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Abstract
The purpose of this paper isto illustrate a fundamental, multiple particle, system
equation for which the Klein-Gordon-Dirac-Schrodinger equations are single particle
specia cases. The basic concept isthat there is abroader picture, based on amore
general equation that includes the entire system of particles. Thefirst part will be to
postul ate an equation, and then, by modifying the methods of Path Integrals, develop a
solution which describes the internal dynamics as well as particle interactions of
guantum particles. The complete function has both real and imaginary, aswell as
timelike and spacelike parts, each of which are separable into independent expressions
that define particle properties. In the same manner that el genvalues of the Schrodinger
eguation represents energy levels of an atomic system, particle are eigenvaluesin an
interacting universe of particles. The Dirac massive and massless equation and solution
will be shown as factorable independent components. A clear distinction between the
classical and quantum properties of particles is made, increasing the scope of QM.

INTRODUCTION

The success and the accuracy of Quantum Mechanics has been one of the most
outstanding achievements in the history of science, but its application to anything other
than microscopic systems quite limited. In essence QM deals with a single system acted
on by an external potential that allows determination of the properties, motion, and
energy associated with that system. The standard QM, coupling is by the insertion of a
representation of the potential through the correspondence relations, which is an action
on the wavefunction, but not a part of the wavefunction. It is asserted that isolating the
system, and acting on it by an external potential, however relativistically correct, limits
the scope, and limits the understanding of the system as awhole. The defining function
introduced will include the entire system of particle and the interaction between those
particles. It will be developed by defining a vector action for a free particle as an integral
of avector Lagrangian over the classical path from the initial big bang event to the
current time, and then formulating the function by a method similar to formulating a
solution to Schrodinger equation from the method of path integrals. Particle masses are
shown to be separation constants and eigenvalues of the general expression. This paper is



an attempt to define afunction representing an integrated universe of discrete particles,
which obey the well known rules of energy and mation.

The defining differential equation is termed the “ System Equation”, and the solution a
“Systemfunction”, 6, to distinguish it from standard QM wave equations and
wavefunctions.

Reviewing the standard QM relations
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Where %, isthe particle Compton radius i, = m,c/%. Of the rest mass of a particle (For
genera conventions, and notation, see Appendix |)

l. THE GENERAL SYSTEM EQUATION

The Systemfunction ® for auniverse of discrete particles is proposed to be a solution to
the genera System Equation:
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That is, the derivative with respect to avirtual displacement of the square of the
expansion of the universe. R* = (cT)Z, and X, Y, & Z are the coordinates of the
expanding sphere of the universe, along the light cone. 6 isthe general Systemfunction.



Using standard Clifford operations this can be:
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and the linear function is expected to be:

v 0= 16 (6)

where equivalence only implies similarity.

The plan is to develop a function which is a solution to the System Equation based on a
summation, of the vector path integral over avector Lagrangian field, of individual
particles in the system. The proposed methodology expands the general method to
include the detailed particle interactions, that have eluded the conventional approach,
and overcomes a shortcoming noted by Feynman of the standard path integral
formulation [2].The Systemfunction will be shown to be a product of several
independent functions, one of which being the solution to the Dirac equation.

A. Action re-defined
In the Path Integral formulation of QM, the normal action for the m particleisin general
the path integral, over a scalar action, from one event to another, over all possible paths.
From the standard path integral formulation of QM [4] The path integral depends on its

final coordinate and time in such away that it obeys the Schrodinger equation, thus
heuristically for a Schrodinger wavefunction:
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And for the function of a collection of independent particles this would be:
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This has the presumption that the individual particles, though summing to the total
function, do not interact, but are alinear sum of the non interacting parts.

The departure from standard methods starts here. Proposed is a systemfunction solution
to the System Equation EqQ., whichis:
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where S, isavector action of avector Lagrangian for a particle over the path interval

from the start of the universe to the current event. The sumisthe total free particle
actions of al the particlesin the system is afour-space event function.

f(S)= ZN“ém | (10)

that is evaluated at a point at a contemporary retarded time for all the particles. Note that
these are vector actions of presumably a conservative Lagrangian, and thus the value of
the integral along any vector path depends only on the end points. In fact a particle can
take no longer or shorter time to arrive at itstime retarded current position on the light
cone.

: (9)

The proposal for the Systemfunction requires defining the action as a vector, being a
single classical path integral over avector Lagrangian, rather than a scalar:

i
—S, S, (11)

and:

S, = iCIEmd(t) ’ (12)

where the classical Lagrangian for afree particle would go to :
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and the Lagrangian for the m charged particle residing in the universe is proposed to be:

L :ii‘ vy (14)
Where the distance to the particleis:

[Tl = AT = ARy = To—ak,, (15)

which is the distance from an observation point to the classical charge radius not to the
center of mass. ¥ _isthe unitless four-velocity of them particle, ¥ =(y*(v/c) +v),

and X, isthe Compton radius of them particle. (A=7%/mc), =+ isthechargesign of
the m particle.

\ |"frkxk|= OE’?;"n

Figure 1. Eq.(19), Radial distance |F, | to classical radius.

=0

Using Eq.(14), asthe Lagrangian for a particle, the action can be integrated from the
initiation of the timelike universeto its current position. The addition of these vectors



requires contemporaneous world lines, and thus connection through a null vector
interval.

7{|ch dt — |cT_j |/'l/7{dt (16)

Where y is the unit directional null vector 1 =(y° +i+7) from the particle to the

observation point, making }{ cdt an invariant differential distance. T - r%‘ , Isthe retarded

time of the endpoint for a particle at adistance I, from the observation point. Integrating
thisover the life of the universe thisis then:

It could be presumed that \rm\ , and /vm/ are functions of time, and should be considered

in the integral, however since the endpoint is the current position, the exact history is not
necessary. It is presumed that the function of the final state satisfies the System
Equation.

~ iam—mj s (17)
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R =cT istheradius of the universe o isthe fine structure constant, and }{ R is thenull
vector to the expanding sphere of universe

/V{ER = +kak +7"R (18)

From EQ.(10), thetotal “system” action is, thus.
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This sum represents a collective action of the system at any event in the system, where
the 1/r_ dependence of each of the elements resultsin the value of the system action

being dependent on the relative position of all the parts.



When the function is evaluated at the origin of a particle (i.e. the space distance being
zero, r. =0), Eq.(19), becomesthetotal action for the n particle. At that point, the

Systemfunction becomes an eigenfunction, and that particle’ s rest massis an eigenvaue.

I
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Thus S, for r, = ‘ykxk‘ =0, the n free particle action of Eq.(12), becomes:
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n

én , which is the free particle vector action for the n particle (Eq.(13). The action
contribution of the m particle to the n particle action is:

S, = =ia 7{9{/ ro>>ok,, (22)

where £ isthe sign for the m particle, and r, isthe three space distance from the
m

evaluation point to the m particle.

with Eq., and Eq., the product for the function evaluated at the « point at the n particleis:
v |38 (s es 38 rxsg ) @
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where S, }'S, +Y_S, S represents the interactions of the n particle with the other

m m
particlesin the system. All termsin this expression are scaar.



Figure 2. Total action evaluation point ¥ and radius of universe ‘R

II. THE GENERAL ACTIONIN A TIMELIKE UNIVERSE

The Systemfunction ® with the product of the action defined in Eq.(9), and evaluated at
aselected point, k for asingle particle, has a scalar exponent, al the terms of the
exponent being real and scalar. The « point isasingle event, but that event can observed

simultaneously on an invariant interval anywhere along its future light cone ;{ (R+1,).

The future light cone subsequently functions as an observation field for the evaluation
event at the n particle center.

It is expected that the initiation of the universe at T=0 there is a minimum value for the
sum of the action. Since the least action for any particleis 7/2 it is proposed and later
determined that minimum for asystemis 7 /2. This would seem quite arbitrary, but, will
be shown necessary to produce proper physical results. Starting with the action function
in Eq.(19), The generalized total action for the system is proposed to be:

isﬂ —>(;{ isn +1/2} (24)

And the complete Systemfunction of Eq.(9), is then:
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Since the product of the sumsis scalar, (See Appendix V) the Systemfunction becomes:
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The square of the null vectorsis zero, so for quantum issues the first term can
temporarily be ignored. The scalar imaginary portion of the function is then:

d=Ae 2 (27)

Thisisthe imaginary Systemfunction, representing afield of observation, connecting the
evaluation point « worldline of the observer, through an invariant interval .

future light cone

—
Observational
field

- particle action
P locations

past light cone

Figure 3. The observational field of the k event.

Eq.(6), now becomes:

. 0 YR I DY
! a(x?) © = (28)

p

Or by achange of coordinates to the local coordinates (shown in Appendix I1), we have:
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This has the appearance of the Dirac expression, but isamatrix similarity relation. The
eigenvectors of thiswill be shown equivalent to the Dirac elgenvectors.

1. THE QUANTUM PARTICLE

Putting in the specific values Eq.(27), it becomes. (See Appendix VI for the details)

) ¥, Yzl 0, A

O =Ag" ( e (30)

Now since’kR =R, + ct +r_, where i R, represent an ignorable arbitrary phase, and r, is

the space distance from , to an arbitrary observation position, (See Figure 3) the
function is then:

~

n nm- Iy
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®=Ae (31)
or in more elementary terminology:
i(ct—r.)| En|1-Yn.To | _§44 0lg Ym To
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Where T, isthe spatial three vector of 7{ , making :
o =T, (33)

ot

which designates a specific point on an observational sphere.
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Thisistheimaginary Systemfunction has frequencies and wavel engths associated with
the Compton and deBroglie waves, and a phase velocity of c. The Compton waves are
spherical and the deBroglie waves are plane, in the direction of motion.

Notably, the field defined by this imaginary function, Eq.(32), ® hasavaue
representing the linear components of the action of the n particle evaluated at «, as
observed on the invariant null interval throughout the space. Thisisin contrast with the
Dirac positional probability amplitude, and is the conceptual difference between the
Systemfunction and the wavefunction. The reconciliation of this with the probability
amplitudes, will be |€eft for later.

A. Separating Dirac Massive, and M assless Functions

The matrix function Eq.(32), can be separated into a product of functions, with
eigenvectors equal to those of the Dirac wavefunction for a massive function, and a
massl ess particle.

The Dirac massive type parts of this function have derivatives with no dependence on the
observational field, and thus create a clear demarcation, between the Dirac massive part
of the function and the Dirac massless part of the function.

Starting from Eq.(32), and separating into a & b products of the imaginary
Systemfunction:

i %Jr% ct+ Ehni%Tm To + {ch*rTn]rO 7 Ty C J To(d)
©=0,0, =Ae x Ae . (39
or.
+il| Eng O Pn 4 & .
e N h—rchTO
0, =Ae (35)

and:
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Applying the chain rule as before to Eq.(29):
yuau (®Ia®lb) = ( 0, yuau 0,+0, yuau ®Ib) = i(xl_j I (®Ia®|b) ) (37)

Asnoted earlier EQ.(37), implies asimilarity relation, and diagonalizng both sides
produces back the trivial standard relativistic velocity mass relation, but finding the
eigenvectors of thisrelation a, can be done, and the process reduces the expression into
avery familiar relation.

& a &

1 . a| 1 a, MES
0,0 + —1vy*0, © =+ —I 38
@Iay n~la as Iby il b as xn a3 ( )

a, a, a,

Examination will show that the derivatives of the “la’ function are independent of the
observation vector T,, whereas the derivatives of “|b” are not.

If the first termin EQ.(37), is set equal to the mass constant, making it homogeneous, and
identical to the Dirac massive particle equation. This requires the second term to be set to
zero, which makes the second equation inhomogeneous or massless. This particular
separation illustrates that the imaginary Systemfunction is a product of the Dirac
expressions for a massive, and massless particle.

The first massive:

la s (39

la=0 (40)
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B. The Dirac Massive Particle

Rearranging the homogeneous Eq.(39), gives:

+i
n

v'o, e
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a= ix—l 0., (41)

n

An interesting point is the second term in the exponent of Eq.(41), isthe potential, and it
can be separated and included in the operator.

A ) Vo | =i %[0, Ym = i QR
v 8(x)p[+lr ( ct + . roﬂ |r (y + cj lchAm’ (42)

Where A isjust the vector potential. Eq. (39), can then be rewritten as:

(y“@u + i%Amja@la: s (43)

where in this case ©,, does not contain the potential terms.

Thisisidentical to the Dirac expression with the vector potential [3], noting that the
vector potential was part of the particle action, and not included by way of the
correspondence relation. This A term becomes the source term for the spin potential.

(See Appendix VII.)

This, equation and function, is now equivaent in form to the Dirac particle in a potential
field, and if the potential isremoved it isjust the Dirac free particle.

Appendix VI, demonstrates the modes for Eg.(39), and Eq.(40), . For the Dirac particle,
they are well known but shown for comparison. They are:

S I P R ) &
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C. The Dirac M assless Particle Function

Taking the derivatives of the second expression Eq.(40), the “Ib” function, resultsin:

. (N P, _aV [
—+ n?->" | o 4| Fn -2 Tm |, o 0, =0, 45
(i (e ey oo )

m (o]

Examination of this function shown in Appendix V1, showsthat it can only be valid it
the observation vector is collinear with the momentum, and thus Eq.(40), ignoring the
potential, and observed along the direction of motion is:

- MpC
I rg—vnt

®, —> Ae ak n}la, (46)

which is the Dirac wavefunction for the massless particle.

Appendix VI, demonstrates the modes for Eq.(45), for the free massless particle which
are:

mc p, T mc p, T mc p, T mc p, T
—nZ_Th, 0 g.=0, |——=-""e 0 |3 =0, |—"-T".0 |3 =0, n-_Th,o° g =0
(h i |ro|}’3 ( o mJa“ ( o |ro|}’1 [h h |ro|Ja2

(47)

Toreview:

The imaginary Systemfunctionisidentical to a product of the Dirac wavefunctions for a
massive and massless particle.

The functions defined in Eq.(35), and Eq.(36), represent the valuesof the
Systemfunction evaluated at the k event, with that event’s value being observed on an
arbitrary invariant interval, at adistant location, The value of that point asseen a a
distant point has the characteristics of awavefunction defined in the observation space .
Though having the same values, as a probability amplitude.

IV THE CLASSICAL PARTICLE
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The classical particle as discussed hereis not a different particle, but the devel opment of
the properties of the particle, that are generally considered to be classical. Primarily this
will beto show areal mass obeying areal differential equation.

The systemfunction defined in Eq.(26), can be revisited.

o Ae[yfy{ZiéZiéJr yf-ziéJ )

Thefirst term in the exponent is zero, but it isalso rea and is separable into spacelike
and timelike parts, making the function a product of separable spacelike and timelike
function.

(—x2—Y2—22)[Zi§Zi§J ) e+i)%2[2ié2i§jxe[ y(-Ziéj

©=Ae (49)

Designation these functionsas @, 0., , & ©,, and applying the chain rule to this, from
Eq.(5):

8 0 0 0 8
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n
= (KRl + KRZ + K| )®R1®R2®I
(50)

Thelast termin Eq.(50), is the imaginary term which has been developed earlier, and
from Eq.(29), K, =i /A

With the assumption that each of these terms are equal to or at least smilar to
independent constants, and if:

Kri= = Kge (51)
therelation is still valid.

The K’ sthen represent a separation constant between the spacelike and timelike universe
of particles, and it is asserted that this separation constitutes the mass of the particles.
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Ke, = =1/ %2
Thisisthen for the timelike function:
0 a 2
Y 8(9{2)®R2:_1/x0 1Og, , (53)
and the spacelike function:
ykL O =1/2210 (54)
2 R1L — 0 R1"
o(x*),

The separation of the Systemfunction into positive and negative masses at the initial
event would seem to be theinitial separation of the universes at the Big bang.

(55)
It will now be shown that the timelike expression acting on our general systemfunction

yields the proper equations of motion for areal particle in atimelike universe.

Inserting timelike function from EQ.(49), into Eq.(53), leads to the classical relativistic
L agrangian equation of motion for areal particle.

0 0 L, o e
Oa(m2)®Rl = YomexpESnZ‘FSn Zsm+zsm Sn".j = (7{4_(2)]'®R1 (56)

Y

(See Appendix IV, Classical particle, for details.)

The exponent of this function is scalar and real, thus,®, isthe “Rea” part of the
Systemfunction for the n particle. Explicitly thisis:

" oo\ %2
3P n) LEEZ P
O, =Ae [7& ] wnm K| (57)

16
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Putting this into Eq.(53), and expressing in more elementary notation is:

2
2 2 -
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Eq.(57), isthe coordinate free, square of the classical scalar Lagrangian for a moving
charged particle in the presence of other moving charged particle. Taking the square root
givesthe familiar classical linear Lagrangian expression for a particle the presence of
other electrically charged particles. Note that there could not be the proper

el ectromagneti c interaction without the vector actions.

m c

2 - >
m,,C° ~+| m ¢ 1—1\/n Z [ Vi, ”J (59)

Therea Systemfunction defines the “classical properties’ of the same quantum particle
defined earlier.

Arriving at thisrelativistic interaction Lagrangian is not unusual in itself, but arriving at
it using the afore described procedure is unusual, and gives a degree of credenceto the
genera System Equation.

V POINTSOF INTEREST
A. Quantum and classical connection

It has been shown that the real part of the general Systemfunction Eq.(26):

ISY IS
O, =Ae{wZ 2. J (60)
which is a summation of single particle vector path integrals over the classical path
squared, and leads to the classical relativistic equations of motion Eq.(59). This would
suggest that the real part of the Systemfunction (Eq.(60),), which only includes the
symmetric inner products of the individual vector paths, has reduced the multiplicity of
paths to the path of |east action.
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On the other hand the imaginary (non-squared) part of the systemfunction has
componentsidentical to the Dirac solution, which can be arrived at as the result of some
multiple scalar path integral formulation [7], [8].

ad "Z 3

@, (x,t)= y — [Du(t)

(61)

The classical properties are the result of the square of this action function, which would
lead more directly to the conclusion that the path integral formulation of QM isthe
underlying mechanism of the principle of least action for the classical, aswell asthe
guantum particle properties.

B. Factorable Systemfunction
Throughout the paper we have factored out parts of the Systemfunction creating
independent equations and functions. First the parts of the imaginary function (Eq.(37),)

then the photon functions and then the timelike and spacelike real function (Eq.(50),)

It can be subsequently be pointed out that the total Systemfunction is aproduct of al the
functions that define the properties of the particles.

So we have:
Dirac Massive, Massless. ©,=0,0
Spacelike, Timelike, © = 0r,0;,0,,0,, (62)

Thus, the entire systemfunction is a product of the separable functions that represent
distinguishable properties of the particle defined by the action function.

3 [yrZiéﬁl][ZiéyHl]
O = 005,00, =€ (63)
It could be noted that as the time T goes to zero, the value of the product of the S sums,
which are negative approach zero. Asthis happens the value of the exponent goes to
negative infinity in the spacelike, and timelike universes, but not in the product since

A 1 =0. Thisshould be the expectation in the separation of positive and negative
masses between timelike and spacelike universes (Eq.(50),) in a“big bang”.
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CONCLUSION

A multiple particle system equation for the universe and its connection to Classical and
Quantum M echanics has been demonstrated. If viable, it represents a new approach to
understanding particle dynamics, and particle interactions. It has been the intention of
this paper to show the generation of standard well known physical relations as the result
of the application of the System Equation to the Systemfunction. The fact that standard
physical relations, as well asthe Dirac relations are derived, and not contravened, lends a
degree of confidence in the methodology. The fact that the particle electromagnetic
interaction comes automatically out of the theory without special hypothesisis an
extraordinary feature. Extension to other arenas of physics not well understood would be
the logical next step.
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Appendix |
Definitions, Notation, and Conventions

Theradiusof theuniverse R = cT = R, +ct



g\
g

Four velocity of particle a (_j
n

Threevelocity of mparticle  y*(v,,), =V, =7"+V,,

Null unit vector A="n=(y"+07) FAefi=-1
Mass m
Rest mass m,
Compton radius K= i
mc
Vector 4 potential A
Compton radius rest mass Ro= M
m,C
Sign of m particle charge +
Shortened derivatives y”i = "0
ox), ~°
0
g = y"oX?
! o(X?) T
[
The Dirac matrix convention:
+1 —i 1
1 +1 2 [ - -1
L B L L
-1 —i 1
(1.2)
and

Ylyl — _:L YZYZ — _:L ’YS’YS — _:L yOyO — +1

Speciad vectors:
Trivector:

20



_ r ;

_ _ _ —i

G = ,Yl,YZ,Y3 _G:,YS,YZ,Yl G = I

— i —
Pseudo-scalar:
,YS :C_FYO
Square are;
—2 — 1 ,Y5,Y5 — _1

Spin vector:

G, =7Y,Y3 G, =731 G;=7Y2"1

The vector four velocities:
/rd: (ylvX +Y°V, + 70V, + yoc) /c

The product of two four velocities:

H V(110 + 1V, +7°C) (VY + 1V + 7V, +7%C) [ €

or

WV =V, V, +5(V,xV,) +7,6(V,—V,) ]/

The inner product:

bH PP 2,

The outer product:

G5 F = [25(0,59,) 21,800, -9, ]

21

(1.2)

(13)

(1.4)

(1.5)

(1.6)

a.7)

(1.8)

(1.9)
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Appendix 11
The Changeto Local Co-ordinates

From Eq.(5):

2 - 1 V-
O=—|-——16 2.1
Zu:a(xz)2 (2%) @d

Where the X coordinates represent the location coordinates of the sphere of the
expanding universe, or using Clifford algebra by the Dirac procedure:

o) .

Note that thisis the change in the function with respect to a displacement of the
expanding light cone at the edge of the universe.

Sincein aspherica universe, X,Y,Z are the location coordinates of the expanding light-
cone of the universe, and each have a magnitude equal to the radius R.

Along the light cone, oX =caT and locally, ox =cét. Since ot = 6T then 0X = 0X , thus:

o(Y?)=2Yoy=2% oy
, (2.3)
0(2%)=2z6z= 2% oz
0(R?)=2R0(ct)=2Ro(ct)
Then EQq.(6), for the timelike systemfunction would be:
0 6 ~ i ~
—0=—I10 24
T (2.4)

and genera Eq.(2.2),:
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, @ N A R
[y zsnfﬁ(x)vj[y zma(x)J(a__(Mj '© (25)

To the extent that % islarge slow changing, and can be treated as constant, and the
expression becomes similar to the Dirac equation, thus:

i | )

70,6 = '%| & 2.7)

and:

If R isnot treated as a constant, there are other terms.

Note that this a matrix equation, and the equality implies similarity. The eigenvector
equation for thisisidentical to the Dirac equation.

Appendix IV
Details, Classical Particle

Thisisthe details of the products of the actions of the individual particlesfor. Starting
with Eq.(53):

m (4.1)

5 0 (e o .
aERZ ®R2:wexp(sn2+snzsm +ZSm SnoooJ:_z®R2

The actions for the central and distant particles Eq.(21), and Eq.(22):
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R Bt @

o /n} (4.4)

and (4.5)
aR?

S'na - _i;in:xn|rm|/m/dn

$8,+88 - ~ss2 8 o, 46)

2
22 & o _— R R?
SESLS T2 +[x_/n] “EE2s A 47

Note that the m,m terms are ignored since their mutual interaction is only an indirect
correction to the n term action.

Thus:

2
RNy "2
i) Tt o

O, =Ae (4.8)

Taking the differential with respect toR*, and noting that the function is only afunction
of the time coordinate:
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- - -

2 2.2 2 2
(mnocj = 4+ m,C n m.Vn , (49)

h h? c? cC C

m

which is the square of the relativistic Lagrangian for a classical mass particle. Taking the
square root gives the familiar linear expression.

e (e 455

m

/ ya j (4.10)

or

> o

] Z _Ym Vo . (4.11)

m c

Appendix V
Details, Quantum Particle

Starting with the Systemfunction Eq.(27),
O=Ae"2"® (5.1)

The action of the n particle at « is:

§ - %ixﬁ n >0 (5.2)

and the m particles are:

'S = Zioci?/m r,>>ok (5.3)

Then the sums from Eq.(27), are,
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}'(le—{ﬂ—/ +Z+ ou—/ }-ﬁ, (5.4)
and the systemfunctionis:

Zim— -
nm r

O =Ae" [ (5.5)

Now since R =R, +ct +r,, wherei R, represents an ignorable arbitrary phase, and r, is
the distance from, thus:

~ i(ct—r, { Zirﬁa J
Q= Ae (5.6)

The imaginary Systemfunction isthen a spatially defined wavefunction being composed
of spherical and plane waves having frequencies of the Compton and deBroglie waves,
and a phase velocity of c.

This function is the corresponding relation for the Systemfunction, as the Dirac particle
in apotential.

Appendix VI
Connection to Dirac Expression

The purpose of this appendix isto illustrate the properties of the two parts of the
imaginary systemfunction and the connection to the Dirac function,

Dirac Function

This development iswell known, but shown here for comparison. By letting r,, — oo in
Eq.(40), the Systemfunction becomes that for the free particle condition, or:
a &
) 1
= — ®Ia (61)

a
3, A,
a

Q

[N}

+|[mgcct+%” o ]
y'o, e

D

D

or:
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+i(Et+Pn Ty )/7
o, —agh ) 6.2)
This isthe same as the Dirac function for afree particle whichiis:
i(Et—p-?)/h

v=Uu,e (6.3)

From Eq.(6.2), for the free particle of our “Ia” imaginary Systemfunction, is the same as
the Dirac free particle wavefunction)

[m cC.P ] & &
i ™ ct4- 0T, B 0 B
n 0 a, . m.C M p , a
yoe o7 a :|(YO " —vl%—vzgy—vs%](@l az : (6.4)
a, a,
or.
a =
I"nnc er r)y r)z 3.2 1 8_2
-y, = — Y, O =t— ® 6.5
(0 7 1y Vzh Y3hja3 la xnag la ( )
a, a,
Using a common set of Dirac matrix which is:
+1 —i 1 1
+1 i -1 1
yl - -1 ' yz - i J ys = 1 ) Yoz 1 (6.6)
-1 —i 1 1

the“la’ expression isjust the normal Dirac equation.
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i me B PP ]
h h h h
B Ipy mnc+E a a
- - = h h h h a2 ®Ia:moc a2 ®Ia (67)
mC P B Py 4 ho 8
h h h h a, a,
p_x+|& mnC_E
h  h  h h ]
Now for simplicity the velocity is set to be along the z axis, then the normal four
simultaneous equationsis.
Mg me_p, |
mOC mnc ﬁz 0
- a, ( + ja4
) h h h _ 0 (6.9)
(mnc+&)a1 _mocas 0
h h h 0
m.C_P, _mc
i ( h hja? noo |
Solving for thea's
me, (B, _me me, (P, me 69
hai(h hjas o noe (h+hja1 (69)

We can then have for the modes:
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| +
ﬁﬁh :U.uih
Il
1
|
+ +
aDn_Tn apzi,.n
N — |

)
an Ul <
#an
—

Il

<

(6.10)

gl=| =
| +
aD..,_i,.n | <
——
[l
1
o o O
gl=|g =
| |
apzTn ﬁﬁh
—
N
Q
o |El=
e +
N
aD.Tn
N——
Il
al_&u

or:

Similarly for a,and a,:

m,.c

(6.11)

P,
h

The modes and options are:

(6.12)
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Wherethe o's and 3's are arbitrary constants.

Dirac Masdless Function

Now looking at the second equation, “1b”, from Eq.(36):

N o ™ .‘To‘
0, =Ae , (6.13)
and Eq.(40):
- _ Vn o Y. T
e o T e
7'0, Ae la=0 (6.14)

Where 7, /r is the three space part of the null vectorn,
Observing only the free particle by letting the potential be small r,, — o«

~ro-Myn. (o

+i

_0 (6.15)

&

©, =0 (6.16)

a,
a,
a,

Noting the corresponding term from the Dirac massive particle :
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P omc )|V,

Pn 0% A7

'(h " )ws (617
Yy

Both termsin Eq. (6.16), have r the observation vector in the terms whereas the Dirac
massive particle terms do not.

Explicitly Eq. (6.16), is:

i mcz p, T mnc(i_lxj ]
noroohor R\r r
mnC(z ixj _mez By % [fa] [0
h\r oo norohoellla,| |0
mcz p, §,  mgc §+ix) a,| |0
noronfl o (roor a,| |0
mnC(z_ixj MCZ Pu T
AN noronr |
(6.18)

Where A =a',a',,a',,a',,

Now the system is taken to be such that the observation vector is aligned with the
momentum along the z axis r = z, and multiply the components of the @'s, thus:

MCZ P T
noroohor

_mcz P, T
v

(6.19)

o}

L pp e
|
o o oo

_mez P &
noroonor

mcz P, T
noroohor
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o) fo (6.20)
mc p, T, o '

(6.21)

Which are satisfied if the two modes are E = +c P ‘ro ‘
I'.O
observable along the direction of motion, one in the positive direction, and onein the

negative direction, and under that circumstance, the function isidentical to the well

known Dirac massless particle function.

. Thus, the modes, and are only

la=0 (6.22)

Thus, our second function of the imaginary Systemfunction alludes to a second particle
having zero rest mass, and two modes with avelocity of +v., but the phase velocity from
Eq.(6.15), isv, so that if the particle is not moving, the phase velocity is zero.

The Systemfunction of the free particle then represents a composition particle, consisting
of a Dirac type massive, and massless particles. An interesting factoring of thisis
included in Appendix X.

Appendix VII
Spin

Taking Eq.(2.6),



II
/—‘\
>
~

N

@

v 0 9 g
[ aml a<x>J®

and putting the operator defined in Eq.(43):

)
o+ —A
(’Y '8 Ch m

We will have aterm such that:
Q s v Q ry
(y”ap+ EA)(Y av + aAj@la

va, QA om i Qe

=—oB+iy"=0c
v on s

Noting that:

We have:

u ga v ga — = 2 ga i -
(Y a“+chAj(y avJrchAj@'a {(y %) +( chAmj )

(G-Bm + inG-Em) C)
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(7.2)

(7.2)

(7.3)

(7.4)

(7.5)

which illustrates that the Systemfunction exhibits the same spin energy associated with a
29 electron in the presence of a charged particle, (i.e. the Bohr magnetron) as does the

Dirac particle[5].

Appendix VIII

Developing the General System Equation and Systemfunction

Eqg.(19), which isthe sum of all the free particle actions, and is thus the space of the total

“system” action.

— N_,
StotaI:ZSn = "12 |/v/m
m=1

(8.1)



This sum represents the function of collective action of the system, where the
contribution of each of the particles to the function at the K point hasa 1/r,,

dependence.
If the S, Vector field is evaluated at an event, the system is then an instant point

function of time, which is acceptable for the point, but if this point is observed from
another location, the interval would not be proper.

With % being the time from the initiation of the system the observability of all the
particle actions are along the past lightcone. And the invariant interval connecting the

particlesis anull vector, thus % in the action which has been the Lagrangian integrated
from the initial event should be replaced with the null vector along the past lightcone.

R— K =1"X, = AR (8.2)

An assumption now is, that the start of the expansion of the universe, T, the minimum for

the action sum is not zero, but ¥ the quantum of action, 7. Theunitsof Sarein 7, so
Eq.(8.1), should become:

S=(A2iS+1/2)(XiSH +1/2) (8.3)*

Putting thisinto Eq.Error! Reference sour ce not found., gives.

6. Ae(ZiéJ[Zié] R Ae[ y(ziéwzj[ziéyﬁyz] o

Rearranging the exponent of thisis:

(ADiS+12)(YisH +1/2) = AN ISYiSH +1/24 Y iS +/2) IS +1/4

(8.5)
Asnoted earlier Y iSY iSisascaar, then:
HADISY IS+ Ay iS +1/4 (8.6)

Now since S hasafactor %, (which will be shown for illustration), as the product of the
first term:



AAR = (W -X*-Y?-2%) = (R°—yX%) =0 (8.7)

Separating the space and time terms in EQ.(8.5), there is the space, time symmetric
exponents, so that Eq.(8.5), becomes:

= (WXSYIS) - ((v*X,)DiSYiS) + f->iS+1/4 (8.8)
If this represents the factors of the Systemfunction, which by the procedure outline
Eq.(49), - Eq.(54), leading to:
The imaginary function:
0 [

Y“m 0, :ml(i), (8.9)

n
Therea timelike function:

o O

Y a(mz)(am:—1/X§I®R2 (8.10)
and the spacelike function:
k a 2
Y o O, = 1/ 7(‘ol Or, (8.11)
o(X?),

These functions represent the Systemfunction for two universes, ®,,, whichisa
timelike universe inside the light cone, in which we reside, and ®, , a spacelike
universe, exterior to the light cone.
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DUAL UNIVERSE
time-like space-like
-
cT!
l : //
Particle action
event lines —_ |
et lght cone Seece ik
Time-like —-
initial event R
Figure 8.1
Appendix I X

Particle Interaction Lagrangian

From our Lagrangian we have for the interaction of the m particle with the n particle:

- 2 2 - -
m,. mgc Vn | €€ 1 Vm V
0% — 0= 11— — |4+ 2 ZQ— 1-— (9.1)
h c|nm | MC T, cC C
or
> 2 —)2 2 g d
m,,C m.c vy €€ 1 Vm V
oo MG g IV fi] L Qg Vm Vo ©2)
h h 2c¢ nm| McC T, cC C
1 - CccC Vi V .
m,c° =+ mc —=m v ++ | >|1--"."
nmo|o cC C
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So the interaction Lagrangian is:

ce 2 d d
L, —ts |8 [1 V'"-V”} (9.4)
nm| o cC C
From Jackson p407 [1], the interaction Lagrangian for two particlesis:
1
Lo =22 (p-A)=Q(¥-A) (95)
Y mc
Where:
m, =m, [1— (%) m=my y= ! (9.6)

And from Doran Geometric Algebra p242 [6], the Liénard- Wiechert Potentias for a
particleis:

S e A (9.7)

We are not looking at r as the distance to the actua position, but the distance as observed
an

Thus

et = fror(i) oo - (). oo

m

which is the same as our interaction Lagrangian in the classical particle Eq.(9.4).

Appendix X

Factoring the Dirac massless function
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An interesting feature of the Dirac massless particle function®,, is the ability to factor it
into a product of photon type function.

(10.1)

without the potential and observed along the direction of motion has a phase velocity
equal to the particle velocity v, is:

. M C
FI—N¥ ra—Vnt
16,0, =13, A 10 Mazg (102)
Which, with the substitutions of:
m, c? =[(m1+ m,)c ]c Vz% (10.3)

Thefirst isthe total energy is set equa the sum of the energy of two photons, and the
second isthe velocity Is set equal to the velocity of the center of mass of the two photons
going in opposite directions.

Eq.(10.2) , can then be written as:

x e h , (10.4)
or:

xe (10.5)

which isjust the product of wavefunctions for two opposite going light waves.

Appendix Xl
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Distance and size of a simple charged particle

From Eq., the free particle action for a smple charged particle has been asserted to be:
S = iia%/m (11.1)
Where the distance to the particleis:

[Tl = AT = Aok = 1 —ak, (11.2)

Notethat |7, | is the distance from an observation point to the classical radius of the
particle

This action would apply to an electron, positron, and perhaps the leptons, but not likely
compost particles that have a more complex structure. The detail structure does not
come into play for atomic systems, or the issues of large scale phenomena, although it
seems plausible that actions for other particles could be established.

Anissue of courseisthe boundary at o ,, , which isthe classical electrostatic energy

radius as well as the Thompson photon scattering radius. Thisradiusisin contrast with
el ectron-electron scattering experiments which are consistent with the hypothesis that the
electron isa'point particle.'

The apparent answer to this dichotomy is that as the energy of the scattering particlesis
increased, the radius being inversely proportional decreases. At an energy of 29Gev
(Bender 1984) the radius would be 10E-5 smaller or < 10E-16 cm, which was the
observed upper limit. On the other hand, the arrival of a photon, which has no potential,
at the boundary photon, would not alter the radius other than by impact, and thus the
ai ., radiuswould be consistent.



