = ) (xla)aaily) 5)

Ry = (R + RT) /2 is a self-adjoint operator. Its eigenvalues can be used to arrange the order of

the eigenvectors by enumerating them with the eigenvalues. The ordered eigenvalues can be
interpreted as progression values.

R = (R - RT)/Z is an imaginary operator. Its eigenvalues can also be used to order the

eigenvectors. The eigenvalues can be interpreted as spatial values and can be ordered in several
ways.

Let f(q) be a mostly continuous quaternionic function. Now the reverse bra-ket notation defines
operator f as:

f = ladf (@){ail (6)

f defines a new operator that is based on function f(q). Here we suppose that the target values
of f belong to the same version of the quaternionic number system as its parameter space does.

Operator f has a countable set of discrete quaternionic eigenvalues.

For this operator the reverse bra-ket notation is a shorthand for

(lf y) = ) txladfa)aily) 9

In a non-separable Hilbert space, such as the Gelfand triple, the continuous function F(q) can be
used to define an operator, which features a continuum eigenspace.

F = 1q)F(@){ql €)



Via the continuous quaternionic function F(q), the operator F defines a curved continuum F.
This operator and the continuum reside in the Gelfand triple, which is a non-separable Hilbert
space.

R = |q)q{(ql C))

The function F(q) uses the eigenspace of the reference operator R as a flat parameter space that
is spanned by a quaternionic number system {q}. The continuum F represents the target space
of function F(q).

Here we no longer enumerate the base vectors with index i. We just use the name of the
parameter. If no conflict arises, then we will use the same symbol for the defining function, the
defined operator and the continuum that is represented by the eigenspace.

For the shorthand of the reverse bra-ket notation of operator F the integral over q replaces the
summation over g;.

(x|F y) = f xlO)F @ aly) dg (10)
q

Remember that quaternionic number systems exist in several versions, thus also the operators f
and F exist in these versions. The same holds for the parameter space operators. When relevant,
we will use superscripts in order to differentiate between these versions.

Thus, operator f* = |q¥)f*(g7){(q;‘| is a specific version of operator f. Function f*(gq;*) uses
parameter space R*.

Similarly, F* = |q*)F*(q*)(q*| is a specific version of operator F. Function F*(q*) and
continuum F* use parameter space R*. If the operator F* that resides in the Gelfand triple H
uses the same defining function as the operator F* that resides in the separable Hilbert space,
then both operators belong to the same quaternionic ordering version.

In general the dimension of a subspace loses its significance in the non-separable Hilbert space.

The continuums that appear as eigenspaces in the non-separable Hilbert space H can be
considered as quaternionic functions that also have a representation in the corresponding
infinite dimensional separable Hilbert space $. Both representations use a flat parameter space
R* or R* that is spanned by quaternions. R* is spanned by rational quaternions.

The parameter space operators will be treated as reference operators. The rational quaternionic
eigenvalues {g;} that occur as eigenvalues of the reference operator R* in the separable Hilbert
space map onto the rational quaternionic eigenvalues {g; '} that occur as subset of the
quaternionic eigenvalues {g*} of the reference operator R* in the Gelfand triple. In this way the
reference operator R* in the infinite dimensional separable Hilbert space $ relates directly to
the reference operator R*, which resides in the Gelfand triple .

All operators that reside in the Gelfand triple and are defined via a mostly continuous
quaternionic function have a representation in the separable Hilbert space.

10



3.3 Stochastic operators
Stochastic operators do not get their data from a continuous quaternionic function. Instead a
stochastic process delivers the eigenvalues. Again these eigenvalues are quaternions and the real
parts of these quaternions can be interpreted as progression values. The generated eigenvalues
are picked from a selected parameter space.

Stochastic operators only act in a step-wise fashion. Their eigenspace is countable. Stochastic
operators may act in a cyclic fashion.

The mechanisms that control the stochastic operator can synchronize the progression values
with the model wide progression that is set by a selected reference operator.

Characteristic for stochastic operators is that the imaginary parts of the eigenvalues are not
smooth functions of the real values of those eigenvalues.

3.3.1 Density operators

The eigenspace of a stochastic operator may be characterized by a continuous spatial density
distribution. In that case the corresponding stochastic process must ensure that this continuous
density distribution fits. The density distribution can be constructed afterwards or after each
regeneration cycle. Constructing the density distribution involves a reordering of the imaginary
parts of the produced eigenvalues. This act will usually randomize the real parts of those
eigenvalues. A different operator can then use the continuous density distribution in order to
generate its functionality. The old real parts of the eigenvalues may then reflect the reordering.
The construction of the density distribution is a pure administrative action that is performed as
an aftermath. The constructed density operator represents a continuous function and may
reside both in the separable Hilbert space and in the Gelfand triple. The construction of the
density function involves a selected parameter space. That parameter space need not be the
same as the parameter space from which the stochastic process picked its eigenvalues.

11



3.4 Notations
The reverse bra-ket notation enables the definition of some special operators that play an
unique role in the model. We will reserve special symbols for these operators and we will also
use special symbols in order to distinguish separable from non-separable Hilbert spaces.

Meaning Applied in As
Separable Hilbert space Model Structured storage
Non-separable Hilbert space, Gelfand triple | Model Structured storage

Reference operator Parameter space

Reference operator Parameter space

Embedding continuum operator Field, function

Symmetry related field operator Field, function

Symmetry center operator Floating parameter space

Coherent swarm operator Dynamic location distribution

Mapped coherent swarm operator Dynamic location distribution

b@%@ﬁ@%%i@g
o
S.

Density operator Density function

The defining function in the reverse bra-ket notation enables the definition of operators in both
the separable Hilbert space $ and in the Gelfand triple H. Still different symbols are used for
reference operators R and R.

¢ is a stochastic operator. & maps the eigenspace of ¢ in parameter space R. pis the

corresponding density operator.

4 Change of base

In quaternionic Hilbert space a change of base can be achieved by:

w7 y) = [ G |c7>{ | @@r@aia dq} (ly) dg @
q q
- [ wlF@aly) da
q
F@ = [ @aor@aia) o @
q
7@ = [ @aatala) g 3)
q
wly) = [ cloR@aly) da @
q
R = 19)4(ql (5)

However, as we see in the formulas this method merely achieves a rotation of parameter spaces
and functions. In the complex number based Hilbert space it would achieve no change at all.

4.1 Fourier transform

A Fourier transform uses a different approach. It is not a direct transform between parameter
spaces, but instead it is a transform between sets of mutually orthogonal functions, which are
formed by inner products, which are related to different parameter spaces. The quaternionic

12



Fourier transform exists in three versions. The first two versions have a reverse Fourier
transform.

The left oriented Fourier transform is defined by:

FL(G) = f (@ula) F(@) dg 1)
q

Like the functions (q|q") and (G, |§; ), the functions (g, |q) and {(q|g) form sets of mutually
orthogonal functions, as will be clear from:

(alg"y=6(q —q") )

(‘7L|‘71') = 5(@L - ‘ﬂ) (3)

| @i da, =56 - o) @
qr

[@ilaxala dq = 6@ - ap ©
q

The reverse transform is:

F@ = [ @aF@ da = [ @axale)r@) da,de ©
qL qL’q

L

= f,{j; (qléZL)(éZqu,) qu}T(q’) dq' = f,6(q — q')T(q') dq’
q \"qL q

The reverse bra-ket form of the operator F, equals:

jEL = |C~IL)7~'L(C~IL)<€IL| @)

Operator R, provides the parameter space for the left oriented Fourier transform %, (G, ) of
function F(q) in equations (1) and (6).

R, = 14,0343, ®)

Similarly the right oriented Fourier transform can be defined.

Fo@) = f F@Nq'|G) dq’ ©)

q

The reverse transform is:

Fg) = f Fr(@)qld) ddn = f (10)

f F@)NG Gr)drlq) da’ ddn
q dr’q’

13



- f f(q'){f (@' lGa)dxlq) dqR}dq'= f F(q) 8(q - q) dg’
q’ dr q’

Also here the functions {(q|q"), {(Gr|Gr), (Gr|q) and {q|Gr) form sets of mutually orthogonal
functions.

The reverse bra-ket form of the operator Fy equals:

jf'R = |C7R>j5R(QR)<qR| (11)

Operator Ry provides the parameter space for the right oriented Fourier transform Fz(g5) of
function F(q) in equations (9) and (10).

s:)VQR = |qGr)qr{qrl (12)

The third version of the Fourier transform is:

F1(@) + Fr(Gr) _

) ) (13)
g % f LaLla)F(@) + F(@)aldn)} dg
q

f'(EIL:CNIR) =

In contrast to the right and left version, the third version has no reverse.

14



5 Well-ordered reference operators

The eigenvalues of a normal operator T that resides in a separable Hilbert space can be ordered
with respect to the real part of the eigenvalues. Operator Ty = (T + T*)/Z is the corresponding
self-adjoint operator. If each real value occurs only once, then the operator T and its adjoint 7T
can be well-ordered. The imaginary part of the eigenvalues can then still be ordered in different
ways. Operator T = (T — TT)/Z is the corresponding anti-Hermitian operator. For example it
can be ordered according to Cartesian coordinates or according to spherical coordinates. Also
each of these orderings can be done in different ways.

The reference operators R* will all be considered to be well-ordered. All reference operators R*
share the same Hermitian part R,. The property of being well-ordered is restricted to operators
with countable eigenspaces. However, via the defining functions, the well-orderedness can be
transferred to the corresponding operator in the Gelfand triple. Thus the reference operators R*
that reside in the Gelfand triple will also be well-ordered.

If a normal operator that is defined by using the reverse bra-ket notation and a continuous
function that uses a well-ordered parameter space, then we qualify this operator as being
indirectly well-ordered. This qualification is independent of the fact that the target values of the
function are no longer well-ordered.

5.1.1 Progression ordering
A single self-adjoint reference operator that offers an infinite set of rational eigenvalues can
synchronize a category of well-ordered normal operators. We use R, for this purpose. The
ordered eigenvalues of this self-adjoint operator act as progression values. In this way the
infinite dimensional separable Hilbert space owns a model wide clock. With this choice the
separable Hilbert space steps with model-wide progression steps.

The selected well-ordered normal reference operator RO that resides in an infinite dimensional
separable quaternionic Hilbert space is used in the specification of the companion quaternionic

Gelfand triple. There it corresponds to reference operator RO, In that way progression steps in
the separable Hilbert space and flows in the companion Gelfand triple. Both reference operators
will be used to provide parameter spaces. We will often omit the superscript for the reference

operators R©@ and RO,

The countable set of progression values of the Hermitian part Ry = (R + RT)/Z of the well-
ordered reference operator R can be used to enumerate other ordered sequences.

5.1.2 Cartesian ordering
The whole separable Hilbert space can at the same time be spanned by the eigenvectors of a
reference operator whose eigenvalues are well-ordered with respect to the real parts of the
eigenvalues, while the imaginary parts are ordered with respect to a Cartesian coordinate
system.

For Cartesian ordering, having an origin is not necessary. In affine Cartesian ordering only the
direction of the ordering is relevant. Affine Cartesian ordering exists in eight symmetry flavors.

Affine and normal Cartesian ordering suppose a unique orientation of the Cartesian axes.

The well-ordered reference operator R is supposed to feature affine Cartesian ordering.

15



5.1.3 Spherical ordering
Spherical ordering starts with a selected Cartesian set of coordinates. In this case the origin is at
a unique center location. Spherical ordering can be done by first ordering the azimuth and after
that the polar angle is ordered. Finally, the radial distance from the center can be ordered.
Another procedure is to start with the polar angle, then the azimuth and finally the radius. Such,
spherical orderings may create a symmetry center. Since the ordering starts with a selected
Cartesian coordinate system, spherical ordering will go together with affine Cartesian ordering.

Each symmetry center is described by the eigenspaces of an anti-Hermitian operator &;; that
map a finite dimensional subspace of Hilbert space $ onto itself. Superscript * refers to the
ordering type of the symmetry center. Subscript n enumerates the symmetry centers. If there is
no reason for confusion, then this subscript will be omitted. &;; has no Hermitian part. Only
through its ordering it can synchronize with progression steps.

6 Symmetry flavor

Quaternions can be mapped to Cartesian coordinates along the orthonormal base vectors 1, i, j
and k; with ij = k

Due to the four dimensions of quaternions, quaternionic number systems exist in 16 well-
ordered versions {g*} that differ only in their discrete Cartesian symmetry set. The quaternionic
number systems {g*} correspond to 16 versions {g;'} of rational quaternions.

Half of these versions are right handed and the other half are left handed. Thus the handedness
is influenced by the symmetry flavor.

The superscript * can be 0000660660060 00066 6,0,
This superscript represents the symmetry flavor of the superscripted subject.
0y (g

The reference operator RO = | in separable Hilbert space $ maps into the

reference operator RY = |¢©)q@(q@| in Gelfand triple .

The symmetry flavor of the symmetry center &%, which is maintained by operator
&* = |s{)s; (s7| is determined by its Cartesian ordering and then compared with the reference

symmetry flavor, which is the symmetry flavor of the reference operator RO,
Now the symmetry related charge follows in three steps.

1. Count the difference of the spatial part of the symmetry flavor of &* with the spatial part

of the symmetry flavor of reference operator RO,
2. Ifthe handedness changes from R to L, then switch the sign of the count.
3. Switch the sign of the result for anti-particles.

Symmetry flavor
Ordering Super | Handedness | Color Electric Symmetry center type.
x y z t | script | Right/Left charge | charge*3 | Names are taken from the
standard model

© R N +0 neutrino
¥ » L R -1 down quark
¥ @ L G -1 down quark
4§ 3® L B -1 down quark
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¥ O R B +2 up quark
A B ) R G +2 up quark
Al (6 R R +2 up quark
448 @ L N -3 electron
¥ R N +3 positron
$ ¥ 0 L R -2 anti-up quark
2 2 B L G -2 anti-up quark
A g a L B -2 anti-up quark
$¥ ® R B +1 anti-down quark
3288 ® R R +1 anti-down quark
49 R G +1 anti-down quark
3888 O L N -0 anti-neutrino

Per definition, members of coherent sets {a;} of quaternions all feature the same symmetry
flavor that is marked by superscript *.

Also continuous functions and continuums feature a symmetry flavor. Continuous quaternionic
functions ¥*(g*) and corresponding continuums do not switch to other symmetry flavors 7.

The reference symmetry flavor ¥ (g”) of a continuous function *(g”) is the symmetry flavor
of the parameter space {g”'}.

If the continuous quaternionic function describes the density distribution of a set {a;’} of
discrete objects af’, then this set must be attributed with the same symmetry flavor *. The real
part describes the location density distribution and the imaginary part describes the
displacement density distribution.

/7 Symmetry centers

Each symmetry center corresponds to a dedicated subspace of the infinite dimensional
separable Hilbert space. That subspace is spanned by the eigenvectors {|s7)} of a corresponding
symmetry center reference operator &5. Here the superscript * refers to the type of the
symmetry center. The subscript n enumerates the symmetry centers. The type covers more than
just the symmetry flavor. We will often omit the subscript.

Symmetry flavors relate to affine Cartesian ordering. Each symmetry center will own a single
symmetry flavor. The symmetry flavor of the symmetry center relates to the Cartesian
coordinate system that acts as start for the spherical ordering. The combination of affine
Cartesian ordering and spherical ordering puts corresponding axes in parallel. Spherical
ordering relates to spherical coordinates. Starting spherical ordering with the azimuth
corresponds to half integer spin. The azimuth runs from 0 to 1 radians. Starting spherical
ordering with the polar angle corresponds to integer spin. The polar angle runs from 0 to 2m
radians. These selections add to the type properties of the symmetry centers.

The model suggests that symmetry centers are maintained by special mechanisms that ensure
the spatial and dynamical coherence of the coupling of the symmetry center to the background
space. Several types of such mechanisms exist. Each symmetry center type corresponds to a
mechanism type. These mechanisms are not part of the separable Hilbert space.

Symmetry centers are resources where the coherence ensuring mechanisms can take dynamic
locations that are stored in quaternionic eigenvalues of dedicated stochastic operators, in order
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to generate coherent location swarms that represent point-like objects. The type of the point-
like object corresponds to the type of the controlling mechanism.

The basic symmetry center is independent of progression. Once created, a symmetry center
persists until it is annihilated. However, during creation its ordering can be synchronized with
selected progression steps. Any progression dependence that concerns a symmetry center is
handled by a type dependent mechanism. The type depends on the symmetry flavor and on the
spin. Further, it depends on other characteristics that will not be treated in this paper, but that
will appear as properties of the point-like object that will be supported by the controlling
mechanism. An example is the generation flavor of the point-like particle. In this way the same
symmetry center type can support electrons, muons and tau particles. Symmetry flavor and spin
can be related to ordering of the symmetry center. Generation flavor is a property of the
controlling mechanism.

The mechanisms that control the usage of symmetry centers act mostly in a cyclic fashion. When
compared to mechanisms that care about particles, the cycles that occur in equivalent
mechanisms that care about corresponding anti-particles act in the reverse direction. As a
consequence many of the properties of the anti-particles are the opposite of the properties of the
corresponding particles. This holds for the sign of the symmetry related charge and it holds for
the color charge, but it does not hold for the mass and for the energy of the (anti)particle.

Symmetry centers have a well-defined spatial origin. That origin floats on the eigenspace of the

reference operator RO, Symmetry centers are formed by a dedicated category of compact anti-
Hermitian operators{S} },,.

An infinite dimensional separable Hilbert space can house a set of subspaces that each represent
such a symmetry center. Each of these subspaces then corresponds to a dedicated spherically
ordered reference operator &;. The superscript * distinguishes between symmetry flavors and
other properties, such as spin and generation flavor. Symmetry centers correspond to dedicated
subspaces that are spanned by the eigenvectors {|s7)} of the symmetry center reference
operator &*. (Here we omit subscript n).

&% = |s)s (57| €y

et = —g* (2)

Only the location of the center inside the eigenspace of reference operator R©@isa progression
dependent value. This value is not eigenvalue of operator &5. The location of the center inside

R@is eigenvalue of a central governance operator g.

Symmetry centers feature a symmetry related charge that depends on the difference between the

symmetry flavor of the symmetry center and the symmetry flavor of the reference operator RO,
which equals the symmetry flavor of the embedding continuum €. The symmetry related
charges raise a symmetry related field ). The symmetry related field 2 influences the position of
the center of the symmetry center in parameter space R©® and indirectly it influences the
position of the map of the symmetry center into the field that represents the embedding
continuum €. Both fields, 2 and € use the eigenspace of the reference operator R as their
parameter space.
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The closed subspaces that correspond to a symmetry center have a fixed finite dimension. This
dimension is the same for all types of symmetry centers. This ensures that symmetry related
charges all appear in the same short list.

7.1 Synchronization via coupling
The basic symmetry center is independent of progression. Any progression dependence that
concerns a symmetry center is handled by a type dependent mechanisms that controls the usage
of the symmetry center. The type dependent mechanism acts in a progression dependent
fashion. On certain progression steps the mechanism selects a location from the symmetry
center that will be used to embed a point-like object in the background space.

The background space, is maintained by reference operator R. Embedding the symmetry center
into the eigenspace of this operator ensures the synchronization of the symmetry center with
the background space. That is why the embedding occurs at instances that are selected from the
progression values, which are offered as eigenvalues by R, = (.72 + .‘RT)/Z. However, the
controlling mechanism does not embed the center location, but instead the mechanism uses a
stochastic process in order to select a location somewhere inside the symmetry center. Further,
not all eigenvalues {s{} of &% will be used in the embedding process. A special operator ¢;; that
is dedicated to the type of the embedded point-like object describes the selected locations in its
eigenvalues. The eigenspace of operator ¢;) is mapped onto the eigenspace of R. This converts
operator ¢ into operator 4,,. Operator 4, has an equivalent €(4,,) in the Gelfand triple.
Function €(q)maps eigenvalues of 4, onto continuum €.

The embedding location represents a point-like object that resides in the symmetry center. That
embedding location is mapped onto the embedding continuum, which resides as the eigenspace
of operator € in the Gelfand triple . This continuum is defined as a function €(q) over
parameter space ‘R.

The locations in the symmetry center that for the purpose of the embedding are selected, form a
coherent location swarm and a hopping path that characterize the dynamic behavior of the
point-like object. The embedding process deforms continuum €.This embedding process is
treated in more detail in [8].
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8 Central governance
The eigenvalues of the central governance operator g administer the relative locations of the
symmetry centers with respect to the reference operator R© which resides in the separable
Hilbert space £ and maps to the reference continuum R in the Gelfand triple H. A further map
projects onto the embedding continuum €.The central governance operator g resides in the
separable Hilbert space $. Operator g has an equivalent €(g) in the Gelfand triple. Function
€(g)maps eigenvalues of g onto continuum €.

The reference continuum R© acts as a parameter space of the function U(q) that specifies the
symmetry related field 2, which is eigenspace of the corresponding operator.

Each symmetry center owns a symmetry related charge, which is located at its geometric center.
Each symmetry related charge owns an individual field ¢ that contributes to the overall
symmetry related field 2L.

The reference continuum R also acts as a parameter space of the function €(q) that specifies
the embedding continuum €, which is eigenspace of the corresponding operator €.

A fundamental difference exists between field 2 and field €. However both fields obey the same
quaternionic differential calculus. The difference originates from the artifacts that cause the
discontinuities of the fields. In the symmetry related field 2 these artifacts are the symmetry
related charges. In the embedding continuum € these artifacts are the embedding events. What
happens in not too violent conditions will be described by the homogeneous quaternionic
second order partial differential equation and the Poisson equation of the corresponding field
and will be affected by the local and current conditions. Since the elementary point-like objects
reside inside their individual symmetry center, the embedding continuum will also be affected
by what happens to the symmetry centers.

Double quaternionic differentiation of field & shows the relation between U and g.

VVUA=g €Y)

Function €(q) maps both ¢ and the eigenspace of g onto continuum €.

8.1 Embedding symmetry centers

The well-ordered eigenspace of a quaternionic normal operator R© that resides in an infinite
dimensional separable Hilbert space acts as a reference operator from which the parameter

space RO of the embedding continuum € will be derived. This parameter space resides as

continuum eigenspace of a corresponding operator R in the Gelfand triple. This parameter
space also acts as parameter space of a symmetry related field 2. It is sparsely covered by
locations of symmetry centers. The central governance operator g administers these locations.
The symmetry centers contain symmetry related charges. The locations of these charges are
influenced by the symmetry related field 2.

It will appear that the defining function of field 2 can be reformulated into a function that uses a
different parameter space. The behavior of that new function can be described by Maxwell based
differential calculus. This description can show the wave behavior that field 2 does not show via
quaternionic differential calculus.
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9 Field dynamics
In this chapter we will use a switch ® = +1 that selects between two different sets of
differential calculus. One set concerns low order quaternionic differential calculus. The other set
concerns Maxwell based differential calculus. The switch will be used to highlight the great
similarity and the significant differences between these sets.

9.1 Differentiation
In the model that we selected, the dynamics of the fields can be described by quaternionic
differential calculus. Apart from the eigenspaces of reference operators and the symmetry
centers we encountered two fields that are defined by quaternionic functions and corresponding
operators. One is the symmetry related field 2 and the other is the embedding field €.

A determines the dynamics of the symmetry centers. € gets deformed and vibrated by the
recurrent embedding of point-like elementary particles that each reside on an individual
symmetry center.

Apart from the way that they are affected by point-like artifacts that disrupt the continuity of the
field, both fields obey, under not too violent conditions and over not too large ranges, the same
differential calculus. However, especially field 2 is known to show wave behavior that cannot
properly be described by quaternionic differential calculus. For that reason we will also
investigate what a change of parameter space brings for the defining functions of the basic fields
Aand €

9.2 Quaternionic differential calculus.
For quaternionic differential calculus the switch ® equals 1.

Under rather general conditions the change of a quaternionic function f(q) can be described by:

of z : d of @
~ - —— dg¥ U= 2 B gV
daf(q) 3q + FE q”dq dq* = ¢,(q)dq" + c,, (q)dqtdq

u
u=0..3

Here the coefficients c#(q) and ¢, (q) are full quaternionic functions. dq* are real numbers. e”

are quaternionic base vectors.

The conditions that are treated by equation (1) still do not require more than second order
differentiation. Thus, these conditions cannot be considered as general conditions!

Under more moderate and sufficiently short range conditions the function behaves more
linearly.

d 2)
af(q) ~ Z %dq“ = ¢, (q)dg"
n=0..3 #
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Under even stricter conditions the functions become real functions ¢, X(q) attached to
quaternionic base vectors:

df(q) = ¢§ dq, + ¢ idqy + 3 jdq, + c§ kdq, = ¢ (q) e, dq, 3)

3

afC
6 eC eﬂdq Z dJ#e#dq“
¢=
u=0

NS _afS_of @)

= ec = eC =
= q, 9q, q,

_ H
D, =c,

Thus, in a rather flat continuum we can use the quaternionic nabla V.

V_{aaaa}_a+a+a+k o if ®)
Wy "o Tlax Ty TR T 0T 9
M:

=P+ @ =V =Vy+ V)W + ) (5)
Thus, in a rather flat continuum we can use the quaternionic nabla V.

v—{aa aa}—a+'a+'a+ka—|7+l7 ©

o ax'ay’as " o tax lay TFe, T M0

P=Py+ @ =V =Vo+ V)W +¢) (7)

This form of the partial differential equation highlights the fact that in first order and second
order partial differential equations the nabla operator can be applied as a multiplier.

Dy = Vothg —®(V, ) 3)

D=V p+ Vi, -V xP 9

These equations represent only low order partial differential equations. In this form the
equations can still describe point-like disruptions of the continuity of the field.
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o= (V) =V Y -2V XY (10)

VIV =V = VT (11)

Double partial differentiation will then result in the quaternionic non-homogeneous second
order partial differentiation equation:

§=5+E=VTp=W— N+ MW +¢) ={VVy + @V, )} (10)
N I L
=z 1052 T0 5,210 52

Go =Vopo +®(V, P) 11)

=VoVopo —® Vp(V, ) +® (V, V)0, +® VoV, 0) TG (P, V x @)
=TV +®(V, V),

(=-Vopo+Vop+Vx¢ (12)
= —VVopo +@ V(V, @) + Vo Vo, + VoVop £ VoV X ¢
TV XV +VXVyp—VXVXep
= V0o +@ VXV X @ +@ (V, 1)@ + VoV, + Volo + VoV X @
FUV XV ¥V XVyp—VXV X

= Vo +® (7, V)¢

Here ¢ is a quaternionic function that for a part p describes the density distribution of a set of
point-like artifacts that disrupt the continuity of function ¥(q).

0%y 9%y %Y (13)
p=potp=(V0y= axz t dy? i

§—p =Wy (14)

In case of a single static point-like artifact, the solution ¥ will describe the corresponding
Green’s function.

Function ¥(q) describes the mostly continuous field .
The second order partial differential equation can be split into two continuity equations:
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® =Ty (15)

p=V'd (16)

If ¢ and @ are normalizable functions and |[y|| = 1, then with real m and ||{]| = 1

VY =m¢ (17)

9.3 Fourier equivalents
In this quaternionic differential calculus, differentiation is implemented as multiplication.

This is revealed by the Fourier equivalents of the equations (4) through (10) in the previous
paragraph:

D=0+ D=pP=(pp+ )Py +P) (1

The nabla V is replaced by operator p. @ is the Fourier transform of &.

@y = Po'ﬁo - (PJ/’) (2)

® = poip +pho +p X P ()

The equivalent of the quaternionic second order partial differential equation is:

E=6+E=p Y ={popo + (DO} 4

p=po+P= (PN ®)

The continuity equations result in:

d =py (6)

p=p® (7)

9.4 Poisson equations
The screened Poisson equation is a special condition of the non-homogeneous second order
partial differential equation in which some terms are zero or have a special value.
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V'V =V Vo +®(V, V)Y = ¢ €y

® VoV +(V, VW =® ¢ (2)
® VoV = -2 Y 3)
(VW -2Yp=0¢ 4)

The 3D solution of this equation is determined by the screened Green’s function G (7).

Green functions represent solutions for point sources.

exp(—A4r) 5)

G(r)= "

P = -Uf Gr—r")p@)d3r’ (6)

G(r) has the shape of the Yukawa potential [9]
In case of 4 = 0 it resembles the Coulomb or gravitation potential of a point source.

If 1 # 0 and ® = 1, then a solution of equation (3) is:
Y=ax)exp(tiwt)l=1tiw @)

9.5 Solutions of the homogeneous second order partial differential equation
Solutions of the quaternionic homogeneous second order partial differential equation are of
special interest because for odd numbers of participating dimensions this equation has solutions
in the form of shape keeping fronts.

This homogeneous partial differential equation is given by:

aZ 02 02 az 1

T2 O0x?

Let us start with:
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V*Viho = 0 2)

Equation (2) has three-dimensional spherical shape keeping fronts as its solutions. 1 is a scalar
function. By changing to polar coordinates it can be deduced that a solution is given by:

Do (r7) = fo(irr— cT) 3)

Where ¢ = +1 and i represents a base vector in radial direction. In fact the parameter ir — c7 of
fo can be considered as a complex number valued function. It keeps its shape during its travel
through the field. Its amplitude quickly diminishes as 1/r with distance r from the trigger point.

Next we investigate:
V'V =0 (4

Here 9 is a vector function.

Equation (4) has one-dimensional shape keeping fronts as its solutions:

Y(z,7) = f(iz - c1) (5)

Again the parameter iz — ct of f can be interpreted as a complex number based function.

The imaginary i represents the base vector in the x, y plane. Its orientation 8 may be a function
of z.

That orientation determines the polarization of the one-dimensional shape keeping front.

9.6 Special formulas

Vik,x)=k €Y)
k is constant.
(V,x) =3 (2)

Vxx=0 3)
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Vx| = — (4)

x|
T X—x (5)
|x — x'| Ix —x'|3
x—x 1 1 , (6)
(Wm) = (V;V)m = (V;le_x,|> =4n §(x —x')

Similar formulas apply to the quaternionic nabla and parameter values.

Vx=1-3;Vx=14+3;/x*"=1+4+3

V(ix*x) =x
X
Vx| = Vi (x*x) = — (7)
|x|
. 1 x—x 3
|x — x' |x —x'|3

x—x' 1 0 0 , 9)
V*—=|7\7*—=(——+(V,V)) #4m 5(x — x')
lx —x'|3 [x — x'| 0t 0t |x — x'|
Instead:
(V¥ 4 (7, 7)) 1 32 1 372 6t*—|x|? 57%—|x|? (10)
"0 Tl xls x| [P |x|® |x|®
1 1 (11)
VoVo =V, V) —= -7
"o |x| |x|?
1
W, 7) o = 4 6x) 12)
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Thus, with spherical boundary conditions, prrpoT is suitable as the Green’s function for the

Poisson equation, but T does not represent a Green'’s function for the quaternionic

4T |x—Xx

operator (VoV, + (V,V)) !

For a homogeneous second order partial differential equation a Green’s function is not required.
Thus, the deficit of a green’s function does not forbid the existence of a quaternionic
homogeneous second order partial differential equation. Still equation (6) forms the base of the
Poisson equation.

9.7 Field equations
In this section, we will compare two sets of differential equations. Both sets use pure space as
part of the parameter space.

e Quaternionic differential equations
o These equations use progression as one of its parameters.
o Maxwell based differential equations
o These equations use quaternionic distance as one of its parameters.

By introducing new symbols € and 8B we will turn the quaternionic differential equations into
Maxwell-like quaternionic differential equations. We introduced a simple switch ®= +1 that
apart from the difference between the parameter spaces, will turn one set into the other set.

Maxwell based differential equations split quaternionic functions into a scalar function and a
vector function. Instead of the quaternionic nabla V=V, + V the Maxwell based equations use

d .
the scalar operator Vo= % and the vector nabla V as separate operators. Maxwell equations use

a switch « that controls the structure of a gauge equation.

4 (1)
=a— v
n=a- ¢o+t(V,p)
For Maxwell based differential calculusis ¢ = +1 and V= %. The switch value is ® —1.
For quaternionic differential calculus is @ = —1 and Vo= %. The switch value is ®= +1.
In EMFT the scalar field x is taken as a gauge with
a = 1; Lorentz gauge
a = 0; Coulomb gauge
a = —1; Kirchhoff gauge.
n=aVipo+(V, @) = ¢o = Voo —(V,9) (2)

In Maxwell based differential calculus the scalar field x is ignored or it is taken equal to zero. As
will be shown, zeroing » is not necessary for the derivation of the Maxwell based wave equation.
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Maxwell equations split the considered functions in scalar functions and vector functions. The
differential operators are also split and cannot be treated as multipliers.

b ={do, d} ={Vo, VH{oo, @} (3)
$o =Y 9o —®O(V, @) (4)
b=V + Vo,V X (5)

Equations (4) and (5) are not genuine Maxwell equations. We introduce them here as extra
Maxwell equations. Choice ®= —1 conforms to the Lorenz gauge.

€ =Yoo —Tg, (6)
Vo€ = —V,V, @ — VoV, (7)
(V,€) = —Vo(V, ) —(V, V) (8)
B=Vxg €)

These definitions imply:

(€,B) =0 (10)
VeB=-VxE (11)
(V,B) =0 (12)
VxB=VVge) —(V,Ve (13)

Also the following two equations are not genuine Maxwell equations, but they relate to the gauge
equation.
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Voo = VoVo o —® Vo(V, @)

Vo =Vo Voo —@V(V,0) =V Voo —®V XV X ¢—®(V,V) @

(= +®(V, V) ={+{ = {{6, ¢} = {Vo, —VHoo, ¢}

$o=(VoVo +®(V, V) o =V, ¢pg —® (V,E)

=V +tO(V, V)@ =-Vdy—V,E-®V XB

More in detail the equations mean:

Go =Vopo +®(V, P)

= {VoVopo —® Vo(V, @)} + {®(V, V)@o +® Vo(V, @) +® (V, V X @)}

=TV +® (V, V),
fo =V po —®(V, E)
={VoVo 9o —® Vo(V,9)} +{® Vo(V, @) +® (V, V), }

= VoV +® (V, V)9,

={-VVpo+@ VXV X@+@(V, M)} + {VoVo, + VoVoe £ V)V X @}

(FU XV, FV X Vo —V XV X @)}
=V +®@ P, M)e+@ VXV Xxe-V XV Xe

(14)

(15)

(16)

17)

(18)

(19)

(20)

(21)

(22)

= UV +@ VXV X @ +® (W, )@} + (VoVo @ + VoVo} — @ VXV X @

=V +®(V, V)¢

Equation (21) reveals why Maxwell based differential equations use the gauge s rather than
accept equation (4) as a genuine Maxwell equation.
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po =®(V, VYoo = {5 — Vo Voo (23)
p=0(V,V)p ={-V,Vop (24)

Thus a simple change of a parameter and the control switch & turn quaternionic differential
equations into equivalent Maxwell differential equations and vice versa. This makes clear that
both sets represent two different views from the same subject, which is a field that can be stored
in the eigenspace of an operator that resides in the Gelfand triple.

Still the comparison shows an anomaly in equation (21) that represents a significant difference
between the two sets of differential equations that goes beyond the difference between the
parameter spaces. A possible clue will be given in the section on the Dirac equation. This clue
comes down to the conclusion that equations do not represent a coupling of a first and a second
order partial differential equation, but instead they represent a coupling between two first order
differential equations that each represent either particle behavior or antiparticle behavior.

9.8 Genuine Maxwell wave equations

The scalar part of the genuine Maxwell based differential equals zero. This is oppressed by the
Lorenz gauge.

The genuine Maxwell differential equations deliver different inhomogeneous wave equations:

= -Vop — Vo, (D

B=UX¢e (2)

The following definitions follow from the definitions of € and B.

Vo€ = —V,V, @ — VoV 3)
(V,€) = —V(V,9) — (V,P)g, 4)
VeB=-VxE ©)
(V,8)=0 (6)
VxB=V({V,0)—(V,V)¢p (7)

The Lorenz gauge means:
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Voo +(V, ) =0 ®)

The genuine Maxwell based wave equations are:

(VoVo =V, V) @y = po = (V, €) €C))

(VoVo —(V, V)@ =] = V X B — V,€ (10)

9.9 Poynting vector
The definitions invite the definition of the Poynting vector:

S=ExB )
u= %€ E) +(B,B) @
X W,5)+ 0,6 ®)
Jt

9.10 Solutions of the wave equation
The Maxwell based differential calculus offers second order partial differential equations in the
form of the wave equations:

62(p0_62<p0_62<p0_62<p0 _ (1
0t?>  0x%? 0dy?  0z2 Po

(VoVo —(V, V) =

d’¢ 3¢ 0’ d¢ _ 2

(VOVO - (VI V))(p = a_[z axz ayz azz -

9.10.1 Shape keeping fronts
Like the quaternionic second order partial differential equation this wave equation offers
solutions that represent shape keeping fronts.

For isotropic conditions in three participating dimensions the shape keeping front solution runs:
@o = f(r —ct)/r,wherec = +1; f is real 3)

This follows from

v,V =—— =
(V. V)po r2\or or r c? ot2

1 (6 (r2 E)qoo)) _fra—ct) _ 199, 4)
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In a single participating dimension the shape keeping front solution runs:

@o = f(x —ct), where c = +1; f is real (5)

The same solutions hold for vector function ¢.

9.10.2 Other solutions of the homogenous wave equation
Apart from the shape keeping solutions the homogeneous wave equation offers wave form
solutions. Some of these solutions are obtained by starting with:

VoVof =(V,V)f = —w?f €Y)

f(t,x) = aexp(iw(ct — |x —x'|));c = £1 (2)

This leads to a category of solutions that are known as solutions of the Helmholtz equation.

9.10.3 The Maxwell based Poisson equations
The screened Poisson equation in Maxwell based differential calculus runs:

%p %@ 0%¢ €))
_ 22 — _ — _
2% ()
9tz Fo
@ = a(x) exp(£At) 3)

This differs significantly from the quaternion differential calculus version of the screened
Poisson equation.

10 Dirac equation

10.1 The Dirac equation in original format
In its original form the Dirac equation is a complex equation that uses spinors, matrices and
partial derivatives.

af .df .of , Of _
iy ka_z} we want to use operators V = {VO,V}

Instead of the usual {— L=,
at ax

The operator V relates to the applied parameter space. This means that the parameter space is
also configured of combinations x = {t, x } of a scalar t and a vector x. Also the functions can be
splitin scalar functions and vector functions. The subscript o indicates the scalar part. Bold face
indicates the vector part.

Here t represents a local scalar, which is defined as the scalar part of the applied parameter
space.

The original Dirac equation uses 4x4 matrices a and 8. [10] [11]:

o and £ are matrices that implement the quaternion arithmetic behavior including the possible
symmetry flavors of quaternionic number systems and continuums.
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a1=}’1=[0 001]<—>—i[_0i q €y

_ _-0 0'2_ s 0 j (2)
2=12= |, 0]7 ‘[—j O]
w=y=] % Bloif0 k] 3)
3 3 __0-3 0_ _k 0
0 1
B=ro=[; o @

The unity matrix I and the Pauli matrices gy, g;, 03 are given by [12]:

A R O e A R R

For one of the potential orderings of the quaternionic number system, the Pauli matrices
together with the unity matrix I relate to the quaternionic base vectors 1, i, j and k

11, i— ioy, jr— ioy, k+— iog (6)
010, — 0,01 = 21 03, 0,03 — 030, = 21 01, 03017 — 0103 = 21 () (7)
0101 = 020, = 0303 = BB =1 (3)

Together with the a matrices, the matrix 8 represents quaternionic conjugation. As a
consequence, it switches the handedness of the external vector product.

The interpretation of the Pauli matrices as representation of a special kind of angular
momentum has led to the half integer eigenvalue of the corresponding spin operator.

10.2 Splitting into two equations
One interpretations of the Dirac equation is [13]:

0 0 0 0 m
(Vo -

o o 0 0 _ €9)
ot Mox Y25y, 135, m)w}‘o
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This invites splitting of the four component spinor equation into two equations for two
component spinors:

094 . 0¢a . Opa . 0pa_ T )
ot 1ox 9275y, T8, T B

i6<pB i 0¢p ap
ot 1

Opp _ m ®3)
. B , B _
ox + Lo, ay + o3 9z 7 Py

0@y 0P, 0P, 0P, . m 4)
— 7 — —_ = —_ V = —
l ot l ax ] dy k 9z (iVo )Pa 7 PB
Opg  O0pp . O@p dpp . . m 5)
i +i P +j 3y +k P = (iVy + V)p = Pa
(iVo + V)(iVy — Vs = (=VoVo — VW)@ = ((V,V)=V,Vo) @4 (6)
m m?
=7(1Vo +V) ¢p =27 9a
m? @)
(V,V)=VoVo)e, = Yl Py
(iVo = V)iV + Vg = (=VoVo — VW)@ = ((V, V)=V Vo) @p ®)
m m?
=?(1V0 V), =? Pp
m? €))

(Y, V)=V,Vo)ep = ﬁ Pp

Thus the four component spinors {{} can be converted in two component spinors { ¢4} and

{ @p}. Quaternionic functions are not complex number based spinors, but the form of equations
(7) and (9) offer sufficient info for the conversion. With respect to second order differentiation,
the two component spinors and the quaternionic functions show similar behavior.

Transferring the matrix form of the Dirac equation into quaternionic format delivers two
quaternionic functions y4 and yy that replace the spinors { ¢,} and { ¢g}. These functions have
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different parameter spaces. As a consequence the nabla operators act differently onto y, and y5.
This results into two coupled first order partial differential equations.

(Vo= Vta = V'ia = 7 Xs (10)
(Vo + s = Ve =7 Xa (11)
This also corresponds to two quite similar second order partial differential equations:
m? (12)
(V,V)=VoVolxa = ?XA
m? (13)
(V,V)=VoVolxs = ?XB
And one homogeneous second order partial differential equation
(V,V)=VoVo)x =0 (14)

This equation is a wave equation. The set of its solutions includes waves.

Thus, the functions y, and yp describe two different solutions of the same Maxwell-like second
order partial differential equation.

According to the Dirac matrices the natural parameter spaces of functions y, and yz concern
two different quaternionic number systems that differ in the handedness of their external vector
product.

One of these natural parameter spaces is right handed and the other natural parameter space is
left handed.

The factor m couples y, and yp.

Since both y4 and yp are quaternionic functions, they also obey other second order partial wave
equations.

(V. V)+VoVo)xa = $a (15)

(Y, V)+VoVo)xp = &5 (16)
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m a7
<2 VoVo + F) Xa=¢a

.. m (18)
(VW) xa=¢Ea+ 7 X4

Natural parameter spaces are spanned by a version of the quaternionic number system. Due to
the four dimensions of quaternions, these natural parameter spaces represent two different sign
flavors of one and the same quaternionic field that exists in 16 versions that only differ in their
discrete symmetry set.

The fields that represent the two natural parameter spaces can be considered to be each other’s
quaternionic conjugate. As a consequence, they differ in the handedness of the external vector
product. These fields relate to the symmetry centers from which the particle generating
mechanisms take their resources.

In the direct environment of the free particle, apparently two kinds of potential embedding exist.
Alongside the particle embedding with solution y4 exists an antiparticle embedding with
solution yp.

In the quaternionic Dirac equations the function y is a local representative of the locally
untouched particle embedding field €. Function y represents a curl free field.

Vx =V"x" (19)
This short range equation also holds locally for the locally untouched embedding field €.
Ve =r*¢” (20)

10.3 Alternatives

10.3.1 Minkowski parameter space

In quaternionic differential calculus the local quaternionic distance can represent a scalar that is
independent of the direction of progression. It corresponds to the notion of coordinate time.
That means that a small coordinate time step At equals the sum of a small proper time step At
and a small pure space step Ax. In quaternionic format the step At is a real number. The space
step Ax is an imaginary quaternionic number. The original Dirac equation does not pay attention
to the difference between coordinate time and proper time, but the quaternionic presentation of
these equations show that a progression independent scalar can be useful as the scalar part of
the parameter space. This holds especially for solutions of the homogeneous wave equation.

10.3.2 Other natural parameter spaces
The Dirac equation in quaternionic format treats a coupling of parameter spaces that are each
other’s quaternionic conjugate. This can also be applied when anisotropic conjugation is applied.
This concerns conjugations in which only one or two dimensions get a reverse ordering. In that
case the equations handle the dynamic behavior of anisotropic particles such as quarks.

11 Double differentiation

The partial differential equations hide that they are part of a differential equation.
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s 1)

Single difference is defined by

3
3 3
df (q) = O o e, dqt = dqY
f(q) 30 Cues 44 dveydq
c=0 Au V=0
u=0

(2)

of°  oft.  of?*, 6f3k' 3)
i
a9y e aCIo] a9
o oft ot o
l — —
afce e = dq, dq, dq, dq,
aq, “ ¢ lof°, aflk af? af?
- i
ag,) " oq, . 9q, g
af° oft af* . of?
k j - i
1043 94 dq; dq;

_afo
Je
E, i —— —Bpuk -—-B,,j

—Ed —E —&k

Eyj _Bzzk Sy _Bxli

. . Of°
_gzk _Bylj —szl 6_613 ]

Here

By = Bx1 — Byzs By = Byl - Byz; B, =B;1 =By 4)

2 3 ()

The scalar 1 is can be a linear function of T or a scalar function of gq.
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dq dq* u (6)

=@ wag ~ e

Double difference is defined by:

3 3 (7)
9%f¢
Cf@= ) e E e,dg* |ecdq”
fla v 94,94, q" |eqdq
u=0
=0
2 3 3)
L _dfl) . ) 9%fs  dq*\ dq"”
fE—F5=¢ef%= ey ey ec
FRE 3q,0q, * da dx
u=0
v=
3
3
: : ang‘ ( 62 )
= e, —,e ’Lad e -/'V= -#-/V—, e,e ={
u=0
V=
y oy, 07 , )
cvu eveuqvqu aq#a 1//= evequu
92 (10)
Yo = gV g :
= 9 5q,0q;

If we apply ¢ = Vfas the first differential operation and ¢ = "*¢ as the second differential
operation, then e = {1, +i,+j,+k}and e’ = {1 — i,—j,—k} and

+Yoo Vo1l Yoo +Yo3k 11
Yol ®Yy; +Yik +Yi3)
VE T = Yoo) Yok ® Yy —Ypsi

Y30k —Y31j +Yzi ® Y33

Here again the switch ® distinguishes between quaternionic differential calculus and Maxwell
based differential calculus.

11.1 Deformed space

If the investigated field represents deformed space €, then the field R, which represents the
parameter space of function €(q) represents the virgin state of that deformed space.
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. d?*C
Further, the equation n A(ZQ)

external influences. Here 4 can be any linear combination of progression t or is can represent
the equivalent of local quaternionic distance:

= 0 represents a local condition in which € is not affected by

A=aqy+b
or

A=lql

40



12 Quaternionic wave equation
A quaternionic wave equation

VWi = (VoVo —(V, V)Y = 0 (1

is achieved for fields ¢ and conditions ¢ that obey:

(Vo + (Vo + Vg = Vo Voo —(V, Vi + 2V Vipy = &, (2)
2VoVipy = §o (3)
Vo +WV)(Vo + MY €))

= VoVotp — (V, V)P — 2V (V, P)4+2V VU X P + U XV X = &

=2V (V,P)+2V VX P+ VXV XY = § (5

13 Asymmetric tensor
The Maxwell-based equation

¢ = {¢0' (l)} g {VO' V}{q’o' ‘P} = {VOI _V}{AOIA} (1)
$=—-C+B 2
dp, 0p 3)
ij = — (axj + atv> = _FO'V = aoAv - a-VAO;V = 1 3
a(pu dpy 4)
By =VX@)y = (a—xv - ox, = 0,4, — 0, A, u=1.3v=1.3;
corresponds with the asymmetric tensor F,,,
[0 -¢ -€, -G, 5)
le, o +38, -8l
_ _ _ y
Fov = 0udy = 0y 'l@y -8, 0 +%XJI
¢, +8, -8B, 0
V. F'H = 4m]Y

13.1 Critics on the design of the antisymmetric tensor
The design of this tensor gives the false impression that the design is enforced by physical
reality. In fact the design is based on a series of arbitrary choices.
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For the quaternionic differential calculus the same tensor can be generated. However, the tensor
elements are not necessarily asymmetric by nature. That only holds for the terms that belong to
the magnetic field B,,,. The tensor does not show the nature of the partial derivatives that are

contained in the €,, terms. The tensor hides the real parts of the differential.

Quaternionic differentiation has the advantage that the differential operator acts as a multiplier.
In terms of the quaternionic differential calculus the tensor corresponds to the equation:

p=¢o+d=Vo+V)(po+e)=Vp=W—-V)(A4+A4)=V"4A €Y)
P=-CIB=,p+Vp)) FVXqp=(V,A—VA) LV XA )
C=-Vyp—Vp,=-V,A+ VA, 3
B=Uxp=-VxA 4)

The tensor hides the real parts of the differential.
$o = Vopo —(V, @) = VyAy —(V,A) Q)

The tensor calculus used by current physical theories uses the terms of equation (5) as contents
of a gauge that is used to construct the wave equation.

Voo = VoVowo — Vo(V, @) = VoVoAg — Vo(V, A) (6)
V¢0 = VVO(pO - V(V, (p) = VVOAO - V(V,A) (7)
Vo¢= _V0(§$V0$= VOVO(P+VOV§00iVOVX(p (8)

= 70VOA_VOVAO$VOVXA
Vp=—(V,p)1VXxp=(V,E)L(V,B)FIVXE-VxB 9)

Thus, in terms of the ¢ field the tensor is not naturally asymmetric. It is only naturally
asymmetric in terms of the A field. However, selection between ¢ and A is arbitrary.

14 The space-progression model
This paper supports two space progression models. Quaternions, quaternionic functions and
quaternionic differential equations support parameter spaces that have an Euclidean signature
and correspond to a metric tensor:

100 0 (1)
lo 1 0 o0
9o =10 0 1 0

000 1

Elements of this model can directly be stored as eigenvalues of operators that reside in
quaternionic Hilbert spaces.

The Maxwell based equations and the parameter space of these equations support a space-time
model with Minkowski signature and correspond to a metric tensor:
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1.0 0 0 )
“lo -1 0o o
9o =10 0 -1 o0
0 0 0 -1

Elements of this model must first be dismantled into their real components before they can be
stored as eigenvalues of Hermitian operators that reside in real, complex or quaternionic Hilbert
spaces

The fact that the quaternionic field can be stored in the eigenspace of an operator that resides in
a non-separable quaternionic Hilbert space and that after dismantling into real components the
same can be done for a Maxwell based field means that the stored fields can represent one and
the same object. It also means that both differential equation sets can investigate the same field
and offer different views onto that field that reveal different aspects of the behavior of that field.

It also means that both space-progression models represent different views of the same reality.
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15 Tensor differential calculus

We restrict to 3+1 D parameter spaces.

Parameter spaces can differ in the way they are ordered and in the way the scalar part relates to
the spatial part.

Fields are functions that have values, which are independent of the selected parameter space.
Fields exist in scalar fields, vector fields and combined scalar and vector fields.

Combined fields exist as continuum eigenspaces of normal operators that reside in quaternionic
non-separable Hilbert spaces. These combined fields can be represented by quaternionic
functions of quaternionic parameter spaces. However, the same field can also be interpreted as
the eigenspaces of the Hermitian and anti-Hermitian parts of the normal operator. The
quaternionic parameter space can be represented by a normal quaternionic reference operator
that features a flat continuum eigenspace. This reference operator can be split in a Hermitian
and an anti-Hermitian part.

The eigenspace of a normal quaternionic number system corresponds to a quaternionic number
system. Due to the four dimensions of quaternions, the quaternionic number systems existin 16
versions that differ in their Cartesian ordering. If spherical ordering is pursued, then for each
Cartesian start orderings two extra orderings are possible. All these choices correspond to
different parameter spaces.

Further it is possible to select a scalar part of the parameter space that is a scalar function of the
quaternionic scalar part and the quaternionic vector part. For example it is possible to use
quaternionic distance as the scalar part of the new parameter space.

Tensor differential calculus relates components of differentials with corresponding parameter
spaces.

Components of differentials are terms of the corresponding differential equation. These terms
can be split in scalar functions and in vector functions. Tensor differential calculus treats scalar
functions different from vector functions.

Quaternionic fields are special because the differential operators of their defining functions can
be treated as multipliers.

15.1 The metric tensor
The metric tensor determines the local “distance”.

doo YJo1 Yoz Yo3 (D
_ 1910 Y911 Y12 Y13
9w T g0 G21 922 Y23
930 931 YG32 Y33

The consequences of coordinate transformations dx” = dX" define the elements g,,, as

_dxw )
Iuv = gxv

15.2 Geodesic equation

The geodesic equation describes the situation of a non-accelerated object. In terms of proper
time this means:

€y
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02%xH u dx® dxP

=+ =
012 aB dr dr

In terms of coordinate time this means:

9% xH u dx® dxP o dx®dxP dx# )
—=-T ——+Fa/;———

at2 af dt dt dt dt dt

15.2.1 Derivation:
We start with the double differential. Let us investigate a function X that has a parameter space
existing of scalar 7 and a three dimensional vector x = {x', x2, x3}. The function X represents
three dimensional curved space. The geodesic conditions are:

62X’1_0./1_123 @
aTz - ) - )&y
First we derive the first order differential.

ax*
dx* = Z g
F=1

(2)

We can use the summation convention for subscripts and superscripts. This avoids the
requirement for summation symbols.
dx* ox*dxP (3)
dr  oxP drt

3

3
axl aZXl (4—)
2y A _ 2. B B a
d2x Z(axﬁdx + dx ;axﬁaxadx>

B=1

Now we obtained the double differential equation.

d?X*  9X*d*xP N 92X* dx®dxF 5)
dt2  9xB dt?2 = 0xPox* dr dt

The geodesic requirement results in:

oX* d?xP 92X dx® dxP (6)

axB dtz ~  0xPox® dr dr

3
aZXﬂ. (7)
B T e
Z <6x36x“ dx >>

Next we multiply both sides w1th and sum again:

x* [ <o 9X* ° 92X* ®
(5 )| 3 (35 (w3
Z 0X*\ L4 9xF g 4 " L \oxPoxa?

We apply the fact:

If we use summation signs:

)
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i axtax?\
R
dXH axP B

A=1

This results into:

3 dx* 3 3 92x*
2.1 B a 1% a B
dxt* = E XA ”ﬁil (dx 1<8x/36x“ dx )) = Faﬁdx dx

A=1 a=

Without summation signs:

o axigeh = (P XD\ g
ap @ = \oxtoxoxP )
dzx“_ u dxP dx®

dt2 =~ P dr dr

d?xt  (0x* 9%X* \dxF dx“
dr? 0X*0x®9xB ) dt dt

dzx“_ axt 92x* dxﬁdx“_l_ ax® 92x* \ dxP dx* dx*
dt2 ~ \aX*0x%9xB) dt dt 0X2ox%0xB ) dt dt dt

15.3 Toolbox

Coordinate transformations:

, dxH axV axP

I u
1N

Vo' T Bxk gV gxP VP
The Christoffel symbol plays an important role:

ag ag g
5 _YYaB ay By
2 Yas Tpa = dx¥ = 9xB = Ox“
u _ 0x# 92x*

B = 9XA dx*IxP

5§ _ pb
Tpa =Top

Covariant derivative V, a and partial derivative d, a of scalars

!

ox#

a#IO( = ax—#aua

Covariant derivative V,V" and partial derivative d, V" of vectors

— A
VHVV = a#VV + FZAV
Vu(pv = 0Py — Fﬁv(pl

Vﬂga[g =0
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7.9 =0

gv#gvu = 55

g = det(gw)

. axH
g =\9¢ OxH

) -

axt'\ . .
det (;;—”) is Jacobian

d*x = dx%dx'dx?dx?

d*x' = det(
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16 Regeneration and detection

The regeneration of an elementary particle by the controlling mechanism involves the creation
of a new embedding location. Detection stops this regeneration process. At detection, the set
{a}} is no longer filled by taking locations from the members of the set {s}'}. No more elements
of the set are stored in the separable Hilbert space. With other words afterwards detection
occurred at a precisely known location. However, that location was not known beforehand.

A virtual map images the completely regenerated set {a;'} onto parameter space RO, This
involves the reordering from the stochastic generation order to the ordering of this new
parameter space. This first map turns the location swarm into the eigenspace of a virtual
operator 4. A continuous location density distribution £(q) describes the virtual map of the

swarm into parameter space RO, Actually each element of the original swarm is embedded into
the deformable embedding continuum € where that element is blurred with the Green’s function
of this embedding continuum.

This indirectly converts the operator ¢, which describes the regeneration in the symmetry
center &% into a differently ordered operator ¢ that resides in the Gelfand triple H. The defining
function £ (q) of operator & describes the triggers in the non-homogeneous quaternionic second
order partial differential equation, which describes the embedding behavior of €.

o’y 9% %Y N 0%y (1)

§=VTYp =Tl + (V.V} = o5+ -7 ay? T 922

Function £(q) uses RO asiits parameter space. ¢ describes the hopping of the point-like object,
while £(q) describes the density distribution of the corresponding location swarm.

Stochastic operator ¢ describes the hopping of the point-like object, while ¢ describes the
density distribution of the image of the corresponding location swarm.

17 Photons

Photons are configured by solutions of the quaternionic second order partial differential
equation. For odd numbers of participating dimensions the solutions of the homogeneous
second order partial differential equation are combinations of shape keeping fronts. In three
dimensions the spherical shape keeping fronts diminish their amplitude as 1/r with distance r
of the trigger point. One-dimensional wave fronts keep their amplitude. As a consequence these
shape keeping fronts can travel huge distances through the field that supports them. Each shape
keeping front can carry a bit of information and/or energy. In order to reach these distances the
carrying field must exist long enough and it must reach far enough.

The symmetry related field 2 does not fulfil the requirements for long distance travel. It depends
on the nearby existence of symmetry related charges and its amplitude also diminishes as 1/r
with distance from the charge.

The embedding field € is a better candidate for long distance transfer of energy and information.
€ exists always and everywhere. One-dimensional shape keeping fronts vibrate the € field, but
do not deform this field. They just follow existing deformations.

Creating a string of one-dimensional shape keeping fronts requires a recurrent shape keeping
front generation process. Such processes do not underlay the generation of symmetry related

48



charges that support the Y field. However, such processes exist during the recurrent embedding
of artifacts that occurs in the € field.

Recurrent generation of spherical shape keeping fronts is capable to deform the corresponding
field. It has similar effects as a stationary deformation by a point-like artifact has.

The fixed speed of shape keeping fronts translates in the same fixed speed for the photons. A
string of one-dimensional shape keeping fronts can carry a quantized amount of energy. The
relation E = h v and the fixed speed of photons indicate that at least at relative short range the
string of shape keeping fronts takes a fixed amount of progression steps for its creation, for its
passage and for its absorption.

However, observations of long range effects over cosmological distances reveal that these
relations do not hold over huge distances. Red-shift of patterns of “old” photons that are emitted
by atoms and arrive from distant galaxies indicate that the spatial part of field € is extending as a
function of progression.

With the interpretation of photons as strings of shape keeping fronts this means that the
duration of emission and the duration of absorption are also functions of progression. As a
consequence, some of the emitted wave fronts are “missed” at later absorption. The detected
photon corresponds to a lower energy and a lower frequency than the emitted photon has.
According to relation E = h v that holds locally, the detected photon appears to be red-shifted.
The energy of the “missed” shape keeping fronts is converted into other kinds of energy or the
missed shape keeping fronts keep proceeding as lower energy photons. Spurious shape keeping
fronts may stay undetected.

Thus, the quaternionic second order partial differential equation may be valid in the vicinity of
the images of symmetry centers inside €, but does not properly describe the long range behavior
of €. Due to its restricted range and the non-recurrent generation of its charges, the U field does
not show the equivalents of photons and red-shift phenomena.

The long range phenomena of photons indicate that the parameter space RO of € may actually
own an origin. For higher progression values and for most of the spatial reach of field €, that
origin is located at huge distances. Information coming from low progression values arrives with
photons that have travelled huge distances. They report about a situation in which symmetry
centers were located on average at much smaller inter-distances.

Instead of photons the U field may support waves, such as radio waves and microwaves. These
waves are solutions of the wave equation, which is part of Maxwell based differential calculus.

On the other hand the wave equation also has shape keeping fronts as its solutions.

18 Inertia

18.1 Field corresponding to symmetry center
Dedicated mechanisms use symmetry centers as resource for the generation of the locations of
elementary particles. Symmetry centers are interesting as a subject for studying inertia. They
have a spherical shape and a finite active radius. The activity of the mechanisms can be
characterized by a normalized continuous density distribution. As an example we apply a
Gaussian density distribution.

) = <_ |r — T'|2> €Y)
PRI = 2m o3\2m P 202
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Here 1’ is the location of the center of the symmetry center. The produced distribution moves
together with the symmetry center.

The potential of a Gaussian density distribution p(r) equals:

Qpo(r—1r") = < erf(%) r—-r)= Q(r—;) forlarger = |r — r'|. (2)

4712 41
Here r stands for |r — r’|.

This is not the electric potential. This potential is generated in a background embedding field €
due to the recurrent temporary embedding of artifacts that are taken from the symmetry center.
This can be shown by computing the double differential of ¢ (7):

derf(ar) _ 2a 2.2y _ 2 _r*y, 1 (3)
ar _\/Eexp( a’r) = a\/ﬁexp( 202)'(1_0\/7
erf(ar) 4)
19 23(—r ) 28y~ ! r2
rZor| " or - r SxplmaT) = gZﬁeXp 207

The plot of the potential proves that this potential has no singularity. It is smooth near the center
point.

The gradient of the potential equals:

%r—r’ (5)
oar r

__© erf( ! )r—r’_l_ ¢ eXp(_r_)r—r
47'[7"2 o'\/i T 2nroN 2T 20'2 T

Voo =

The potential ¢, adds on top of the average value of the embedding field €. If the observer
position r moves with speed v relative to the embedding continuum € then as a consequence a
corresponding contribution to the vector potential:

€ =Cmv

appears to exist. €, () is the average scalar part of the embedding field €(r). Thus, locally:
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Co(r) =Co(r) + po(r — 1)
€r) =C(n 7
VG, ~ 0
At the observer point the embedding continuum equals:
C=Co(m) +gor—1)+C )+

(6)

The scalar and vector potentials go together with a field €:

0 _
C(r) = _EG —-VEr)=—-Cy(r) ¥ —Vo,(r—r1")

Q T Q r2\r
= — GO(T) r + (g\/_> ano'm exp (-g);

Forlarger = |r —r'

, Q 1 Q ) 8
(E(T—T) —GO(T)T-F TV(W> GO(T)T-FW(T—T) ()

Here again r’ is the geometric center of the symmetry center. Both the acceleration # and the
nearness of the artifact with strength Q determine the extra field €. The first term on the left
represents what is usually is experienced as inertia. The second term represents what is usually
is experienced as gravitation.

In his paper “On the Origin of Inertia”, Denis Sciama used the idea of Mach in order to construct
the rather flat field that results from uniformly distributed charges [14]. He then uses the
constructed field in order to generate the vector potential, which is experienced by the
uniformly moving observer. Here we use the embedding field as the rather flat background field.

18.2 Forces between symmetry centers
Two different symmetry centers represent two different contributions to field €.

The forces between two symmetry centers are specified by.
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Q1 Q2

dmlry, — 13

)

Fi3 = —Fp (ry—132)

18.3 Rotational inertia
If the observer rotates with respect to the embedding field, then the observer experiences a curl
that is defined by

B=VXx¢ (1)

If the rotation changes, then this goes together with a rotation of the € field, which counteracts
the increase of the rotation.

—8B=-FXxC (2)

In this case the observer experiences rotational inertia.

19 The dynamic picture

The paper reveals an intimate relation between basic fields and Hilbert spaces. The dynamics of
this relation is controlled by mechanisms that are ignored by mainstream physical theories. Via
the Hilbert spaces and a category of operators that reside in these Hilbert spaces, the basic fields
get related to pairs of flat parameter spaces and functions that use these parameter spaces.

Symmetry centers that float relative to a reference parameter space are characterized by electric
charges that relate to the symmetry properties of these spherical symmetric spatial parameter
spaces. Each of these charges generates a contribution to a corresponding basic field 2. The
basic field and the charges interact dynamically. This basic field uses the reference parameter
space on which the symmetry centers float as its natural parameter space.

The natural reference parameter space can be interpreted as the virgin state of the second basic
field €, which acts as a model wide embedding continuum. Controlling mechanisms recurrently
pick artifacts from the symmetry centers. The artifacts get subsequently embedded in the
continuum €. This embedding is immediately released.

The controlling mechanisms operate on the rim between past and future. The past is left
untouched and is kept stored in the eigenspaces of dedicated operators, which reside in the
Hilbert spaces.

The corresponding geometrical data are stored together with a progression stamp in the form of
sets of discrete quaternions or as quaternionic fields in the eigenspaces of these dedicated
operators.

The controlling mechanisms and the restrictions that are set by the properties of the Hilbert
spaces take care that the dynamical coherence of the model-wide step-wise embedding of the
separable Hilbert space into the non-separable Hilbert space is ensured.
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The dynamics is enforced by the point-like artifacts, which are generated by the actions of the
controlling mechanisms. The embedding of these artifacts cause discontinuities and vibrations
in the affected continuum.

In this way the sets of differential equations can describe the evolutions of the basic fields that
play a role in this model.

This paints the dynamic picture that is described by the differential equations, which describe
the behavior of the mentioned basic fields, which indirectly describe the behavior of the
recurrently embedded artifacts.

In this interpretation the history of the model does not start with a big bang, but instead it starts
with the virgin states of the basic fields. These virgin states are represented by their natural
parameter space. These fields share the same natural parameter space.

20 Conclusion

By introducing a background space and a set of symmetry center types, this paper exploits the
way in which quaternionic number systems can be ordered. This distinguishes between
Cartesian ordering and spherical ordering and it reveals that these ordered versions of the
number systems exist in several distinct symmetry flavors. Locally, the background space needs
no origin and as a consequence it does not feature spin. The coupling of symmetry centers onto
the background space offers the possibility to define an algorithm that computes corresponding
symmetry related charges that are in agreement with the short list of electric charges and other
discrete properties of elementary particles. For example, also the diversity of color charge and
spin can be explained in this way. This indicates that elementary particles inherit these
properties from the space in which they reside.

An important role is played by controlling mechanisms that are not part of the Hilbert spaces,
but that make use of the Hilbert spaces as a structured storage medium. The elementary
particles inherit their properties both from the Hilbert space and from these controlling
mechanisms.

This paper also considers the embedding field €. It uses the same parameter space ‘R as the
symmetry related field 2 does. The embedding field obeys the same quaternionic differential
calculus as the symmetry related field, but the triggers that cause discontinuities differ
fundamentally between these fields. That is why these fields behave differently. Still both fields
determine the kinematics of elementary particles. This is treated in more detail in [8].

It appears that the behavior of the symmetry related field 2 can be investigated better by using
Maxwell based differential calculus, while the behavior of the embedding field € can better be
comprehended by applying quaternionic differential calculus. Both fields are stored in
quaternionic format in the non-separable Hilbert space.

The section about photons indicates that in contrast to what is usually suggested photons are
not waves of the electric field 2. Instead they vibrate the embedding field € and follow its
deformations. They do not themselves deform this field.

The behavior of “old” photons indicates that the validity range of the second order partial
differential equations is restricted.
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