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THE DYNAMIC THEORY: A NEW VIEW OF SPACE, TIME, AND MATTER

by

Pharis E. Williams

ABSTRACT

The theory presented represents a different
approach toward unification of the various branches
of physics. The foundation of the theory rests
upon generalizations of the classical laws of thermo-
dynamics, particularly Caratheodory's abstract
statement of the second law. These adopted laws
are shown to produce, as special cases, current
theories such as: Einstein's General and Special
Relativity, Maxwell's electromagnetism, classical
thermodynamics, and quantum principles.

In addition to this unification, the theory
provides predictions that may be experimentally
investigated. Some of the predictions are: a
limiting rate of mass conversion, reduced pressures
in electromagnetically contained plasmas, increased
viscous effects in shocked materials, a finite self
energy for a charged particle, and the possible
creation of particles with velocities greater than
the speed of 1light.

I.  INTRODUCTICN

The objective of this report is to present as complete a picture as possible
of the development and current status of the proposed physical theory hereafter
referred to as the Dynamic Theory. The presentation will include philosophical
foundations, logic development, and some of the unanswered questions considered.
Such a presentation runs the risk of being lengthy and appearing to lack logical
order, particularly if strict chronological order is used. This risk will be
taken in order to make the presentation as complete as possible though chrono-
logical order will not be followed.



During any theorization the philosophy of the theorist plays such an impor-
tant role that an attempt to understand the theory is aided by a knowledge of
this philosophy. Therefore this report includes not only the philosophical basis
upon which the theory is based and the mathematical development but also ideas
and beliefs which played a part in the various decisions. Because of the
individualistic nature of philesophy this report will deviate occasionally from
a strict third person presentation, risking a loss of professional appearance,
to the clearly personal first person.

Though I had often asked "Why?" when confronted with some new assumption or
adopted postulate, the first really puzzling facet of current physics I encoun-
tered was the concept of relativistic kinetic energy from Einstein's Special
Theory of Relativity. The puzzling part was that it depended upon the speed of
1ight independent of the mechanism by which this energy might be transferred. To
better illustrate what puzzled me, consider the transfer of energy between two
charged particles on collision courses. If the particles have near-miss trajec-
tories, then the energy is primarily transferred by the electrical forces between
the charges. From the view of retarded potentials, or the concept of a limiting
speed of electromagnetic signal transmission, it is rather easy to accept the
energy transferred being dependent upon this limiting velocity. But suppose the
particles are uncharged and che interaction is strictly a gravitational one.
Again the concept of a limiting signal speed would imply that the energy ex-
changed between the particles depend upon this limiting velocity. But is it the
same as the 1Timiting signal velocity for the electromagnetic case? Do gravita-
tional waves travel at the same speed as electromagnetic waves?

Einstein, in the Special Theory of Relativity, adopted the position that the
constancy of the speed of Tight forces a modification of Newton's dynamic law.
This modification implies that all forces have the same limiting velocity,
namely, the speed of 1ight. There exists an abundance of theoretical and experi-
mental evidence that the speed of light becomes the limiting velocity whenever
electromagnetic forces are involved. The point that bothered me was whether
other forces, such as gravitational, should also have the same limiting velocity.
Though we have had reports of the detection of gravitational waves, we have no
experimental determination of the speed of a gravitational wave. Therefore, 1
object to the viewpoint that the modification to Newton's law should be applied
to all forces without some additional justification.



Let me describe an analogy which may not hold in the strictest sense yet
Wwill serve to illustrate my point of view. A river, flowing toward the sea, car-
ries energy with it. The speed with which this energy can move from one point to
another is the velocity of the river's current. The river produces a force on a
boat tied up to a pier on the river. When the boat is set adrift, this force
accelerates the boat. However, the maximum velocity to which the river can
accelerate the boat is the current velocity; this is the velocity with which the
energy of the river can propagate.

From this point of view the speed of 1ight, being the propagation velaocity
of electromagnetic energy must be the limiting velocity associated with electro-
magnetic forces. Certainly nature would be much simpler if all forces have the
same limiting velocity. Yet without some experimental evidence of the propaga-
tion of gravitational energy, I find it difficult to feel comfortable with
Einstein's modification of Newton's law justified by electromagnetic experimental
evidence and arguments of simplicity.

The fundamental philosophical viewpoint that the force depends upon velocity
and vanishes as the velocity approaches the limiting velocity raises another
question concerning Einstein’s modification of classical mechanics. Under
Einstein's modification Hamilton's principle is written with a relativistic mass
which depends upon the velocity and a velocity independent force. Does this
represent a different philosophy or are both views equivalent? More specifi-
cally, are the "real" concepts to be taken as a mass independent of velocity
together with a velocity dependent force or should we associate the velocity
dependent relativistic mass and velocity independent forces with "real" world?
Or does it make any difference which we chose?

At this point I faced the first major decision. If I adopted Einstein's
postulates, then it appeared that I would be required to change my intuitive
belicfs concerning certain physical phenomena. I found this extremely difficult
to do. On the other hand, if I did not embrace these postulates, I would have to
replace them with something that would say essentially the same thing in all
cases where the Special Theory of Relativity has been found to be very accurate.
Not only this but if a new point of view were adopted, then virtually the
entire sphere of physics may need to be reviewed in order to ensure that the new
point of view did not conflict with currently used theories. This seemed an
imposing, if not impossible task, particularly since my educational experience
was in eiectrical engineering rather than physics.



History records the advancements in physics which came from the efforts of
people new to the field. Therefore my lack of training in physics might be
turned into an advantage if I sought to determine a philosophical basis unhamper-
ed by the directed philosophy that comes from a study of physics as currentiy
taught. This is in contradistinction with current practices and proceduires of
acadgmicism where mastery of current theories generally precedes the development
of a new one. To deliberately choose this deviation risks accusations of
arrogance and naiveté. On the other hand such a choice seemed the best way of
avoiding the danger of becoming so familiar with current ways of thinking as to
make it imp: obable of giving due attention to other ways. Whether or not 1
succeeded in determining an alternate set of postulates consistent with reality,
the search would demand a deeper study of physics than I would likely achieve
otherwise.

Having decided to Took for a new foundation for physics I was faced with the
question of how to begin. 1 recalled some Ozark hill philosophy I overheard as
a youngster. A native Ozarkian was giving directions to a stranger who was try-
ing to find a certain fishing hole. The directions went something 1ike this:
"See yonder road going down that holler? Weil, go down thar 'bout five mile and
you'll come to a fork in the road. Take the right hand fork. Now that's the
wrong one but you take it anyways. After you've gonz a piece, you'll come to a
log across the road. Now you know you're on the wrong road. So go back and take
the left hand fork. You can't miss it."

A quick review of physics reveals that there are different branches with
different sets of fundamental Tlaws or postulates. Though it is easy to see how
the distinction between these branches came about, it was difficult for me to
believe that nature shared the same divisions. I felt that all natural phenomena
should be explained by a single set of fundamerital Taws. This belief is somewhat
like a grove of redwood trees or bamboo forest. Above the ground each tree
appears as a distinct plant. Yet we know that below the ground they may be found
to grov from the same root system. Thus I felt that a more fundamental approach
might display the unity in nature and that prior attempts at unification in the
search for a unified field theory could be likened to attempts to tie the trees
together at the tree top level rather than down at the root level.

Is nature symmetrical in time? Does everything run backward in time as well
as furward? Obviously, not every process in nature will run backwards, yet the
equations of motion in Newtonian and relativistic mechanics are time symmetrical.
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I believe in an asymmetrical nature and this belief played a role in the
eventual selection of fundainental laws.

How then did I use this philosophy to determine a set of generalized laws on
which to base an attempt to construct a new approach to physics?

Newtonian mechanics fails to describe events involving high velocities,
relativistic mechanics fails to describe the atom, and gravitational effects
have resisted quantization. If these are viewed as logs and the Ozarkian's
directions are followed, then we must retrace our steps and seek another approach
rather than attempting to chop up the log and continue to push forward up one of
these roads.

The branch of thermodynamics, however, does not appear to have a log some-
where along the way. Here the classical thermodynamic laws are very general,
particularly Caratheodory's statement of the second law. Thus the thermodynamic
laws appeared to be the fork in the road where a new route might be chosen.

However, in mechanics we talk of equations of motion, field equations, and
geometry while in thermodynamics we speak of equations of state and equilibrium.
If a generalization of the classical thermodynamic laws is adopted, how might we
obtain the equations with which we are familiar in mechanics? More particularly,
how could this type of general law yield geometry and a variational principle?
The second law of thermodynamics can produce a variational principle through
principles such as increasing entropy and minimizing free energy, but can it also
produce a geometry?

This seemed to be a crucial point. If the laws could not produce a geom-
etry, then a geometry would have to be assumed, thus necessitating an additional
assumption. The belief that a simple fundamental set of laws should lead to the
fundamental principles of the different branches of physics made the thought of
additional assumptions abhorrent. The notion that the adopted laws should
specify the type of geometry that must be used seemed very satisfying. Newton
found that the absolute nature of Euclidean geometry brought undesirable fea-
tures. Einstein, in his General Theory, displayed the benefits that might be
gained by going to a more general geometry. He showed that physical phenomena
might be displayed as elements determined by certain physical laws. This is
essentially the question here. Can a set of laws, which are generalizations of
the classical thermodynamic laws, determine the metric elements and hence the

geometry?



By appealing to the mathematics of functions of more than one variable we
find that a quadratic form becomes involved when a maximum or minimum is sought.
Further, this quadratic form generates a natural geometry for that function. In
thermodynamics the stability conditions provide a similar quadratic form and
therefore the quadratic form which specifie: the stability conditions should form
a natural geometry for a physical system governed by laws such as the thermo-
dynamic laws.

Thus the foundations of the theory have been outlined, namely the belief
that all physical phenomena should be derivable from a single set of physical
laws which are generalizations of the classical thermodynamic laws. Such a
theory should be capable of describing all the dynamic events in nature. There-
fore it seems appropriate to call it the "Dynamic Theory." Obviously, for such
a theory to be tenable it must reproduce, or be consistent with, the various
fundamental postulates and/or laws currently used in the various branches of
physics. Indeed it should do even more. I% shouid also reduce the number of
necessary assumptions and provide an unprecedented unification of physics.
Further, there is the possibility that the theory might produce an experimentally
verifiable prediction.

The first requirement that should be placed upon the Dynamic Theory is that
it reproduce, or be consistent with, current theories. In order to show that
the Dynamic Theory satisfies this requirement, Section II of this report states
the adopted laws and then shows how appropriate restrictions upon the system do
yield the fundamental principles for the various theories.

Though a theory which has the capability of displaying & unification of
physical theories might have significant value based solely upon this capability,
it would become more attractive if it could explain phenomena for which no
explanation exists or make some new prediction which might lead to an experimen-
tal test of the theory. Since restrictions were placed upon the system in order
to show how current theories may be obtained, the easiest way to see the expanded
coverage of the theory is to relax one or more of the restrictions and consider
a more general system. In Section III one of the previously imposed restrictions
is relaxed and the results are worked out for several types of systems.

A theory, such as the Dynamic Theory, immediately poses several problems
which are not associated with validity or applicability. First, there is a new
point of view to be dealt with. Initially it would appear to be inconsistent



with all past concepts of system energy or relativistic concepts. Yet in the end
it is completely consistent with current theories and sheds an entirely new light
upon physical phenomena.

Another imposing difficulty with the Dynamic Theory stems from its general-
ity. The scope of the theory includes all physical phenomena while in the past
half century the vast amount of scientific knowledge that has been accumulated
has demanded specialists. Increasing expansion of mankind's knowledge demands
further specialization. Such a progression produces no demand for a generalist.
The result is that the greater portion of this theory will be outside the field
of many readers. ’

Closely associated with this problem is another. Throughout science symbols
and words are used to denote concepts and quantities. The limited number of
available symbols and words together with the expanded scope of scientific
knowledge requires dupiication. For the specialists this duplication can be
somewhat minimized. However, in the case of a general theory touching virtually
all areas of specialization the problem becomes very significant. In particular,
if a certain symbol or set of words is used, a certain notion or concept may be
associated with them by the reader. This association will 1ikely depend upon
the reader's specialty and therefore will vary with the reader. Any attempt to
choose symbology or word usage aimed at a particular speciality risks increased
confusion for readers in other fields. Therefore the reader is cautioned to keep
in mind that conceptualizations and symbology familiar because of its use in one
branch of physics may now take on an entirely rew meaning.

II. UNIFYING EFFECT OF THE DYNAMIC THEORY

The Dynamic Theory uses a different viewpoint, or approach, to present a
description of physical phenomena. Therefore the first criterion that it must
meet js that it must not be in conflict with existing theories in a field of
physics where the existing theory gives an adequate and accurate description. To
show that the Dynamic Theory meets this criterion, this section will present the
adopted laws and then proceed to show how the fundamental principles of existing
theories may be obtained from these laws. This is in essence displaying the
unifying effect of the theory.



A.  General Laws
In the following development physical concepts are necessary, as are symbols

for these concepts. Because this development will merge certain thermodynamic
conceptualizations into mechanics, a notational dilemma must be faced. On the
one hand, it is desired to preserve the thermodynamic conceptualization by

using familiar symbols from that theory. On the other hand, descriptions of
mechanical systems are also sought. The formulism then Tooks either like thermo-
dynamics with familiar thermodynamic quantities replaced by mechanical quanti-
ties, or it lTooks like mechanics into which thermodynamic quantities intruded.
In either case there is danger of confusion. One could avoid the dilemma by
choosing entirely different symbols for the variables of the theory. But then
the whole takes an artificially abstract character. Since ‘the purpose of this
formulation is to bring out the power of the thermodynamic conceptualization, it
was decided to use the suggestiveness of the thermodynamic or mechanical symbols
whenever convenient; the rezder is asked to keep an open mind and not make
premature associations with the symbols used.

1. First Law. The concept of conservation of energy is fundamental to all
branches of physics and therefore represents a logical beginning for a general-
ized theory. Therefore, in terms of generaljzed coordinates or independent
variables, the notion of work, or mechanical energy, is considered linear forms
of the type

dw = Fi(ql, cees gN dl, ey @M dg' (i=1,2, ...,0) ,

where the forces F. may be functions of the velocities (dq /dt = qi) as well

as the coord1nates q and the summation convention is used. The inclusion of
velocities in forces reflects the belief that forces should depend upon the
velocities. This will become clearer when these work terms are included in the

first law. ]
The 1ine integral jc F; dq1 then represents the work done along the path C

by the generalized forces.
A system may acquire energy by other means in addition to the work terms;

such energy acquisition is denoted dE.
The system energy, which represents the enerqy possessed by the system, is

considered to be



u(al, ..., q" &l .., dh)

du will be assumed to be a perfect differential.
With these concepts, then the generalized law of conservation of energy,
which is adopted as the first law of the Dynamic Theory, has the form

dz = dv - dw

i

w - F, dg' (i=1, ...,n) . (1)

Positive dE is taken as energy added to the system by means other than
through the work terms and Fi is taken as the component of the generalized force
acting on the system which caused a displacement dq1.

In the first law the dimensionality is n+l and is determined by the system
considered. There is no limitation on the quantity or type of variables that
may be used. However, in this presentation and :n practice, it will be benefi-
cial to place restrictions upon the type and number of allowed work terms. A
system with only one work term which is the p dv expansion work of classical
thermodynamics will be called a “thermodynamic" system and the dimensionality
will be two. A system with three or less mechanical f dx work terms will be
called a "mechanical" system with the appropriate dimensionality. Obviously, if
there are three mechanical work terms, the dimensionality will be four. A system
with a combination of thermodynamic and mechanical work terms will be considered
later.

In an infinitesimal transformation, the first law is equivalent to the
statement that the differential

dv =T + F, dg’

is exact. That is, there exists a function U whose differential is dU; or the

integral f dv is independent of the path of the integration and depends only on
the limits of integration. This condition is not shared by d& or dw. The path
dependence of [ dw is another reason that the generalized forces are assumed to
be functions of velocity as well as position. In Newtonian mechanics forces are
usually assumed to be dependent on position only so that the simplicity of path
independence may be used. Though even in Newtonian mechanics certain forces are

9



taken as velocity dependent. Friction forces are an example.

This statement of the generalized first Taw is consistent with the first Taw
of thermodynamics in that if there is only one generalized force, which is taken
to be the pressure, and one generalized coordinate, the volume, then Eq. (1)

comes

dQ =dg = dv + P dv

m

-P with the convention that work of expansion is work done by the sys-

where F
*zm on its surroundings. Here the system energy, ¥, is the thermodynamical
internal energy. There should then be no confusion when Caratheodory's statement
of the seccnd law is appltied to this thermodynamic system. However, when con-
sidering the application of generalizations of the classical thermodynamic laws
to mechanical systems some confusion may be expected. During the initial portion
of this development, it is desired to demonstrate the applicability of the
genrralized lTaws to mechanical systems. Therefore, it may help to avoid confu-
sion to think of the generalized coordinates of a mechanical system as the space
coordinates of a mass point. Obviously, there exist systems in nature that may
be considered to consist of a continuous distribution of mass points. Such a
system may be thought of as a composite system of ar infinite number of subsys-
tems and therefore involve an infinite number of “"generalized coordinates," or
"degrees of freedom." However, just as in classical mechanics, we may later make
the tran§ition from mass points to matter in bulk; then the generalized coordi-
nates, q1, used here may better be termed independent variables.

To explore some of the consequences of the exactness of duU, consider a
system whose variables are F, é and q. The existence of the state function o7, or
an equation of state, means that any pair of these three parameters may be chosen
to be the independent variables that completely specify the system. For example

consider U = U(F,q), then
()dF()dq
q

The requirement that dv be exact immediately leads to the result

LG )] =2 [39) ]

10



The "energy capacity" of a system at the position g with dq = 0 may be

defined as
- (AF ol
C=()=() s
A 9
q dq qq

and the "energy capacity" of a system under a constant force is defined as

AEy Uy pedg
Cp = (G - G - G

aq 7

2. Second Law. There are processes that satisfy the first law but are not
observed in nature. The purpose of the dynamic second law is to incorporate such
experimental facts into the model of dynamics.

The statement of the second law is made using the axiomatic statement pivo-
vided by the Greek mathematician Caratheodory, who presented an axiomatic devel-
opment of the second law of thermodynamics that may be applied to a system of any
number of variables. The second law may then be stated .as follows:

In the neighborhood (however close) of any equilibrium
state of a system of any number of dynamic coordinates,
there exist states_that cannot be reached by reversible
E - conservative (dF = 0) processes.

When the variables are thermodynamic variables, the E-conservative processes

are known as adiabatic processes.

A reversible process is one that is performed in such a way that. at the
conclusion of the process, both the system and the local surroundings may be
restored to their jnitial states without producing any change in the rest of the
universe.

Consider a system whose independent coordinates are a generalized displace-
ment denoted q, a generalized velocity d (with q = dq/dt), and a generalized
force F. It can be shown that the E-conservative curve comprising all equilib-
rium states accessible from the initial state, i, may be expressed by

o(q.q) = constant

11



where o represents some as yet undetermined function. Curves corresponding to
other initial states would be represented by different values of the constant.
Reversible Z-conservative curves cannot intersect, for if they did, it would
be possible, as shown in Fig. 1, to proceed from an initial equilibrium state 1,
at the point of intersection, to two different firal states f1 and f2’ having the
same g, along reversible Z-conservative paths, which is not allowed by the second

law.

» q

Fig. 1
If two reversible E-conservative curves could intersect, it would be possible to
violate the second law by performing the cycle i, fl’ f2, i.

When the system can be described with oniy two independent variables, such
as on the E-conservative curve, then if these variables are q and q, and F is a

generalized force,
dE = dv - Fdq
Regarding v = U(q,q), then

a - <g-g>q dg + “’3%)@ - Fldg

12



where ( ) » Fy and (3 ). are functions of g and q.

An E-conservat1ve process for this system is

( ) dg + [( ) -Fldg=0 . (2)

Solving for dgd/dq yields

-[(—*’ﬁ), - 7]
QS{:____(L_
dg & )

The right hand member is a function of q and q, and therefore the derivative
dg/dq, representing the slope of a E-conservative curve on a (q,q) diagram, is
known at all points. Equatiori (2) has therefore a solution consisting of a

family of curves, see Fig. 2, and the curve through any one point may be written

0(q,q) = constant

/7 ///’

R /’
RN
S S S S S S S

P O .

-

Fig. 2.
The first law, through Eq. (2} fills the (g,q) space with slopes specified at
each point. The o curves represent the solution curves whose tangents are the
required slopes. The second law requires that these curves do not intersect.

A set of curves is obtained when different values are assigned to the constant.
The existence of the family of curves o(g,q) = constant, generated by Eq. (2),
representing reversible Z-conservative processes, follows from the fact that
there are only two independent variables and not from any law of physics. Thus

13



it can be seen that the first law may be satisfied by any of these ¢ = constant
curves. The axiom requires that these curves do not intersect. Therefore the
axiom, together with the first law, leads to the conclusion that through any
arbitrary initial-state point, all reversible E-conservative processes lie on a
curve, and E-conservative curves through other initial states determine a family
of non-intersecting curves.

To see the results of this conclusion consider a system whose coordinates
are the generalized velocity q, the generalized displacement q and the genera’-
ized force F. The first law is

dE = dU - Fdq

where U and F are functions of q and q. Since the (q,q) surface is subdivided
into a family of non-intersecting E-conservative curves

a(q,q) = constant
where the constant can take on various values Ops Ops «cos ANY point on the

surface may be determined by specifying the value of o along with g so that v,
as well as 7, may be regarded as functions of o and q. Then

()d+()dq

du

and

@—(3”) do + () - 719

Since o and q are independent variables this equation must be true for all
values of do and dq.

Suppose do = 0 and dg # 0. The provision that do = 0 is the provision for
an E-conservative process in which dz = 0. Therefore, the coefficient of dq
must vanish. Then, in order for ¢ and q to be independent and for dE to be zero
when do is zero, the equation for dE must reduce to

i
(az) dq ,
q

14




with
Uy _
33 =F

Defining a function X by

A= <g-gq :
then

dg = A do ,
where

A = A(0,q)

Now, in general, an infinitesimal of the type

Pdx + Qdy + Rdz + ... ,

known as a linear differential form, or a Pfaffian expression, when it involves
three or more independent variables, does not admit of an integrating factor. It
is only becauce of the existence of the axiom that the differential form for dE
referring to a physical system of any number of independent coordinates possess
an integrating factor.

Two infinitesimally neighboring reversible E-conservative curves are shown
in Fig. 3. One curve is characterized by a constant value of the function Ops
and the other by a slightly different value oy * do = og- In any process repre-
sented by a displacement along either of the two E-conservative curves d& = 0.
When = reversible process connects the two E-conservative curves, energy dE =
A do is transferred.

The various infinitesimal processes that may be chosen to connect the two
neighboring reversible E-conservative curves, shown in Fig. 3, involve the same
change of o but take place at different A. In general A is a function of q and
q. However, it is obvious that X may be expressed as a function of o and g. To

15



o

Fig. 3.
Two reversible E-conservative curves, infinitesimally close. When the process is
represented by a curve connecting the E-conservative curves, energy dZ = y do is

transferred.

find the velocity dependence of A consider two systems, one and two, such that
in the first system there are two independent coordinates q and q and the Z-
conservative curves are specified by different values of the function o of é and
g. When energy dE is transferred, o changes by do and d& = A do where A is a
function of o and q.

The second system has two independent coordinates 4, and q and the &-
conservative curves are specified by different values of the function G of § and
9. When @& is transferred, o changes by dG and d& = & d6 where A is a function
of ¢ and q.

The two systems are related through the coordinate q in that both systems
make up a composite system in which there are three independent coordinates é,
g, and gq and the E-conservative curves are specified by different values of the
function oA of these independent variables.

Since o = 0(4,q) and 6 = 5(4,4), using the equations for ¢ and o, o, may be
regarded as a function of g, o and a.

For an infinitesimal process between two neighboring E-conservative sur-
faces specified by O¢ and o * doc, the energy transferred is HE% = Ac dah where

A, is also a function of q, o and 6. Then

16



90 90 90

= _-$dq + —C € 4a
doc-——a-é-dq+ so do+ =z do . (3)

Now suppose that in a process there is a transfer of energy HEh between the
composite system and an external reservoir with energies dZ and dg being trans-
ferred, respectively, to the first and second systems, then

dEh = dE + dF

and

or

A Ao
do = -2do+-2do . (4)
¢ "R A

Comparing Eqs. (3) and (4) for do,, then

o0
q

O

=0

J

Q

Therefore Oc does not depend on g, but only on o and o. That is

O = oc(c,c)

Again comparing the two expressions for doc

aob
0

J

Q

= —— and
o

>
O >

therefore the two ratios A/Ac and X/Ac are also independent of q, q and ﬁ. These
two ratios depend only on the o's, but each separate A must depend on the velocity
as well (for example, if A depended only on o and on nothing else, the d = A do
would equal f(o) do which is an exact differential). In order for each X to
depend on the velocity and at the same time for the ratios of the A's to depend

17



only on the o's, the A's must have the following structure:

A= ¢(q) flo)

X =¢(q) F(0) , {5)
and

A, = ¢(a) g9{0,0)

(The quantity A cannot contain q, nor can A contain a, since A/kc and i/xc must
be functions of the o's only.)

Referring now only to the first system as representative of any system of
any number of independent coordinates, the transferred energy is, from Eq. (5),

dE = ¢(q) f(o) do

Since f(o) do is an exact differential, the quantity 1/¢(q) is an integrating
factor for de. It is an extraordinary circumstance that not only does an inte-
grating factor exist for the dz of any system, but this integrating factor is a
function of velocity only and is the same function for all systems.

The fact that a system of two independent variables has a dE that always
admits an integrating factor regardless of the axiom is interesting, but its
importance in physics is not established until it is shewn that the integrating
factor is a function of velocity only and that it is the same function for all
systems.

3. The Absolute Velocity. The universal character of ¢{q) makes it pos-
sible to define an absolute velocity. Consider a system of two independent
variables q and q, for which two constant velocity curves and E-conservative
curves are shown in Fig. 4. Suppose there is a constant velocity transfer of
energy E between the system and an external reservoir at the velocity g, from a
state b, on a E-conservative curve characterized by the value 0ps to another
state ¢, on another E-conservative curve specified by Op- Then since

d& = ¢(q) f(o) do ,

18



it is seen that
%2
AE = ¢(q) [ (o) do at constant q
ag
1

\o X
b \e q = constant

q = d3 = constant

—-

Fig. 4. . .
Two constant velocity energy transfers, ¥ at q from b to ¢ and Ey at a3 from a to
d, between the same two conservative curves 9y and s

For any constant velocity process between two other points a to d, at a
velocity d3 between thg same Z-conservative curves the energy transferred is
AE(63) = AEq = ¢(d3) / 2 f(o) do at constant d3 .

%9

Taking the ratio of

_OF %ggt - a function of the velocity at which AF is transferred
AEq JCH same function of velocity at which AE3 is transferred -

Then the ratio of these two functions is defined by

. AE (between o, and o, at q)
¢%q§3 = AE4 (between o, and o, at 657
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or

AE,
- 3 .
AE = [—(v—”, 3 1 ¢(q)

By choosing some appropriate velocity 63 it follows that the energy transferred
at constant velocity between two given E-conservative curves decreases as #(q)
decreases, or the smaller the value of £ the lower the corresponding value of
¢(q). When AE is zero ¢(d) is also zero. The corresponding velocity do such
that ¢(do) is zero is the "absolute velocity." Therefore, if a system undergoes
a constant velocity process between two E-conservative curves without an exchange
of energy, the velocity at which this takes place is cailed the absolute veloc-
ity.

4. The Concept of Entropy. In a system of two independent variables, all
states accessible from a given initial state by reversible E-conservative
processes lie on a 0(q,q) curve. The entire (q,q) space may be conceived as
being filled by many nonintersecting curves of this kind, each corresponding to
a different value of 5. In a reversible non-E-conservative process involving a
transfer of energy dZ, a system in a state represented by a point lying on a
surface o will change until its state point 1ies on another surface o + do. Then

dg = A do ,

where 1/A, the integrating factor of d&, is given by
A = ¢(q) fo)

and therefore
dz = ¢{q) f(o) do

or

5%%7 = f(og) do
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Since ¢ is an actual function of § and q, the right-hand member is an exact
differential, which may be denoted by dS; and ’

dE
ds = —= :

${q)
where 5 is the mechanical entropy of the system and the process is a reversible

one.
The dynamic second law may be used to prove the equivalent of Clausius's

theorem, which is stated here without proof.
Theorem: In any cyclic transformation throughout which the velocity is

defined, the following inequality holds:

where the integral exiends over one cycle of the transformation. The equality
holds if the cyclic transformation is reversible. Then for an arbitrary trans-

formation

B -
IA By <s®) - s,

with the equality holding if the transformation is reversible. The proof of this
statement may be seen by letting R and I denote respeciively any reversible and
any irreversible path joining A to B, as shown in Fig. 5.

Fig. 5.

For path R the assertion holds by definition of 5. Now consider the cyclic trans-
formation made up of I plus the reverse of R. From Clausius' theorem



or

dr E _
e A

Another result of the dynamic second law is that the mechanical entropy of
an isolated (dE = 0) system never decreases. This can be seen since an isolated
system cannot exchange energy with the external world since dE = 0 for any
transformation. Then by the previous property of the entropy,

S(B) - s{A) >0

where the equality holds if the transformation is reversible.
One consequence of the second Tlaw is that of all the possible transforma-
tions from one state A to another state B the one defined as the change in the

entropy is the one for which the integral

B —

is a maximum. Thus

S(B) - 5(A) = maximum I = max IB (l-EE) dt
- A ¢ dt ?

where T is a parameter fhat indicates position along the path from A to B, or

B
_ 1dUv F dq
3{B) - s(A) = max IA (6'3? -3 dT) dt
If

U= U(T’qs&s ’g%)
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where dl = dqi/dr, then the change in the entropy is given by the -integral

The d and q which maximize AS will be denoted as x and x then, with

U = U(x,x)
F = F(X,X)
¢ = ¢(x)

the x and x are given by the solution of the system of equations

3G _

d oG

dt Gx) ~ 3 = 0

d oG oG _
o Gz - =0 (6)

where

=]— M- _g_i = "*Q
G (¢) 3z - F dT] and x' =g and x' ="

. Thus the dynamic second law provides an answer to the question that is not con-
tained within the scope of the first law: In what direction does a process take
place? The answer is that a process always takes place in such a direction as
to cause an increase of the mechanical entropy in the universe. In the case of
an isolated system, it is the entropy of the system that tends to increase. To
find out, therefore, the equilibrium state of an isolated one-dimensional system,
it is necessary merely to express the entropy as a function of q and q and to
apply the usual rules of calculus to render the function a maximum. When ihe
system is not isolated, there are other entropy changes to be taken into account.

5. Third Law. The dynamic second law enables the mechanical entropy of a
system to be defined up to an arbitrary additive constant. The definition
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depends on the existence of a reversible transformation connecting an arbi-
trarily chosen reference state 0 to the state under consideration. Such a
reversible transformation always exists if both 0 and A 1je on one sheet of the
state surface. If two different systems are considered, the equation of the
state surface may consist of several disjoint sheets. In such cases the kind of
reversible path previously mentioned may not exist. Therefore the second law
does not uniquely determine the difference in entropy of two states A and B, if
A defines a state of one system and B the state of another. For this determina-
tion a dynamic third law is needed. The dynamic third law may be stated, "The
mechanical entropy of a system at the absolute velocity is a universal constant,
which may be taken to zero." In the case of a purely thermodynamic system the
absolute quantity is the absolute zero temperature, while for a mechanical system
the absolute quantity is the absolute velocity.

The dynamic third law implies that any energy capacity of a system must
vanish at the absolute velocity. To see this, let R be any reversible path corn-
necting a state of the system at the absolute velocity 60 to the state A, whose
entropy is to be found. Let CR(d) be the energy capacity of the system along
the path R. Then, by the second law,

g

A . .
S(A) = f. Cpa) 37y -
q

0

But according to the third law,
S{R) + 0
as
i G
Hence it follows that
Ca(@) > 0
q > 4,
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In particular, CR may be Cq or CF.

The statement of the third law above reflects the restriction to mechanical
work terms. A general statement of the third law that is independent of the
number or type of variables is "The generalized entropy of the system, when the
integrating factor vanishes, is a universal constant, which may be taken to be

zero."

B. General Maxwell and Energy Relations

In thermodynamics a discussion of equilibrijum and stability conditions is
best dorie if the enthalpy, Helmholtz‘'s, and Gibb's functions are defined first.
Therefore, the mechanical analogues of these functions are defined here.

Each branch of physics such as thermodynamics and particle dynamics has its
own developed procedures. If both branches can be described by the same basic
dynamic laws, then the procedures developed in thermodynamics may prove to be
useful in particle dynamics and vice versa. Once the mechanical enthalpy,
mechanical Helmholtz's and mechanical Git:s' functions are defined, it is then
easy to write down the resulting mechanical Maxwell and mechanical energy capac-

ity relations.
To begin the development of the Maxwell relations, the mechanical entropy

was defined as

. dE
95 = 367

Then, since d& = dv - Fdq,

-du _F
ds e dg ,
where
dv = ¢(q) ds + Pdq . (7)

Define the mechanical enthalpy as

H=U-~-Fq
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then

dg = ¢(q) dS - qdF . (8)
Therefore

3H . 3Hy

(52) =o(q) and (%) =-q

a5’ oF ¢

The mechanical Helmholtz's function can be defined as
k=0 - ¢(q)s ,

and

dx=dv-%ﬂ)-sdd-¢(d) ds ,

or, with
Ceen L d
0@ =g .
dk = -5¢'(q) dq - Fdq . (9)

This leads to
() =-s0'(@) and (5. = 0(@)r
q q
The mechanical Gibb’'s function may be defined as
6zH-0(Qs ;
then

dé = -¢'(q)s dg + qdF (10)
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so that

()=¢ﬁﬁam (2

From the differential Eqs. (7), (8), (9), and (10) the Maxwell relations for

a mechanical system may be written:

JONC )
o (a) QY = -39
¢ﬁH%(4%q
¢ﬁﬂ%zﬂ@F

The energy capacity at the position q can be defined as

_ ,dE -y 138
C.= (=) =¢(q) (z2)
q g q aq q

Define the energy capacity with a constant force as

= (q) ( ) ,

then

and

(11)
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C. Equilibrium and Stability Conditions

The three generalized laws have been formulated and a few - .lts of these
Taws have been seen. The next step is to derive the stability conditions to
ocbtain the quadratic forms necessary for a metric. In the process of deriving
the equilibrium conditions and in turn the stability conditions other state func-
tions are used. These functions may be defined briefly here as:

Mechanical enthalpy (#): = U - Fq

Mechanical Helmholtz function (X): X = U - ¢(q)s ,

and
Mechanical Gibbs function (¢): ¢ = H - ¢(§)s

The derivation of the equilibrium and stability conditions is identical to

the derivation of the thermodynamic equilibrium and stability conditions with
the variables changed to represent the mechanical variables g, q, S and F instead

of the thermodynamic variables T, V, S and P.

1. Equilibrium Conditions. To establish the criteria for eauilibrium,

consider Clausjus's theorem

B B -
dE Q_E_<0
AII ¢ AIR ¢~

or

B - B =
AII —%SAIR 9%5 5(B) - S(A)

For an E-conservative system d& = 0, then

AS >0 ,

or
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5(B) > S(A)

Therefore the mechanical entropy tends toward a maximum so that spontaneous
changes in an E-conservative system will always be in the direction of increasing

mechanical entropy.
Now by the first Taw

AE = AU - FAqQ
Therefore

OAS > AU - FAqQ
which is analogous to the Clausius inequality in thermodynamics.

Now consider a virtual displacement (v,q) +~ (U + &U, q + 8q), which implies
a variation s +~ 5 + &5 away from equilibrium. The restoration of equilibrium

from the varied state (U + 8U, q + 8q) +~ (U,q) will then certainly be a spontane-
ous process, and by the Clausius inequality

¢(-85) > - (8U - F8q)
Hence, for variations away from equipoise, the general inequality
8U - F8q - ¢85 > 0 (12)

must hold. The inequality sign is reversed from the sign in Clausius' inequality
because hypothetical variations & away from equilibrium are considered rather
than real changes toward equilibrium.

In a spontaneous process,

PAS > AErev = AU + work done by the system.
The "work" consists of two parts. One part is the work done by the negative of
the force F. It may be positive or negative, but it is inevitable. Only the

rest is free energy, which is available for some useful work. This latter part
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may be written as

A= 0B, - AU+ Fiq

The maximum of 4 is

Aray = BA5 - AU + FAQ (13)
which is obtained when the process is conducted reversibly.

The least work, 5Amin’ required for a displacement from equilibrium must be
exactly equal to the maximum work in the converse process whereby the system
proceeds cpontaneotsly from the "displaced" state to equilibrium (otherwise a
perpetual motion machine may be constructed). Corresponding to £q. (13) then,

64 . = 8U - Fdq - ¢85

The equilibrium criteria may then be expressed as

SAmin 20
In words: At equilibrium the mechanical free energy is a minimum. Any displace-

ment from this state requires work.

2. Stability Conditions. To decide whether or not an equilibrium is
stable, the inequality sign in Eq. (12) must be ensured. The conditions tor
stability may take different forms depending upon which variables are taken as

the independent variables.
To derive the stability conditions when g and S are taken as the independent

variables consider the terms of second order in small displacements beginning

with the general condition
SU - Foq - ¢85 > 0

Choose U = U(q,S), which, because of the identity
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or
¢ds = dv ~ Fdq ,

is a natural choice of the independent variables, and expand U in powers of &g
and &S

2 2 2
2 U 37U .2
¢GS+FGq+2(q)Gq +2m5q65+—&9—2—65

+ terms of third order ... (14)
The inequality (12) then shows that in (14),
second order terms + third order terms + ... > 0

Retaining only the second order terms, the criterion of stability is that a qua-
dratic differential form be positive definite;
2 2 2
alzjéq2+2 Y sqss + 20 as” >0 . (15)
9q aS
If this is to hold true for arbitrary variations in 8q and &S, the coefficients
must satisfy the following:

QEQ >0 : BZU BZU - 2 )2
an as2 aqz Bqa

>0

When q and q are considered to be the independent variables, a quadratic

form in &g and 5q may be found by using
XK=U- ¢S
so that

8K = 8U - ¢85 - a%ssq - —g 8584
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The terms 658G cannot be neglected because in Clausius's inequality, which is the
actual stability condition, the variations are finite, and therefore, from Eq.
(12) the following is obtained:

6K+¢<ss+%§(s+<ss) 8q - F8q - ¢85 > 0

49 gea 4 90 soen -
8K + a5 S568q + aq 8§58q - Féq > 0

Expanding in powers of &9 and &q,

2 2
- d oo . 13% . 2 9% 1% . 2
ax-paq-agsaq+2 7 50" + o 0084 + 5 S5 8° + ..
aq 99
and
L 130 o2 13U :
858q = 334 8q° + b (aq F) 8q6q
But
3K _ U 3¢ 5 93U _ _do,
3¢ 39 " 39 ¢ 3G dq
and
3K _
E-F
Therefore
_BEJS:éF_:-_?l(l) U _ R
3439 39 q ?
and
2 2
M:_Ms_g.?_(l)é,q
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Then

i 2 22
(38) 6589 = - (X% 5+ ) (64)% - -2K sqsq
dq 2 3Gaq
aq
and the quadratic form in &G and &q is
2 2 2 2
1 07K 2 9K . 1 97K 3K (242
——7(6) + 5= 506Q + ———2-(6q) = (8q)
2 399G 2% qz
_ o (53)2 - %K g0si > 0
q
or
2 2 2
O (5% - AK+ 298 5) (53)% > 0
aq aq aq

Since ( ) = F, then

2
9__](.=(¥.>0

3q 99

Qther gquadratic forms may be derived by using different independent
variables; however, these two quadratic forms will suffice for this development.

D. Geometry and Field Equations
There is nothing that specifies which of the quadratic forms coming from the

stability conditions should be adopted as the metric. Thus the choice may be
based upon simplicity and/or applicability. However, it becomes obvious that if
we choose one of the forms using the velocity as our metric and then obtain
equations of motijon, then the equations of motion will become third order dif-
ferential equations since the velocity is itself first order and the equaticns
of motion are second order differential equations.
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The fact that these equations of motion will become third order differen-
tial equations in time displays a time asymmetry that appears to correspond to
nature. However, third order equations are difficult or impossible to solve.

1. Geometry. To avoid the difficuity of third order equations of motion,
suppose we adopt the quadratic form of Eq. (1%) as the metric for our system.
Thus we are adopting a manifold with coordinates of space-mechanical entropy.

It now becomes desirable to extend our system beyond the dimensionality
used thus far. Such an extension brings up a gquestion concerning the integrating
factor. With one work term the differential of the entropy was written as

ds = = f(o) do

ol

Then if for each dimension the exchange of energy is denoted by a@i, then

HEi
ds, = — = f, do. ,
1 ¢>i 1 1

where there is no summation intended for fi doi. Since each dSi is a perfect
differential, then the total change in mechanical entropy may be written as

ds =L ds, =3~ =1 f. do,
i i i

However, the question which arises is whether there exists a single integrating

factor ¢ such that

- dE.
= Z 1
1

ds = —1
L 7,

'el'-’:l

= ? fi dci

To see this consider the elemernt of work considered before as

i

w
-
1]
—
.
]
3

. dq

dw =% F
i 1

Since each dUi is in itself a perfect differential, then dU = & dUi so that
i

dE = ¢ dUi - LF dqi =z (dUi - F; dq')
i i i
34



or

If the system is total E-conservative in the sense that

dE’=ZHE1.=0 .
i

then dE = 0 is a Pfaffian differential equation. This equation is integrable and
has an integrating factor ¢. The integrability is guaranteed by the dynamic
second law since it is impossible to go from one initial state to any neighboring
state. Then, just as in the one-dimensional case, the perfect differential fol-

Tows:

=

E.

L i
i

d;

ds =

'Gll’d
<

But since

dz; = ¢; F; doy

then

¢; fy doy

ds = ¢
¢

i
Now following the same argument presented in Section II.A.2 concerning the

composite system,
dE = A do

where o is a function of all the o, and the 51. Therefore since
dE’_i = A4 dc_i s
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then

— 3¢i
dE'=1Z.)\1- {'—3'5d0+d0.i]’
Now
g (3 gai . B0
do L ( «j dq’ + EG doi)
i 9 i
so that
dE = ¥ dE.
. i
i
or
Ado = I Ai do.
i
and
A
d0=)1_‘.->\—d01

It follows that the ao/aqi = 0 and that the ratios xi/x are also indepen-
dent of the §'. Therefore the A's have the form

A =0 F,
A=¢ F(ol, Tps wees on)

and also

&

<[t
1
M
&
n

— ™
-
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The right hand side is a perfect differential and therefore so is the left.

Since A, /f is an integrating factor and A/F is also an integrating factor,
it follows that ¢(q s q2, ..., q") is an integrating factor for the EEi as well
as for dg - ? dEi. Therefore

dE.
ds = £ =5 1
i o}

'GIB:I

The importance of this question may be seen in terms of the difficulty that
would be created if a universal integrating factor could not be found. For then
each additional work term would require its own integrating factor determined
individually.

Thus assured that an overall integrating factor exists, then the existence

of an overall entropy function is guaranteed so that

for any i and the quadratic'form may be extended to include three spatial work

terms and thus becomes

82

2
2 (49)% + 2 2L (ds) (dg®) +
35 asaq” 3q™ aq

(dqa) >0; aB=1,2,3

Adopting this quadratic form as the metric of a general system whose thermody-
namic variables are held fixed, we may then write this metric as

(do)? = hyy do’ dod 5 (1,3 =0,1,2,3) , (16)

where the summation convention is used and

- 3%y
137 391 g3
with q0 = S/Fb, the scaled mechanical entropy for dimensional correctness.
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Thus, the stability conditions provide a metric in the four-dimensional
manifold of space-mechanical entropy. However, the existing relativistic
theories are theories in a space-time manifold. Therefore, if these theories
are to be cortained within the dynamic theory, then the space-time manifold must

be found within the dynamic theory.
The arc length s in the space-mechanical entropy manifold may be parameter-

ized by choosing

ds = qp dt = cdt

where do = ¢ is the unique velocity appearing in the integrating factor of the
second postulate. The metric may now be written as

(at)? = hy; da dod 5 (4, 5=0,1,2,3) . (17)

Now suppose the systems considered are restricted to only E-conservative
systems. Then the principle of increasing mechanical entropy may be imposed in
the form cf the variational principle

s /(%)% =0 .

In order to use this variation principie, Eq. (17) may be expanded, solved
for (dqo) and squared to arrive at the quadratic form

0v2 _ 4 1y (274012 o o, B
(dq")“ = ‘hoo) {c“(dt)® + 2hy A dt dg” - h .dq°dq"} . (18)
<Y Y B 'Y2
) = ho, G \ 2 hgd'a .\ Mgy
Poo hoo  hgg hoo

with q7 = dq/dt.
By defining X = ct, x*=q% ; o

1, 2, 3, then Eq. (18) may be written as

0, 1, 2, 3) (19)

(0”2 = (@ §;; ax’ axd 5 (4, g
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where f = hyy. This metric obviously reduces, in the Euclidean 1imit of constant
coefficients, to the metric of Minkowski's space-time manifold of special rela-
tivity.

In his General Theory of Relativity, Einstein assumed the space-time mani-
fold to be Riemannian. However, this assumption involves the a priori assumption
that the scalar product be invariant. This assumption was later questioned by
Weyl in his generalization of geometry. From the viewpoint that the adopted
postulates should contain the other theories it then becomes desirable to deter-
mine whether or not these postulates specify the geometry of the (qu)2 space-
time manifold. More particularly do the adopted postulates lead to a geometry
that includes the geometry of current theories? To arrive at a more general
geometry would not be a limitation for it would certainly include the others.

Recalling Eq. (19), we can define

Hi

042 _ (1, & i d- /L 2 . & T 4d
(dq”) (f) 95 dx' dx () (do) =gy dxodx? . (20)
Now the second postulate guarantees the existence of the function mechanical

entropy and that dq0 be a perfect differential; therefore

dg’ = o ax' (21)
0_.0,.i 0.
where q; =59 /ox . Then the exactness of dq  is stated by
0 0 _ 22
95 = 9571 7O (22)
By defining the parallel displacement of a vector to be
(23)

-V S
dz. r is dx°c

1 v

and using Eqs. (21) and (22) it may be seen that the connections must be sym-

metrical, or

rV -1tV . (24)
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This result should not be taken to mean that only symmetric connections
need to be considered. Rather it means that given the §ij's that maximize
(dqo)2 = (%£$)2 » then the connections are symmetrical. However, since a
variationa]oprincip1e must be used to determine the §1j's, then both symmetric
and antisymmetric connections will have to be considered.

In Weyl's generalization of geometry he found it necessary to assume th:2
symmetry of the connections. He proved a theorem showing that the symmetry of
the connections guaranteed the existence of a local Euclidean limiting manifold
and used this theorem in support of the symmetry assumption. Here we find that
the second law requires that the connections formed by the solution coefficients
must be symmetrical thus guaranteeing, through Weyl's theorem, the existence of
a local Euclidean gecmetry within the Dynamic Theory.

Suppose now we consider whether the order of differentiating the change in
entropy makes any difference. This means that we must use symmetric connecticns
since the actual change in entropy will be determined by the metric coefficients
that generate a maximum. Therefore, consider the difference

da012 = 22(dq%)? _ 3%(dq%)?
8(dg7)" = - Tk
X ax X" ax

Since (dqo)2 = q? q? dxi dxj from Eq. (21), using Eq. (20) we find

q =g

00
i 9

ij
Then

0,2 . .
a(dg )= _ , 0 0 0 0 i 0,2
K~ (qjlk Q; qi]k qj) dx’ dxv + (qk)

Thus

2., 02
22dq”)% ;0 0,0 0 0 0
K ank - Lhlk]e % 950k Gije T % kje 9

0 0 4.4 .5.,0 0,.0 0
+ %k qjlﬂ] dx’ dx‘ + 2q5le q, + 2qk|£ ]



Likewise

82(d O)2

0 0 0 0] 0

= [q: D+ Q. TE I
ax¥ axk [qjlzlk 9 T 90 Yk T %))

0 0 0 0
t 20y, 9 * 29 9
Therefore the difference must be

02 . (0  _ 0 0, (.0

A(dq™) {(qjikll qjlﬁlk) qQ; + (qilklg

Using the definition Eq. (23) we see that

0 0 0 i3
K qj + qi!£ qj]k] dx’' dx

0 0 i Jd

o_-.r s 0
dqj =T ;5 dx” q,
and
0 _ 0ar
Uk =% Tk 3
also
G Oar
Ui = % T ki
Now
Ar
or' .
0 ) 0ar 0 4 0 ik
Q; =——[q T 1=q,, T: +q
ilkla = S0 S0 ik rie " ik "%
AP
Oas ar , 0° 4k
=q_T sy + 9
s~ rg ik r axg
af ¥
AT n~ 'lk
=q.{f. % + }
r i% © ik Bxg
Similarly
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0 _ 0 ,ar ss i
ok =% T Ty ¥ K }
X
Therefore
ar ar
of ¥, of
0,0 0 _ 0.0 % ik ig,ar as
%G 95 kpe = H)e)d =95 9 1 ok K Fee Tk

Then defining the vector curvature as

ar ar
Rr = o ik _ o 4o +Pr p oS8 _fr §s
oy = : S0
i2k ax ax K s ik sk = 12

the difference may be written as

r 0 03 R

2
8(dq®)? = {q? o0 R tak * 9 ap R 550 dx’ dxd

0

However, recall that q? 95 = aij; then

A(dg0)? = in R T+ 85, R ) dx' dx
But

ari = ﬁir and ﬁijkz = gir R gkl :
so that

0 - ~
A(dg"™) {RJ1£k 1J£k} dx dx

So the difference will vanish if
Riiok = = Rijak
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Now since
(dq%)? = qo qo dx' dxd = A

differentiation will result in

4(da”)? = d(a] a3 ¢x' &) = d(§,

or

0 i 0.0

da; q? dx' dxd + q; day dx' dxJ + a4

= d§; ; dx’ dxd

which can be written as

r ?s dx® qO q0 dx dx + qO rr
But

~ _ 0.0

%379 95
Therefore

ar s~ ar s~

T is dx grj +T js dx 9ip
or

n 99 s
~ o ~ r _ i
grj r is * Ipi T is xS

dx dx .

0

dx de)

qg d(dxi dxj)

+ g Cd(dxt dxd)

s 0

r dx q, dx dx t4; 4

i i,z
j dx’ dx‘ + 9;

0

j d(dx1 dxj)

g d(dx} dxd)

(26)
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and

A

I’j_is+1’. =

~ ag.
f .. +T, . =18 (27)
81] Jsi axs
Then interchange jis to isj so that
N A ag s
Figi *Toqs = s1 (28)
18] 81] E)x‘]
Add Egs. (27) and (28) and subtract Eq. (26).
~ ~ ~ A A A 36 3 aa' aa"
P, .+T .. +T .. +T7, . -T,, -T,, =—21,4 s __~1J]
isj 8ij sij jei jis ijs axJ ax] ox®
or
R 50 .  99_. 9G..
r =l'-{ g1 4 2 1‘]} (29)
s10 20 50 0 o S
and
pr o_grs s - ﬁti{agsi + ags;j agij}
.. =@ L. = - i
1 sid 2 0 5 J a0 xS

Now by using the symmetry of aij it can be shown that

A I

Riiok = = Rijak
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and therefore

A(dqo)2 =0

This is the necessary and sufficient condition that the differential entropy
change may be transferred from an initial point to all points of the space in the

manner that is independent of the path.

The distinguishing features of Riemannian geometry is the invariance of the

scalar product under a vector transplantation.

Therefore to determine whether

the (dqo)2 space is a Riemannian space, consider the vector Ei and ﬁi. Now

since

E’i = g'l,]g
and

G =P b =T g, g

j is r is 9rk o
then
. 3G. . .«

~ 23 N s 2 ~k _ __JJ_AJ s

9ij 47 = T g 7 g & - 5 &
Or, since

Aij = i 255 - o

g gij = 61 =1 and i rjis + rijs

then

AJ' 8 ~ Aj
E dX + gij dg b
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"j "'ij o Ak oy oy Ajl &
de¥ = g7 Ty, & - (T4, *+ Tyj,) €7 d

~ii ;A 2k . s
g (-Tye) & dx

~j s 2k

Thus the change in the covariant and the contravariant vectors is given by

dé. = f " dx® é

1 1s r

and

i

g - f 13 axs &'

Now consider the change in the scalar product Ei ﬁi. Then

d(g; ') = dg; n' + g dn’

Ar s A A-i A A-i s "r-
= T. + &, (-
F1s dx Er n 51 ( Frs dx* n)

~ A~

dx® €; n"

- fr sz A~ pi
F'is dx gr n Frs

Renaming the indices in the second term yields

& 2 ar 2o~ 8
E.n - Ty &M ) dx

dg; n') = (f5, &,

S
Thus the geometry of the (dqo)2 manifold is Riemannian.

The next question is what is the geometry of the (do)2 space? Equation (20)
shows that we may write (do)2 = f(dq )2, which is reminiscent of Weyl's
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generalized geometry. Further we have

Then in the sigma space an arbitrary vector & 1 would have a length 2 given by the

self-scalar product

I T TN (30)

where § is the length of the vector in the entropy space.
If we differentiate Eq. (30), we have

20 d =22 Faxi + 273 d 2
Bx1

~

However, in the entropy space the length of the vector % is unchanged under

parallel displacement so that

nf i 2 . (31)

i1,
T

7 -1 _of 13
dg = L dx! 5

2 i

X X

Comparing Eq. (31) with the definition of the parallel displacement of a
vector, Eq. (23), we find that ¢ Ban plays a role similar to that of the
connections T jk in the def1n1f1on of para]]e] displacement of a vector.
Therefore we sha]] define the change in the length of a vector under displacement

to be

de = (¢, ax') o . (32)

This is the same definition Weyl made in his generalization of geometry.
However, there is a difference in the way it was obtained. Weyl chose this
definition in analogy with the connections T and the definition then led to the
second more general metric. In this theory the fundamental laws lead us to two
metrics and Eq. (31) for the change in the length of a vector under displacement.
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Thus within the Dynamic Theory Eq. (31) is a derived equation and Eq. (32) only

renames the logarithmic derivative.
Using Eq. (32) we may obtain, in general,

2

dg 292 (¢i dxi) = d(gij EiEj)

- i.J 4.k i 2.3 4.k J Ai.2 .k
gijlk £ £ dx” + gij ng £7gY dx” + gij sz EE” dx

Renaming the various summation indices, rearranging terms, and using the length

of a vector, we obtain

L L g eigd guk - i .k
L9550k * 9p3 Tig * 94 Tyud E6° OX° = 2955 ¢ €767 dx

Since this must hold for arbitrary choice of Ei and dxk, we conclude that

2 2 _
(955)k = 2955 &) + 9g5 Ty * 9p5 Ty = O

This is the same system of 1linear equations for the connections P;k as Eq. (26)
except that the inhomogeneous term §ij k has now to be replaced by gijlk -
Zgij Oy - Therefore the same linear algebra as before leads to

i k L1

T (33)

where {j;} is the usual Christoffel symbol of the second kind.
Now, since the entropy space is Riemannian, then in the entropy space we

have

o>
11}

= Ai = - i
; 0 and ij {jk}

and the length % of a vector is unchanged under parallel displacement. However,
the same displacement law in the sigma space, with metric ﬁij’ leads to the

relation
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2 A 1'J_ AN i ]
dt =+d V/g.. 8¢ = +dv/fg..E¢
1) 1J
=+ 0 2!; dxk
x’
- %_azn: dxk E ] (34)
9X

Thus * (—J(aﬁnf/ax ) plays the role of ¢ in Eq. (32). It follows then that the
ordinary connert1ons -{; k} constructed from g1j are equal to the more genera]
connections er constructed according to Eq. (33) from §1. and O = ( )(alnf/ax ):

“;k = “;k ) (35)

This can also be seen by direct computation from Eq. (32) and

955 = T 955 (36)

We may interpret the change of metric from aij to Sij by Eq. (36) as a
change of scale for the length at every point of the Riemannian manifold by the
variable gauge factor f. This transformation is called a gauge transformation,
and ¢k is called a gauge vector field.

The generalized geometry thus separates the problem of measurement o¥ angles
from that‘of measurement of length. For instance, the angle between the two
vectors 51 and ni at a given point of the space is measured by the ratio

i .
13 ﬂi ) QUEH

el Hinll Llgyy £'60) (gy5 n'n)) e

This ratio does not change under the gauge transformation Eq. (36). The gauge
transformation is therefore an angle-preserving, or conformal, change of metric.
On the other hand, the length of vectors will change under Eq. (36) according to
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. (31). Thus the metric tensor ﬁ.j determines angles, while one needs also the

gauge vector ¢k to measure length.
Considering the sigma space, which is characterized by the tensor field g

and gauge vector ¢k The same argument as before shows that we may, without
changing the intrinsic geometric properties of vector fields, replace the geo-
metric quantities by use of a scalar field f as follows:

~ 1 inf A1 - A1
te ok Tik T Tk (37)

That is, in the new metric, vectors will have the same law of affine transplanta-

tion and the angle between different vectors at the same point of the manifold
will be preserved, but the local lengths of a vector will be changed according to

2= g2
Thus the general Weyl geometry of the sigma space admits also a conformal gauge
transformation.

2. Field Equations. With the foregoing, it is apparent that the sigma

manifold must have the more general Weyl geometry. Given the vector field ¢k in
Eq. (37) we can follow Weyl's interpretations and study the tensor field

Fi5 = %113 ™ %) o)

Weyl showed that from a study of this tensor field we are led to the variational

principle

sfR+FAFLFY oG -65 801 /5t x=0 (39)
where

¢; = VA 5i and F., = %y ?ij
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From this variational principle Weyl showed that Einstein's General Rela-
tivistic Theory and Maxwell's Electromagnetism may be obtained. The only remain-
ing question here is whether the fector field O which gives rise to the
non-vanishing tensor fieid F j° is required by the three fundamental laws adopted
by the Dynamic Theory or must be assumed to exist as Weyl did.

If we recail the statement of the first law

we find that even for an isolated system there exists the vector field F .
Indeed, in Section II.C.1 it was shown that this vector field is inevitable.
Further recall that the geometry given by the stability conditicns is based upon
the second partial derivatives of the system's energy function, U/, and does not
include the forces F. It seems only logical to suspect that there exists a
1ink between the vector field ¢i and the forces F o especially since the work
terms are path dependent and the nonvanishing of the curl components of b; is
equivalent to the statement that the potential function ¢ is path dependent.

The connection between the potential vector field b5 and the forces F
comes from Maxwell's electromagnetic theory where the forces F are the Lorentz
forces made up of the components s However, we shall not show the connection
here since any text on Weyl's theory, or electromagnetism, displays the connec-
tion. We shall, however, present it during the development of the more general
five-dimensional system. For the present though, if we adopt Weyl's interpreta-
tion plus taking the forces Fa to be the forces resuiting from the ¢1, we then
may see that the Dynamic Theory leads us, through Weyl's unified theory, to
Einstein's General Relativistic and Maxwell's Electromagnetic theories and
further, as special cases, the Special Relativistic Theory and Newtonian mech-

anics.

E. Mechanical Systems Near Equilibrium
We have shown how, for an isolated system subjected to cnly three spatial

forces, the Dynamic Theory includes Einstein"s relativistic and Maxwell's elec-
tromagnetic theories. However the approach has been abstract and does not
readily display the effect of the new point of view upon classical physical con-
cepts. It then seems beneficial to pause in the development and take a different
look at what the Dynamic Theory says about mechanics.
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1. Classical Mechanics. Classical mechanics describes the motion of a
system, which could be a particle, for which the energy of the system is a con-
stant. The equations of motion may be obtained using Hamilton's principle.

These equations of motion yield trajectories resulting from the action of forces;
they may also be obtained from the principle of least action. When the action
integral is treated as a variational problem with variable end points, the method
of Lagrangian multipliers yields the same equations as does Hamilton's principle.
However, if the variational problem jis transformed to a new space in which the
new variational problem has fixed end points, then the metric for this space is
displayed, and the equations of motion are geodesics in this space.

In classical mechanics the principle of least action as formulated by

Lagrange has the integral form

P

2
A=[ mv-ds . (40)

P

In curvilinear coordinates the integral assumes the form

P2 o t(pz)

- x> B x> dx®
A= mgq g dx [ m9.e ~qE a9t
P t(p,)
1 1
where 0,8 = 1, 2, 3.
Defining
_m dx® de
T =798 dt dt °

the integral becomes

t(pz)
A= [ 2Tdt
t(py)
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Then the principle of least action may be stated as:

0f all curves C' passing through P, and P in the neighborhood
of the trajectory C, which are tra%ersed at a rate such that,
for each C', for every value of t, T + V = F, that one for
which the action integral A is stationary is the trajectory
of the particle.

The transformation of variables may be carried out to display the metric

(ds)? = hadeade (41)

where
haB = 2m (eo - V) 9.8

Here different particles in the same field and with different energies € would
appear tc have different geometries, a situation which has been previously taken
to be impossible and therefore precluded the geometrization of dynamics (see page
6 of reference 1). However, in view of Weyl's generalization of geometry, treat-
ing the variational problem in the principle of least action as transformed to a
new space in which the variational problem has fixed end points, in effect, is a
transformation into a space with Weyl geometry where the gauge function is

2m (so -v) gaB. Thus changing the energies £q does not change the geometry
since it will still be a Weyl space.

Suppose now that the concepts of classical mechanics are compared with the
concepts from the point of view of the Dynamic Theory. The energy of the system
in classical mechanics is a constant of the motion and therefore the change in
kinetic energy is the negative of the change in potential energy, which may be

written as
dH =dT +dV =0

However, for classically conservative forces dH is a perfect differential.
Therefore for this system with only one work term the force is a function of
position only.
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This suggests the association of the classical energy of the system, H, with
the system energy, U, which is also a perfect differential. Now if the system is

isolated, or E-conservative, then

= df = dU - Fdq

But if dUV = d# = 0 then F must be zero. This points out an important difference
between classical physics and the Dynamic Theory. A classically conservative
system is one for which the system's energy is a constant of the motion. How-
ever, the E-conservative system, within the Dynamic Theory, is one for which

dE = 0. Thus an E-conservative system which is also conservative in the clas-
sical sense must have no forces 7 which may depend upon velocity as well as posi-
tion but may have forces which arise from - g%—- F and must be functions of posi-
tions only.

2. Relativistic Mechanics. Suppose we now turn our attention to the
mechanics of special relativity. In the special theory of relativity Einstein
sought to put Newtonian mechanics into a form which would leave the speed of
light invariant. The resulting dynamics exhibits the notion of a unique velocity
in a similar sense to the previously defined absolute velocity. The modification

required the motion to be such that

t
2 . e
[ (—D%9 4 psq) dt =0

where F is a force which is a function of position only.

The factor Ji - dz/cz displays the qualities required of the integrating
factor ¢(q). Therefore consider a modification of Hamilton's principle in terms
of the system energy U, the force F, and the integrating factor ¢. The modified
statement then would be that the motion be such that

t

j’( Fa)dt-o

1':1

It can be seen that if ¢(d) = 1, then F must be a function of only q and classi-
cal mechanics results. It will be shown that if ¢(q) = /1 - c}Z/c2 relativistic
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mechanics is obtained.
Now for an isentropic system

d;

_dE _,_du F
or
B B
dy F
[=5 =[5 dd
A9 af

This would be the classical work-energy theorem if ¢ = 1. For any ¢

v _ .-
at -
If the system energy U is taken to be the kinetic energy and defined as

3 mit (42)

Hi

U

then
mg = F ,

or Newton's second law.
This tends to indicate that a modification of Hamilton's principle would
apply to a system for which ds = 0. This modification would be to assume that

for an isentropic system the motion is given by the principle:

If a particle is at the point Py at the time t; and at the
point P? at the time t,, then t%e motion of the particle
a

takes pTace in such a way that
t t
2 2
sU F -
+ 8q) dt = & Ldt =0 ,
,{1 Gay * 33y 59 {1

55



where q = q(t) is the generalized coordinate of the particle
along the trajectory and q + 8q is the coordinate along a
varied path beginning at P1 at the time t

at time t2.

and ending at P2

The hypothesis of the fundamental lemma of calculus of variations is that L
be a real continuous function, therefore, the mixed second partial derivatives

of Z must be equal, or

3% _ 3%

3999 9999

Now
1 U - 1 oU
= Yy = + — +

T 5y a8 9t gty fog FFI 49
so that

oL _ 13U 5L _ 1 roU

& =2 8 2= 222y

5 - ¢ o "9 5t H
Then

This requires that

ar o'
5 " ¢ (aqg * F)

However, ds is a perfect differential so that

325 - 828

9goq  3G9q
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Since

_180 4o, 13U
ds ¢3qdq+¢(aq F) dq
and
2 2 '
1 230_ 1,080 20F ¢ (U _ g
¢ 3934 ¢ '9G3q 3§ ¢ ‘oq ?
or
OF _ _ ¢’ (3U _
we-LGe-n . (44)
In order that ds and dZ both be perfect differentials at the same time then
a—l,?:..-L. M_ =£ _3_[1-}
3 =" ¢ ag ") =G gt F)
Therefore
aUu
.—:O
q
and
oF _ 9"
3 67
or
13r _ o'
F oq ¢
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which is a function of q only. Then

¢ 8 ¢2
or
3 (Fy _
3 (5) = 0

which implies that

= F(q)

el

which is a function of g only, and

= ¢(3) F(q) (45)
Suppose that the momentum is defined as
2oL _ 13U (46)
p"aq d)a bl
and the mass is defined as
2
m = 27% . (47)
3q

Then

ds = p dg - F(q) dg ,

and
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dZz = p dq + F(q) dq

The equations of motion would be

A0 %eo o
or

®-L-ra

If m = constant, then p = mq/¢ and

dL=m%dd+F(q) dq
while

d.5'='—"%dd- F(q) dq

Then for ds = 0,

5= t(a)+ ¥(a) and I =1(d) - ¥(a) ,
where

F(q)=-%ﬂ

How then may ¢(q) be determined? The precedence set by thermodynamics is to
determine ¢(q) experimentally. Experiments with a charged particle in a magnetic
field, such as & mass spectrometer, show that

o(a) = A - §%% . (49)

59



In special relativity this factor comes from the metric of Minkowski's space-
time manifold. The Dynamic Theory gives us the same factor for systems which are
very near an equilibrijum state since for such a system the coefficients of the
metric become constants, which are the second partial derivatives of the system
energy function evaluated at the equilibrium state. Therefore the Dynamic
Theory produces Einstein's Special Theory of Relativity for an isolated system

very near an equilibrium state.
Notice that the integrating factor in Eq. (45) satisfies the requirements

for the integrating factor with ¢ as the absolute velocity.
If this integrating factor is substituted into the equations of motion, the

resulting equation is

[ 1] - F(q)

d
dt —

Then

and

° . - q
L(daQ) = L(dosqo) = .? ﬂgg—_*' I F(q) dq

=mc? A - dz/c2

g
- v(q) + v(qp)

9

If L(do,qo) = (0,») = 0, then

mcZ[1 - A - 4%/c? 1 - v(q) . (50)

£(q,q)
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With the exception of the additive term mc2 this is the form of the relativistic
Lagrangian when m is interpreted as the rest mass, and since additive constants
in the Lagrangian do not affect the equations of miotion, this Lagrangian yields
equations of motion consistent with the special theory of relativity.

The first integral of the equations of motion may be written as

d * oL d .
@ [L-aggl=glo-al=0,
therefore

L - gp = constant
Then define this constant of the motion, which may be called a "Hamiltonian," by
H=qp - L (51)
Since the Lagrangian is given by
L=[pdq - v(q) ,
the Hamiltonian becomes
H=3qp - [ pdq + v(q) = [ qdp + ¥(q)

Then the Hamiltonian equations of motion may be written as
d 97 _ -
_§_I11=_F(q)=__P_ s SE-g (52)

99 at > 3p

For the particular Lagrangian

L= mc2 [1-/1- dz/c2 1-v(q) ,
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the Hamiltonian is

pe—"  _nc? [1 -/ - §4/c%T + v(q)

A - 4%t

mc? (——L—— - 1) + ¥(q)
7. d2/c2

or
B=mc?(y - 1) + v(q) (53)
where

1

ﬁ _ dZ/CZ

Then defining E(q) - Eq = mcz(y - 1) implies that

Y

2

ot (he)? . (54)

E? = g

In the special theory of relativity the Hamiltonian, which is interpreted
as the energy of the system when m is the rest mass and ¢ is the speed of 1light,
has the same form as Eq. (53). However, in the Dynamic Theory the Hamiltonian
is not the energy of the system since it is the system energy ¥ and is here
given by U = %—mdz since-%g was taken to be zero.

Thus interrelationships between mechanical concepts of classical mechanics,
relativistic mechanics, and the Dynamic Theory may be displayed. This approach
does not show the rigorous development which could have been achieved by begin-
ning with the metric, restricting the system to be very near an equilibrium
state in order to obtain constant coefficients, and then applying the principle
of increasing mechanical entropy. Such a procedure only duplicates Einstein's
development of the special theory from Minkowski's space-time continuum and is
also presented in a generalized version later in this report. Therefore the

rigorous development will not be done here.
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Suppose we now return to the question of whether the force is really a func-
tion of position only or is also a function of velocity as taken to be the case
in the introduction. To view this consider the differential expression of the

first law
dE = dU - Fdq
But U = %-mdz and 7 = ¢F(q) = /1 - dz/c2 F(gq), so that

aF = mydé - /1 - ¢%/c? F(q) dq

If the first law is taken to be the "real” expression of conservation of energy,
as fis the case in the Dynamic Theory, then the "real force," 7, displays the
velocity dependence believed to be the case. On the cther hand the mass appear-
ing in the first law is the "rest" mass and does not depend upon the velocity.
However, the first law is a path dependent function anq.as such may not be
integrated until the path is known; therefore its utility is limited.

The second Taw provides a path independent function whose differential is

o
3]
It

given by
-4 _F
ds s 9 dq
or, since U = %—mdz, F=/1 - dz/cz F{q), and ¢ = V1 - éz/cz,

ds = ———"ﬂn dg - F(q) dgq
- q9/c

In this differential we see the appearance of the relativistic, or "effective,"
mass and an "effective" force which is a function of position only. Thus it is
obvious that we cannot interchangeably use the concept of rest mass and velocity
dependent forces as compared to relativistic mass end velocity independent
forces. This is because, in the Dynamic Theory, there are two differential
expressions which may not be used interchangeably since one is the resuit of the
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first fundamental law and is not an exact differential while the other comes as

the result of the second fundamental law and is exact.

3. Non-Isolated System. Thus far we have consistently required the system
to be isolated. Obviously there are a large number of physical phenomena for
which this restriction may not be used, even as an approximation. Therefcre,
relaxation of this restriction should provide description of a large and impor-

tant class of systems.
One of the benefits of the Dynamic Theory is the capability of using proce-

dures currently used in one branch of physics in another where prior to the
unification displayed here would have been thought impossible. A system in which
this procedure shouid produce significant results is a nonequilibrium thermo-
dynamic system. Thermodynamics tells us that we must minimize the free energy,
but the ability to use this as a variational principle to obtain equations of
motion is a procedure which the Dynamic Theory now makes possible for this
thermodynamic system.

This research has not yet considered nonisolated systems though some dis-
cussion of this class of systems is contained in reference (9); they remain a
possible subject for future research.

F. Quantum Effects
Before displaying the quantum effects of the Dynamic Theory it seems impor-

tant to briefly discuss philosophy with regard to current quantum theory. The
quantum theoretical structure has swept aside virtually every attack upon it.
Indeed its successes have mounted so rapidly and stand so firmly that to express
disagreement is taken as sacrilegious. Yet it seems difficult to subscribe to
all the teachings of current quantum physics. However, this skepticism concerns
only the implication that Heisenberg's uncertainty principle applies to all

physical phenomena.
On the other hand it does not seem possible either to embrace completely

Einstein's celebrated quote "God does not play with dice.” Rather, it should be
modified to read "God does not play with dice all the time." Should not quantum
effects depend upon the constraints placed upon a given system? This is akin to
a vibrating string that is anchored at both ends and vibrates, ideally, in cer-
tain allowed modes or a string that vibrates at one end with the other end free.
How then can the 1imits of applicability of the uncertainty principle be
obtained if indeed there are any limits to be placed upon it? Suppose we
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consider the Poisson brackets, which are fundamental in classical mechanics, and
form the 1ink between classical physics and quantum physics through the corre-
spondence principle.

The classical Poisson brackets represent the Euler equations resulting
from a variational problem minimizing a functional subject to a constraint.
Therefore consider the definition, in tensor formalism,

of 39 of g
ax’ 95 9Py 4yl

[f.g] =

where the canonical momenta ﬁi is defined in the classical fashion. Let f = xi
and g = H, where H is the Hamiltonian, then

i . x) oH ax? oM
[xLH] = == 55~ - 557 5
9X i i 9x
_ o, o %y
%, ' 9, dt °

since the equations of motion yield

. i - dp. .
-1 dx’ oH . i oH
X = == === and -p. = - —p = —%
dt Bpi i dt x|
Therefore

~

if xJ is independent of the pi's so that

ax?

==

3P,

Consider



[F:.H] = — = - ===
J 8X1 Bp] api ox’
of. . dp.
= —E4-21 + 6, Py
ax ] ij dt
&,
Then [p. .H] = —a%- (56)

. 3p.
if 5j is independent of the x''s so that ——e% = 0.
X

.

Thus if the 51'5 and the x''s are independent, then Egs. (55) and (56) are the

Poisson bracket equations of motion.
Now consider the fundamental Poisson brackets

i J 5 i
[X o X ] s [pi’pj] » and [X spj]

First

which is

. s j ]
[XT,XJ] 2X X

|

. . J i
or [x],xJ] = 0 if (1) the x''s are independent of the 5i's or (2) if %%_.= %%%_'
i J
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The next fundamental bracket is

L axK aﬁk Bﬁk ax
; aﬁi ap -
or [p..p.] = 0 if (1) the P,'s are independent of the x 's or (2) if — = — .
i*73 i BXJ 8X1

The third bracket is

ox apj ax . apj

[x'.p,] = 2% .
J axk apk arjk Bxk
i .p.
9x_37J
Sik8ik ™ 3B ok
i P,
Tpi=¢,, - 33J
or [x',p ] = &, Py ok
Then
i~q_
[X ’pJ] - G'IJ

if the 51'5 and x''s are independent.
Thus it can be seen that if the coordinates and canonical momenta are
independent, then the classical Poisson brackets are given by

[xi,xj] =0 ,

[pi,pj] =0 , and

[xi,ﬁj] =5, . (57)

Indeed this is the condition used in developing the Lagrange and Poisson brack-
ets. However, the tensor formalism may be used to jnvestigate the requirements
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placed upon the metric coefficients for this condition of independence of momenta

and coordinates to hold.

~

3P op.
Consider [x ,p 1 if the condition 5—3-- 5—%-ho]ds. For this condition
X X
. i op., i 3p
[x'.p.] =6,. - %%—-——%-= §.: - %%—-——5
J R R
i
_ L
S5 =3 %5 7 %3
or
i~q
[x ,pj] 0
351 op - ; .
Therefore if ——3-= ——% , then x' commutes with pj. What conditions must the
ax ax

gij's in the metric for the space satisfy in order to achieve this condition?
The canonical momenta are given by

p; = mg &),
where in general the g 's are functions of the x 's. Hence the condition
required for the momenta to be independent of the coordinates is that the gij'S
be constants. For this condition to be met it is necessary and sufficient for
the Rijemann curvature tensor formed from the gij's to be identically zero. This
requires that the Gaussian and Einstein curvatures to be zero also since the

Riemann tensor is

d ? A A
— — {0} {,3}
e 3,0 By BS

R =
B0 = | Iey,0) [86,0] | T | [orA] [08,0]
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the Einstein curvature is

R=g =g q

E]

Hvp Aa Hvp
Hv Advo,

and the Gaussian curvature is
=1
K = 5 R

The vanishing of the curvature is necessary and sufficient for the existence
of a transformation to a coordinate system where the metric coefficients are con-
stants and therefore guarantees that the canonical transformation in classical
mechanics can be made. Then the conditions for

[x.,ﬁj] =

is the vanishing of the space curvature,

The equation R.. = pgij is Einstein's gravitational equation at points where
matter is present. Therefore, when the Riemann curvature tensor vanishes, the
rectilinear geodesics of the manifolds corresponds to the trajectories of parti-
cles in the absence of a gravitational field. Consequently, if the manifold

with the quadratic form
2 _ i,
(ds)® = gijdx dx

is to account for nonrectilinear trajectories, the Riemann curvature tensor must
not vanish. Then the 51 and the x' will not be independent and the fundamental

Poisson brackets cannot be written as given by Eq. (57). 5.
5 In particular, the existence of a function p in R 1] gij such that-%j%
5—4- is possible and in that event [x ,p ] = 0. Now the quantum Poisson
b%ackets are required, through the correspondence principle, to correspond to the
classical Poisson brackets. Obviously in the event of a curved space it is pos-
sible that the xi's and 5i's commute thus removing support for the applicability
of Heisenberg's uncertainty principle. This, of course, cannot be taken as proof
that the uncertainty principle is applicable only in Euclidean spaces since the
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correspondence principle is a correspondence only. However, it does represent a
possible 1imit of applicability which we shall see again from a different point
of view,

In 1927 F. London derived quantum principles from Weyl's gecmetry. However,
the results of his work made it difficult to define length as a real number and
because of this Weyl later interpreted the mathematical formalism of his unified
theory as connected with transplanting a state vector of a gquantum-theoretical
system.

Suppose that we consider an isolated, or E-conservative, system so that dF :
0. Then, because of the second law qu > 0 which is the principle of increasing
mechanical entropy. Then certainly (dqo) > 0 and also, since

(da°)? = f (do)?

then

f(do)? >

v
o

However, if f < 0, then (do)2 < 0 since it is the product that must remain

greater than, or equal to, zero. In this case

do® = /F /(do)?

But
_ k
d(do) = ¢kdx (do)

and

d(do) _ k
G = e
which implies that the element of arc (do) is given by

i) ¢kdxk
(dg) = (do)0 e s
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where (do)0 is some initial viaue of the element of arc.
Now suppose &n equilibrium, or reversible, state is desired so that dq = 0.

Thus the desired condition is a null trajectory of the (dqo)2 manifold. Then, if
f # 0, the desired condition is also a null trajectory of the (do)2 manifold.
This implies that

d(do) =
or

(do) = (do)y
so that

i ¢kdxk
e =1 ,

which is satisfied only if

K< 2nin

[ ¢ dx
where n is an integer. This is the quantum condition London introduced.

To illustrate how this condition arises from the dynamic approach, suppose
a description of a hydrogen atom is desired. A hydrogen atom is in a stable
condition and, if isolated, satisfies the conditions d& = 0 and dq0 = (. These
conditions afong with f # 0 establish the quantization of the integral f ¢kdxk.

To show how the Dynamic Theory removes from London's work the difficulty of
defining length as a real number, consider an elementary presentation of
London's. Suppose the field of a proton to be given by

1
e = .3
b =% 3 ¢;,205 170

Equality of forces for the simple case of circular motion requires that
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I'ﬂV2 62

r r2

Thus the period is given by T = E%E and the velocity by

<
(]
§]|m
3

Now
i ¢kdxk = f 9gcdt = ¢ocT = 2min ,

so that

1
2T - olezn /M < 2rin

Solving for the radius shows that the allowed radii are

where h is Planck's constant, then the possible radii become

nzh2

r= .
4n2e2m

which are the Bohr radii.

72



The imaginary al presented the difficulty, in London's work, of defining
length as a real number. In the dynamic approach real distance, or length, may
be defined, and properly should be, in the (qu) manifold. Recalling that the
definition of the potentials is

1
inf
b, =t —p—
k axk
1t may easily be seen that if f < 0, then O becomes imaginary as does the length
of arc in the (do)2 manifold since the length of arc is given by

o= /(do)2

However, the arc length in the (dq
second law.

It should be noted that the conditions for quantization are not restricted
tode =0, dq0 =0, and f < 0 as used here. Any set of conditions which results
in the final element of arc (do) being equal to the initial element of arc (do)0
results in quantum conditions. It is particularly significant to note that the
quantization involves only forces which may be described in terms of the "dis-
tance curvatuve" and does not involve forces describable by a vector curvature.
Thus interpreting the gauge potentials ¢k to be electromagnetic potentials pro-
vides quantum effects for electromagnetic forces. Interpreting the forces
describable by the vector curvature to be gravitational removes the possibility
of achieving quantum effects involving gravitational forces alone.

Here, again, is a distinction between curved and Euclidean manifolds,
though here it appears slightly different. The Dynamic Theory requires a quanti-
zation. However, this quantization uepends upon the existence of a gauge func-
tion and appropriate restrictive conditions. Thus a curved space may exhibit
quantum effects but only if the curvature is accompanied by a gauge function or

0)2 manifold is real since dq0 > 0 by the

a distance curvature.
Thus the Dynamic Theory, through London's quantization, not only supports

the contention that "God does not play with dice all the time" but, further, may
supply the answers to two questions concerning quantum physics. The first
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question is, "What is waving in the wave function?" London showed that the wave
function is directly related to the element of the arc length in the sigma mani-
fold. Therefore the "waving” is the tendency of this element of arc length to
increase and decrease around a closed path. Using the calculus of complex varia-
bles, the quantum number becomes the order, or multiplicity of the zero of (do).

The second question is how gravitational effects mav be quantized? Here
the answer becomes, "It can not." If we assume the validity of Einstein's
General Theory of Relativity, which is included within the scope of the Dynamic
Theory, in equating gravitational effects with the curvature of the space-time
manifold, then gravitational effects alone may not be quantized. However,
electromagnetic effects within a gravitational field may still be guantized.
However, the quantization will be affected by the vector curvature.

G.  Summary
When this investigation was initiated, it was concluded that Einstein's

postulate of the constancy of the velocity of 1light could not be adopted since it
was felt that experimental evidence in electromagnetism alone did not justify
applying it as a limiting velocity to all types of forces. However, we find that
this is required by the Dynamic Theory which approaches physical phenomena from
a different way. The new viewpoint indeed supports Einstein's every contention
including his uneasiness concerning quantization and it does it in such a way
that it seems only the early successes of his theories kept Einstein himself from
coming to the same realization.

This js, of course, speculation, but it was Einstein who returned to very
fundamental concepts in order to establish a basis for his relativity theory.
He was also known to be aware of the tremendous strength of classical thermo-
dynamics since he wrote, "A theory is the more impressive the greater the sim-
plicity of its premises are, the more different kinds of things it relates, and
the more extended is its area of applicability. Therefore the deep impression
that classical thermodynamics made upon me. It is the only physical theory of
universal content concerning which I am convinced that, within the framework of
applicability of its basic concepts, it will never be overthrown." Thus it seems
only the fact that Caratheodory's statement of the second law, which is the key
to the development of the Dynamic Theory, did not make its appearance before the
relativistic theory had achieved such stupendous successes kept Einstein from
eventually investigating its possible extended application.
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The key points in the development of the Dynamic Theory seem to be the
recognition of the generality of the thermodynamic laws and their independence
upon the number or type of variables considered and the recognition that the
quadratic forms associated with the stability conditions form natural metrics
leading to a geometrical description of the dynamics of the system independent
of the variables used in the description.

There are numerous conclusions and implications that could be reiterated
here; however, only a few of the seemingly more significant ones will be dis-
cussed. The first one is the existence of an integrating factor for any system
describable by the first law, particularly an integrating factor independent of
the type of force considered. It is this fact which ultimately Teads to a unique
1imiting velocity for all forces. However, in speaking of the absolute velocity
for mechanical systems, care must be taken to point out that, as far as the three
laws are concerned, it does not represent an absolute barrier. Rather the laws
only state that, for a mechanical system with only three work terms representing
the work done by three spatial forces the absolute velocity represents an upper
and Tower Timit. Thus solutions with velocities greater than the speed of Tight
are also allowed. However, so long as the system is subjected to only these
three forces, then its velocity may never cross this barrier. This absolute bar-
rier effect may be expected to change if another force term representing an
additional dimension is found necessary.

The reduction in the number of fundamental laws or postulates is signifi-
cant. This together with the unifying effect of the three laws promises to
simplify the study of physical phenumena by founding the entire realm of physics
upon a common set of conceptualizations.

Perhaps the best way to summarize the unifying effect of the Dynamic Theory
is to consider a Venn diagram that depicts not only the overall realm of applica-
bility of the theorem, but indicates also the effects of different restrictions.
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Classical ymasic Theory
Thermodynamics

E-Conservative

(d==0) e

“ ma.
.........

..........

Maxwell's

Einstein's Electromagnetism
General Theory

Quantum Effects

III. FIVE-DIMENSIONAL SYSTEMS
During the preceding development displaying the unifying effect of the
Dynamic Theory, there did not appear to be anything that approached a description

of nuclear effects. Of course quantum theorists may respond that the nuclear

effects lie within the realm of quantum theory. This, however, does not seem to

be a strong argument since current nuclear theory appears to depend upon a number
of ad hoc postulates.

If it is supposed that nuclear theory cannot be extracted from some aspect
of the preceding four-dimensional world view, then how might the Dynamic Theory
produce a foundation for nuclear theory? At this point there may appear to be

no obvious way. Therefore let us proceed on a different tack.
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Thus far we have constantly adhered to the policy of dividing systems into
two types: thermodynamic systems with only a work term of the p dV type and
mechanical systems with three mechanical, or spatial, work terms. Now the gen-
erality of the adopted laws places no restrictions upon the number or type of
variables used. Particularly there is no restriction coming from the laws them-
selves which says we cannot use four work terms, one the thermodynamic p dV term
and three mechanical F dq terms. Obviously p dV itself is just another 7 dg
type term with the pressure as the generalized force and the volume as the gen-
eralized displacement.

The rub comes in attempting to visualize a world description in five dimen-
sions. Many arguments may be envisioned which tend to imply only a four-
dimensional manifold is needed. The kinetic theory of gases relates the pressure
to the average velocities of the particies contained. Does that not imply that
thermodynamics ultimately rests on a four-dimensional manifoid? Recall that the
system in the kinetic theory is basically in equilibrium.

Statistical thermodynamists may claim that thermodynamics is basically sta-
tistical in nature and is fundamentally tied to order and disorder and hence to
the four-dimensional world of quantum theory. But remember that the overall
system, to which the statistical approach is applicable, is a composite system
made up of many subsystems each in an equilibrium state.

Stil1l there seems to be no substantial support for a five-dimensional wof]d
from the point of view of current theories. This is to be expected though in
view of the difficulties experienced in the transition from the classical three-
dimensional world to the four-dimensional space-time of Einstein's theories.
Obviously had the extension of the universe been restricted on a priori grounds
to three-dimensional Euclidean space, Einstein's theory would have been rejected
on first principles. On the other hand as soon as we recognize that the funda-
mental continuum of the universe and its geometry cannot be posted a priori and
can only be disclosed to us from place to place by experiment and measurement, a
vast number of possibilities are thrown open. Among these the four-dimensional
space-time of relativity, with its varying degrees of non-Euclideanism, has found
a place. So also may the five-dimensional view of the Dynamic Theory be found
within the possibilities. Ultimate judgment upon its necessity, or applicabil-
ity, should rest upon a comparison of the theory's predictijons with reality.
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A. Systems Near an Equilibrium State
The metric coefficients are made up of the second partial derivatives of the

system energy function and therefore if the system remains near an equilibrium
state, then the value of these derivatives evaluated at the equilibrium state may
be used as a first approximation for the metric coefficients. In this case the
geometry wiil be Euclidean and, from the preceding four-dimensional development,
the Euclidean manifold produced by applying the E-conservative restriction was
Minkowski's space-time continuum of special relativity.

Therefore suppose we begin an investigation of the five-dimensional world
by staying very near an equilibrium state so as to simplify the description to a
five-dimensional gerneralizaticn of Minkowski's space-time manifold.

1. Equations of Motion. Suppose that we consider some sort of system
requiring four work terms and for the moment not concern ourselves as to exactly
what this system might be. Thus for our system we will have thermodynamic as
well as mechanical variables and the first law becomes

dE = dij + Pdy - Fa dg® ; a=1,2,3

Where the E, U, v and ?a are considered as specific quantities. That is, these
quantities are related to a unit of mass such as is customary in thermodynamics.

The specific volume is the reciprocal of the mass density 7v; using the mass
density instead of the specific volume the first Taw becomes

@ = di - (P/P)dy - F dq® 5 0= 1,2, 3
This law now requires that the system's specific energy U be a function of five

independent varijables so that

2

U= (3, ', a% o3, v)

Thus the first law requires a five-dimensional manifold of specific entropy,
space, and mass density for a general system. Since the system under cons<idera-
tion needs both thermodynamic and mechanical variables, we can no longer refer
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to the entropy as mechanical or thermodynamic; however, the 1imiting case where
the mass is held fixed must produce the mechanical entropy.

The procedure established by the Dynamic Theory is to take the stability
condition quadratic form as the metric for a stable system. Thus the coeffi-
cients of the metric become the second partial derivatives of the energy func-
tion. In order to simplify the metric, suppose for the present that we restrict
our system to be very near an equilibrium state so that we may consider the
second partial derivatives to be constants. This is in essence considering a
local Euclidean manifold; the symmetry of the geometric connections guarantees
that we may do this.

Since the metric coefficients are constants, a transformation may be found
such that the cross terms are zero. Then in this coordinate system and when

q0 = fg- and q4 = 51 .
‘0 0
the metric becomes
c2(dt)e = (dgh)? + dg®dg® + (dg})? witha =1, 2, 3 . (58)

If we again consider the restriction dZ = 0 so that we are talking of an
E-conservative system for which the principle of increasing entropy hoids, then

we have the variational principle given by

§ J /{&E}E =0 . (59)
Solving Eq. (58) for dq0 and squaring we get
(dq%)2 = cP(dt)? - dq®dq®™ - (do*)? (60)
or
a2 2 dg® ,do®
(L) =c-go8 (P (T s as =1,2,3,4
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goB = GaB .

The entropy manifold given by Eq. (60) is a five-dimensional Minkowski-type
manifold with coordinates of space-time-mass. We may therefore follow the pro-
cedure Minkowski and Einstein used in the Special Theory of Relativity.

First, to avoid confusion, let us rename the coordinates as

xO = ct ; x1 = q1 , x2 = q2 , x3 = q3 , and x4 = q4

Then define the five-dimensional velocity vector as

and define the five-dimensional acceleration vector as

_(S_U_]_Edzx]_'_{'i}g(_%i)&
0 02 1k qu qu

f-i

11

8q dq
Now the specific entropy is the arc length and the variational principle is

based upon the entropy. Therefore if we multiply the specific entropy by the
mass density, we have the entropy dencity. The variaticnal problem becomes

s [ AP =6 [y AdD)2 =0 . (61)

The Euler equations for this problem are

39, . .
Y gk-uj — Y‘"%k' u'u?
d0 2 j ; 3 ag Giju1“J o3 -0
dq ./g]..u]uJ ox giju]uJ

or
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Using the fact that gijujuJ = 1, the Euler equations become

(62)

"
1
-

. 9y 44,49
yf 773U 94U =

where the F! are force densities.
Obviously if we hold the mass density fixed, u4 = 0, then the volume inte-
gral of this equation becomes the force-mass-acceleration relationship of special

relativity. ;
Now since f' = O and ( ) wR®; a=1,2,3,4 ,
8q
then
Flsy su’ su' dt
éqo St qu

i
X S (dxo) where v2 =y*™® , a=1,2, 3,4

_& s
c2 _ v2 dq
Then
(o - __x___5<___1_ gﬁ)
6t dt
c2 - v2 /cz - v2
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where B = v/c with v the four-dimensiona; speed.
The force density equation may now be written as

2 ooy 8f 1 &
1-8 F‘czat( dt)

Consider

_cs[ Y 92&‘]=_6(Y)[ 1 ﬁ]+ﬁ[__1_iﬁ].
S5t —s dt 6t dt §t —s dt 2
A - g A - g A - 82

but-éiﬂ = a0v4, so that the force density equations may now be written as

4
4 B2 e 1.8 Y dx® | g4 1 dx*
C2 St 5 at C2 5 dt | °
vl - B /1 -8

We may define y/(/{ - BZ) = Yl as the effective mass density or "relativ-
istic" mass density; then

4 o
A- g 18 [Y1 dx* | %YV

1
E? st dt czyf—:_EE

by defining F* = /1 -8° (FY) so that

4 o

o 6[1dx*] 2vV
F ——G—E[Y dt]_ - . (63)
1 -8

We see that this force density becomes Einstein's special relativistic force
density when v4 = 0, or for constant "rest mass." Thus the equations of motion,
Eq. (63), reduce to Einstein's special relativistic equations of motion when ¥=0.
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2. Energy Equation. Now for our system the restriction that

dF =0 =dU - -%’ay -F A, a=1,2,3 ,
Y

requires that

di = —g-dy + 7 <% , a=1,2,3 ,
Y

or if —%-15 considered as another generalized force density, then

dv=F dx* ,a =1, 2,3, 4

Thus by integrating the expression for the system's specific energy change,
we should arrive at the Einstein energy equation if we hold 04 = 0. Therefore
we shall perform the integration using the force densities given by Eq. (63) to

get the system's energy, or

p p o a U4UOL
Y ~ — d dx 0
Uu-U, = I{ F dXOL = I 3 E-t— [ Y - ] - } an

o} Po
o du®
U Tat

JRICIFee = F

1-8 1-8

. 6]
But ¢2g% = uu® and c2gp = u® Q%E ; therefore,

e PRGN

to 1-8
= 2 IB y pdB
By (1- 8%)3/2
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Now B depends upon u® and not upon x4 or v; therefore

-5y - v
(1 - 82)1/2
or
- c2
U= — X __ 4 constant
2
(1 2)1/

If the internal energy is considered as the system's energy when the spatial
velocities u%; o = 1, 2, 3 are taken as zero, then the internal energy density

given by

- 2
U= —Yc 4 constant

At the equilibrium condition where u4 is also zero the internal energy density is
then

~

U= ycz + constant

By taking the constant of integration to be zero, this internal energy density
then corresponds to Einstein's "rest energy" where here the "rest energy" is in

terms of a four-dimensional "at rest" state.
If we make the usual approximation of allowing B

energy density is approximately given by

2 « 1, then the system's

R R N

U'Yc 2 2
(a,)?
0

where here u4 = Ei is used. This displays the classical 1imit system energy
density for an E—gonservative system very near equilibrium.
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B. Systems With Non-Euclidean Manifold
Suppose now we relax the assumption that the system is very near an equili-

brium point so that the second partial derivatives are no longer constants but
are functions. This is essentially the same transition as Einstein made going
from his special to general theory; however, the Togic of the transition is much
simpler here. The only change in the logic appears in the relaxation of the
assumption of nearness. There is, of course, a drastic increase in mathematical

difficulty since the metric components are no Tonger constants.

1. General Variational Principle. We shall consider a system, which may
be a charged plasma, that must be described by both thermodynamic and mechanical
variables. When written in terms of the mass density, the first law for this

system may be written as

dE'=d5-—~g-dy-z7’qdqa,u=1, 2.3 ,

Y

where the tilde denotes specific quantities.

Following the prescribed procedures of the Dynamic Theory we shail take the
stability condition quadratic form as the metric for our system. Thus the metric
coefficients will be given by the second partial derivatives

2
. ?U.,i,j=0,1,2,3,4,
J 3q an
where q4 = 51 . The metric may then be written as
0
2 2 0,2 0
¢“(dt)” = hOO(dq -+ 2h0adq dq® + haquaqu s

where o,8 = 1, 2, 3, 4.
Imposing the restriction that the system be E-conservative, d& = 0, results

in the principle of increasing entropy, so that
af/(ds)2=o .
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Thus in terms of the specific entropy the variational principle may be written as
s [ /vdg®)? =6 [ v Adq®)? = 0
Solving the metric given by Eq. (61) and squaring yields the expression

(d9%)° {hl 73 c?(d)? + 2ng [*] dt da® - hyg da%b®)  aue = 1,2, 3, 4,

with
Y2
*:EO—Y’Y+ ® My oy s (hy,a")
[3—h a9 *¥n “h q'q + 5
00 00 00 (hOO)

This metric in a five-dimensional manifold of space-time-mass may be rewritten as

(dg <ﬁ) (do)?

where

(dg®)? = i dxidxd , i,5=0,1, 2,3, 4 ,

and
(do)? = q,. dxldxd , 0,1,2,3,4 ,
with xO Z Ci, x1 = ql, x2 = q2, x3 = q3, and x4 = y/ao. Thus we may write
(dg?)? = e dxiaxd = () (d0)? = (%) g, dax'axd . (64)
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Having established the metrics in Eq. (64) in the manner prescribed by the
Dynamic Theory, the geometry must be Weyl geometry; defining the potential five-

vector as

172
9, =+ ANE_ (65)
X

and the field tensor as

Fis = %,5 7 %, (66)
then we may follow Weyl's procedure in his unified field theory to arrive at the

variational principle

s [IR+ZAF G- Mz - 12$:8)] /=g dx’> =0 , (67)

where F /_ F. j and ¢ /_ A -
Vary1ng the metr1c coeff1c1ents g ij in the variational principle (67) will

yield field equations of the Dynamic Theory which are extensions of Einstein's
General Theory of Relativity.

2. Gauge Function Field Equations. In order to isolate the field equa-
tions resulting from a gauge function from the field equations produced by a
vector curvature, let us consider a local Euclidean manifold for (do)“.

Now the field tensor given by Eq. (66) has 25 components. We would like to
deterrine the field equations for these components. The quickest, though not the
only, way is to consider the five dimensions to he

x0 =jct; x%=x*, a=1,2,3,4

The field tensor is then defined to be
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Using Bianchi's identities
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3 Fyg
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and the various combinations of the indices 0, 1, 2, 3, 4 we obtain the field
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Equations (68) and (70) form a set of seven Maxwell-type equations which
obviously reduce to Maxwell's four equations if the mass density is held fixed.
The wave equations for the new field quantities may be derived using stan-

dard assumptions.

2 ‘ 2
T L N SR
5t c 442 ¢ dt EC 52
and
_ lg, Ve, v.E _ 1.V, c.5
Therefore,

For the vector field we have:

= oV
- = vV _ < /4n
V-V oo =~V (9

and

= T % .1 3=y .
x (VxV)+VV+ TR Vo

<

therefore




But V » E = 4mp - ag 5y so that

2
0 2 atz C2 ot 0 3y 0 ot
13E _ 415 _ oV
arnd V x B - T3 " o J ay 7y > SO that
V- —A-QEY Gy va, 24T 40 3E 4 o
2 512 c 47 %%y ¢ at 0 3y

V"A - —5—~—5=-—11J
2 5t? ¢
and
2, 1%
Vd)-—é' 2="47Tp
¢ ot

We may differentiate these with respect to the mass density and substitute them

into our wave equations and get

N

1 93
V7 V4 - [
0 CZ Btz 0

90
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and

= .ag _.-_' - —
where Vb = VO + a 5y and 7 = ¥ ag 5y

3. Interpretation of the Current Densities. For our system the conserva-

tion of charge becomes

ad.

—1=0, 9=0,1,2,3,4 ,
1
3
so that
3J
P,v. 7 4 _
set Vs 0+ ag Ty o . (72)

Thus we see that defining the current densities by Eg. (69) leads us to consider
the naw component of current density J4 which alters the conservation of charge
equation, Eq. (72).

Since Eq. (69) defining the current densities involves an interpretation
1inking these equations to reality there seems to be no a priori reason for this
defining relationship. Defining the current density in this manner introduces
also the necessity of interpreting the new term J4, which in turn requires chang-
ing our concept of conservation of charge to that of Eq. (72). Wnile the exten-
sion to five dimensions may well require changing our concept of conservation of
charge, just as the step from three to four dimensions required a change in the
conservation of mass, it should be possible to appeal to experimentation to
determine this requirement.

Suppose we Took at the defining relations

i - . (73)
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Then Eq. (68) becomes

aV - —
— 0 g.p.LrE._, &
vVeE=- i) oy ° Vx8 ¢ ot 3 dy °
and
oV
s w.1l 0 _
V.V+E-—3€_0 ’ (74)

so that we may define the charge density as

a, aVO

0= - T oy (75)
and the current density as
anC 7
- - 0~ oV
Jz'_ﬁ?ﬁ (76)
Substituting Eqs. (75) and (76) into the remaining Eq. (74), we obtain
V.T+-9 , (77)

which is the classical conservation of charge equation.

Thus if we use the defining Eq. (69), we are faced with interpreting the new
term J4, which has its origin in the thermodynamic variables of our system. If,
however, we choose the defining relations (73), (75), and (76), we may keep our
concept of conservation of charge but this requires us, by Egs. (75) and (76) to
consider current densities to have their origin in the thermodynamics of our

system.

4. Additional Developments of the Five-Dimensional Field

a. Energy-Momentum Tensor
If we follow the approach of relativistic electrodynamics, we may define the
tensor {T} in terms of the field tensor {F} according to
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| 1 ;
Tjk = (Z?) [FjZFQk * z'aijstht

Recall that the five-dimensional field tensor is given by

i gy ik, ikEg i Vo
0 B3 -Bz Vl
-B3 0 B1 V2
82 -B1 0 V3
-V, v, ~Vq 0

Using the field tensor to calculate the components of the energy-momentum
tensor we find that the components are given by

T

o = _
0c = Fr [(E x B)a + vova] , a=1,2,3 ,

1 2 2 2 2

=_JF
T04 = EE'[E * v] )

=1 T = _
T4a - 41 [voEa + (v X B)GJ s Q= l, 2, 3 »
=1 ry2 2 2 2
Tag = gr [V +B° - E7 - VT,
and
=1 1 2 .02 .42 2
TaB = I {EaEB + BaBB - VaVB - 5 SaB [E€ +B° + Vg - V 13,

where a,g = 1, 2, 3.
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The field energy density may be defined by
_ 1l F TR TV .V 2
g:%[E'E"’B'B"’V'V"'vo] s
and the electrical Poynting vector may be defined by

S

I

E%-(E'x B) .

Now the electrical Poynting vector represents the outward flow of the elec-~
tromagnetic field energy through a surface. Thus if we take the total vector,
whose components are TOa’ to be the total flow of energy, then the vector with
components E% vova must be the outward flow of energy due to changes of the
mass density within the surface. Therefore let us designate the mass energy

vecter as

C f—
m Eﬁ'(VOV) >

U
1

so that the total energy vector is

whose components are
S = S[(ExB) +VVl=-(5T
o A4r o 0o i’ 0o

The Dynamic stress tensor may be defined as the three-dimensional tensor

whose elements are

D

2
Tog 8,0 € - V11 .

LU

<1 -
= 4“ {EQEB + BQB; - VQVB
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The Maxwell stress tensor is defined in electrodyramics as the three-dimensional
tensor with elements

M

TaB =

I

1 2 2-
{EaEB * Bo:.BB -2 60&6 [E" + B71}

H

m

Thus, in terms of the Maxwell stress tensor, the Dynamic stress tensor may be

written as

O V2 - vo1)

1 1
oB aB-zﬁ?{vav -56

B

Then in terms of the above defined quantities

1% R
g -2S 7w (E- V)
mef -1s (1’ = [VgE + (V x B)]
o (E - T) 2 [V,E + (Vx B)] o Ve + B2 - €% - V2]

Suppose we calculate the trace of the energy-momentum tensor:

. oD 12,52 g2 g2
toT} = To5 = Tis + £+ g0 [Vg + 8% - E° - V]

1 p2 , y2q , 0
7m [BS + Vg1 + T

. 1 rp2 2 1 2 2 2 3,2 2 2 2

= gy [BS + Vgl + g [E° + B - V& - 5 (E° + B® + V5 - V)]
SLLRERERT

= g (82 + V2 - E2 - v

95



b. Force Density Vector
The force density vector may be defined in terms of the divergence of the

energy-momentum tensor. Therefore suppose we calculate the five-dimensional
divergence of the tensor {T}, or

_ 1.3 1
oK T K [F50F ok * 7 S5kFatFst]

Because of the antisymmetry of ij, the first term may be written as

oF oF oF . oF
axk . axz . 2 X axz %

Using the Bianchi identity

oF . ofF, - oF
Ja kJj 2k _
it Tt = {

ax ax axJ

the terms contained within the parentheses may be written as

_BF‘Q‘F =_.];—3£2.‘_k_-F =-l.3.(£g£f.&kl
Bxk 2k 2 axd 2k 4 ax |

Substituting this back into the expression for the divergence, the last term
will be cancelled because %, k, &, and t are dummy indices. Then the divergencs }

becomes ;
31.1;5 1 Fa
ok 138K
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By interchanging the indices k and £ on the right-hand side we obtain

oT .
k. 1p T
axk A3k o8

The Dynamic force density five-vector may now be defined as
K= D1v5 {T}
Therefore the components of K are given by

K =—1F Ef_k_ﬂ'-
j  4m " jk 35X

But the five-vector current density is given by

g _ An
ax® c K

Thus the components of the five-vector force density become

D 41 =1
Ky =2 Frg 2 9 = ¢ Fi;

Now, since 3k = (icp, J, J4), then

—l—o—

J
= oE+L(TxB) + 27
=p[E+Z(uxB)+—2V ,

and

g =N -

K

(78)

97



where J = pu. These then are the components of the force density five-vector
resulting from a gauge field in the Dynamic Theory. These components reduce to

the four components of the Lorentz force density should V0 =V =0.

With the interpretation that the four force density components with sub-
script 1 through 4 are the force density vectors which appear in the first law
as F» then the force density vector provides the connection between the first
Taw and the geometry of the sigma manifold discussed in section 11.D.2. Thus the
existence of the vector field b is also demanded by the Dynamic Theory and need

not exist as a separate assumption.

¢. Equation of Energy Flow
Consider the zeroth component of the Rynamic force density five-vector

Mok _ oo , *Tog . *Toa

K, = + + .
N I L O
Then
. . oS . = T
 J— _d i o i 3(E - V)
—[J « E+J,V.] = =73 - = +
c 4°0 a(ict) "¢ ax® m ax4
or
15,5490 7-228,15_ 13E 7
c 4°0 c ot C ay% 41 5x
or. si 4 _
, since X' = y/ao,
aS AnC /T
F.7- = 9% o _ 0" 3(E - V)
E-V J4"0 at+aa 41 Y
X
Rearranging the terms
anc
. 38 _ = W 0 3{(E - ¥
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and separating out the electrical Poynting vector leads to

oY

This then is the five-dimensional energy flow equation.

d. Momentum Conservation
The expression for the conservation of momentum may be obtained from the

space portion of the force density five-vector

K = o _ Mg + "Tag + T4 , a=1,2,3
axk axo axB ax4
BTUB D
But — 7 is the three-dimensional divergence of the Dynamic stress tensor {T },
X
therefore

oo 135, 4o Dy 220 3y FE s (VB
K = cz St + div {T"} + ar 5y [VOE + (VxB)] .

If we consider a volume in which all the material is contained and outside
of which the field vanishes, then integrating over this volume yields

_1a'§a_0__§_——— _ f 43y 1D
[ K+ E?'Ef" e [VoE + (Vx B)I} dv = { div {T"} dv

<

The integral of K gives the total force (i.e., the time derivative of the mech-

anical momentum p less the vector (wvi - 82).
Now define the vector

e 5% Oy Es (TaE) s
v = f {5y [VgE + (Vx B) + }dt

- 32



Then define

<h~|
|||

so that
DG+ = [ div 1) ay
v

Using the divergence theorem the volume integral may be converted to a sur-

face integral so that

S0 =[P -7 da
S

If the field vanishes outside of V, it must do so also on the boundary sur-

face s, hence

d =.7% =
It (p +G) =

Therefore it is not the mechanical momentum p but the quantity p + G which
is conserved. Therefore we must interpret G as the momentum of the field and

— a L]
g=3- ﬁf{—[v -f+(7x§)]+—4ﬂ‘i—2}dt
(of

-8

as the momentum density of the field.

e. Gauge Field Pressure
The Dynamic stress tensor is given by

D _ 1 ., 1 2,02, 42 _ 2
Tog = T 1EoEg + ByBg = VoVg = 2 8, E + 8% + Vg vl
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o_ L2, o2 213

Now separate the three-dimensional Dynamic stress tensor into a traceless
and an jsotropic tensor.

D _ 1 L, 2 v2
Tos = 71 {EaEB + BaBB -V VB 5 8 s [E +B° + V vVell

1 2,02 .42 2
r (EoEg * BB - V V) - gy 8,5 [ES +B% + Vg - V]

7 [E.Eg + BBg - VoVl - (3 )(al)%e [e% + 8% - v?]

- 3 (3%)6“8 [E2 +82+ 33 - v

= taB * T&B
where
tog = g= (E,E, + BB, - - (zhs, [E2 4+ 8% - VA
and

c el d 2,52, 32 _ 2
Tap = agp)og [ET + BT+ 3% - V]
Now
tolt g} = () [P+ 82 - v2 - (e2+82 - ¥%)) =z 0
and

ey ety re2 L R2 oy L g2
tP{TGB}' - (8“) [E° + B + 35 - V ]

101



Consider the definition

2 432 vy

1 - - 1 2
‘3‘ taae = TU-B = - (m)aas [E + B 0

Then
t=-(8%) [|-:2+32+3v§-v2]

and

The isotropic part of the stress tensor is usually called the "pressure.”
Therefore define

Ip=t
in accordance with customary notation, so that

ol ee2  p2 s a2 g2
p-" 241_‘,)[E +B+3VO'VJ.

With the exception of the factor of 3 this reduces to the "radiaticn pres-
sure" for an electromagnetic field when V = Vg = 0.

Note that this pressure may be zero since it is the sum and difference of
squares, or p = 0, when
2

2 2

v? = 2 + 8% + 3]
This may prove to be an important point when considering boundary conditions

in cosmology or the study of elementary particles.
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f. Self Energy of a Charged Particle

In classical electromagnetic theory the self energy of a charged particle is
discussed but its value has not been established. This is because the expression
for the self energy is a function of the radius associated with the physical
extent of the charge distribution. Thus the radius of the charged particle must
be known before the self energy can be determined.

Currently the self encrgy of a charged particle is equated with the energy
associated with its inertial mass by

E = mc2 .

Then the radius associated with this energy is taken as the "radius" of the par-
ticle. There is no intentioﬁ that this radius be the physical radius of the
particle though it compares favorably with experimental vaiues.

The question arises here of whether or not the Dynamic Theory, with the
five-dimensional viewpoint, can theoretically predict the self energy and/or the
radius of the physical extent of the mass or charge distribution of the particle.

One of the beneficial aspects of the generalization of physical theory as
done in the Dynamic Theory is the possibility of using conceptualizations and
procedures developed in one branch of physics in another branch. This aspect of
the theory appears applicable here. The self energy of a charged particle is the
notion that a certain amount of energy be associated with the existence of the
particle and its charge. This notion may be associated with the notion of free
energy used in thermodynamics, for, if the self energy of the charged particle
is its free energy, then it represents the energy which may be "freed" upon con-
verting the particle into energy. Conversely this would represent the energy
required tc assemble the charged particle.

With the conceptualization of free energy the second law provides the condi-
tion for a stable equilibrium state, namely that a charged particle in an equi-
Tibrium state must exist at a minimum of its free energy. Thus if the self
energy, or free energy, of a charged particle is sought, then minimizing its free
energy will yield the desired result.

Before applying the principle of minimum free energy to a charged particle
in a five-dimensional space, suppose that the principle is applied in a four-
dimensional manifold first. This procedure will hopefully provide some validity
to the method or may point out some difficulty with it.
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The free energy was defined, in analogy with the thermodynamic case, as
- o 4
G=U-¢5-XxF, , (79)

where o depends upon the applicable work terms which here will be taken as the
three spatial dimensions, so that a = 1, 2, 3. The first law is given by

dE = dv - Fadx“ | (20)
while the second law yields
¢ds = dv - Fﬁdx“ (81)

for a quasi-static, reversible process. Therefore the differential change in the

system energy is
dU = ¢ds + Fadx“ . (82)
Differentiating Eq. {79) gives the differential change in the free energy as
d6 = dv - ¢d5 - sd¢ - £ dx* - xMF_ . (83)
Substituting (82) into (83) yields
dG = -5d¢ - xadFa . (84)
The force in Eq. (84) is considered to be the Lorentz force
F,=q[E+ (vxB)]
so that Eq. (84) becomes
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d6 = -5d$ - x*d {q(E + (v x B) ) - (85)

If we wish to consider the change in free energy with respect to a change in
the charge at a constant velocity, we find that, since ¢ is a function of
velocity only, d¢ = 0. The specification of constant velocity stems from the
desire to obtain the self energy of a charged particle; therefore the particle
should be considered as sitting still, so that it will have no kinetic energy.
The differential change of free energy for a stationary particle is then

dG

-sd¢ - x%d {q[F + (v x E)]a}

-5d¢ - x* {dq [Z + (v x B)], +ad [F+ (VxB)} ,

so that for ¢ = constant

o[F + (V x B)]

) =X+ (v x B, - x* (86)
q a aq
) $
But Z + (v x B) is independent of the charge q and therefore

By O TrFL v xE

(Bq 6= " X £+ (vxB)], . (87)
If the charge is not in motion, then

G -_ g (88)

9q'¢ - o

since v = 0. Further, if the field Z is due to the charged particle, then radial
symmetry yields

~

F=-—=0 (89)
4ﬂ€0P
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for points external to the negative charge distribution. Substituting (89) into
(88) results in

BG) _ re € . (90)

o
dG = - dq )
6 “megR g

so that the free energy is given by

-e2

G:
4ﬂ€0R

(91)

+G0

Here the use of the (-e) in the limits of integration corresponds to the notion
of free energy as the energy required to bring the charge to the radius R.

Thas the free energy given by Eq. (91), and hence the adopted method,
differs from the classical expression for the self energy of a charged particle
by the constant G, only. From Eq. (91) it may be seen that the value for the
free energy depends upon the physical radius R by an inverse relation. This
functional relationship obviously will not yield a finite value of R that mini-
mizes the free energy. Therefore we are no better off than we were by using
the classical theory.

The question of interest though is whether or not the five-dimensional view-
point will shed a new light on the self energy. By the preceding development's
arriving at an expression consistent with the classical self energy of a charged
particle, a measure of validity has been obtained for using the method.

Suppose now we apply the preceding procedure from a five-dimensional point
of view. In a five-dimensional system the forces are given by

J

B I
F(I-qrf+(VXB)]G+Cva’a 1, 2, 3 ,
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and

- v
Fy=alVy - Y3 . (92)
Thus
= & a4 (T B B2 ) o gDy - LoV g
9 o c GLvg c
o _ d(J4V )
= x> dq[F + (v x B)] + x% (93)
o Y 4 . v 4 v
+ x> qd[E + (v x B)] + x dq[vo - T+ x qd[V0 - ]
6]
Then for a stationary particle and charge so that v = 0,
_ o 4 x% 8(J4 a) 4 8V0
G, = - x5, - x o - %5 =g, rea (58),) - x gl - (O

Again suppose that the electric field is due to a spherically symmetric charge
distribution so that

~

er

=
2
4neor

which is independent of q. Thus Eq. (94) becomes

- 4 x® 8J4 - X V

It is not obvious whether or not Jgs V and VO are independent of q when the
seven Maxwell equations are first considered. However, with the tentative inter-
pretation that these quantities are related with nuclear forces we can suppose
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that they are independent of the charge q and

36 e 4
2B =& _ Py . (96)
9q ¢ 4neor 0

Since x4 = y/a0 Eq. (96) becomes

3Gy . _e _ Y
(aq)¢ 4ﬂe0r a0 VO ? (97)

where v is the mass density of the particle. Integrating Eq. (97) at the radius
R

G ~-e -e yv
__¢€ _0
[ € gmem {4 ] 5%
¥
or
2 V., -e
G = 4;§0R - Eg' é vdq {%8)

since VO was assumed to be independent of q.
The charge q is external to the charged particie and therefore should be

independent of the mass d« -~ity so that the free energy becomes

——+6, . (99)

For a charged particle the mass density will depend upon the physical extent
of the particle and hence upon R. The field quantity VO is supposed to be re-
lated to nuclear field properties and may also depend upon R. Thus there should
be a finite radius of physical extent R which will minimize the free energy given

by Eq. (99).
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If the functional dependence of VO and y upon the radius R were known, then
a minimum of the free energy would be given by determining the radius R0 for

which
@8 =p =_+e?__+_£__3(yv ) (100)
aR RO 41r£0RZ a, 3R 0

Before Eq. (100) may be used to find the radius R0 which minimizes the free
energy, an appeal to the seven Maxwell equations and/or a model of the particle
must be made so that the dependence of the product yVo upon R can be determined.

Suppese a simple model of the particle is made in order to further investi-
gate the existence of a finite radius R0 which will minimize the free energy.

If a uniform mass distribution in a spherical shape is considered, then

Y = %T;Eg N

and Eq. (99) becomes

2 3emV0

6 =12 _+ + 6, ° (101)
4neOR 4ﬂR330 0

If it is also supposed that V0 has a (1/R) dependence, then

2
- 3emk
6 =2+ + G, . (102)
4ﬂsoR 4wa0R4 0

Differentiating Eq. (102) with respect to R yields

2
C%g =0=—2E 5 - 12em§ (103)
R0 4ﬂEOR 4ﬂa0R
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or

_e _ 12mk
€ - 23
R0

Then Ry = 3/(12mksoj7(eao) is the radius which would minimize the free energy

for this model.
The minimum value of the free energy would then be given by

eZ 3mk€0
Gmin - 4ﬂ€0R0 { ca R3 - 13+ G0
oRo
ea 3me k ea
= (.8 0 0 04 _
® (neg) Wtk f g, ‘Tame " * O
2 ea
- (€ 0 1
= ) N x EF 6 o
0 0
or
.2
Gnin = G - e Ry (104)

Though the self energy given by Eq. (104) is based upon an unverified model,
it does represent a demonstration that the Dynamic Theory can produce a predicted
value of self energy for a charged particle. It remains then to determine a
realistic model of the particle or another method of determining the functional
dependence of yvo upon the radius R plus determining the value of the universal
constant ag- Once this has been done, then the self energy, or free energy, may

be specified.
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C. Quantization in Five Dimensions
The preceding development provides a tremendous wealth of mathematical

abstractions. However, there seems within it no readily apparent methed of
interpreting the new fields. If there appears to be no physical entity which may
be associated with the new field quantities, then the development will have gone
for naught. On the other hand, with the notion of nuclear fields in mind it
seems that if the new field quantities are included in a quantized picture, then
perhaps the relation to nuclear fields may be made.

In the following the requirement for quantization is provided by appropriate
restrictions upon a system whose description is taken from the Dynamic Theory.
However, the use of the five-dimensional Dirac equation has not yet been shown to
result from the Dynamic Theory. Schrodinger's quantum mechanics may be obtained
using London's work, but I am not aware of a procedure to arrive logically at
Dirac's equation even though { feel that the method exists. As it now stands,
the use of the generalized Dirac equation must be accepted as an independent

fundamental assumption.

1. Quantization. The system under consideration now is a five-dimensional

system with arc element

(dq°)2 = £(do)2

Now since our system is an E-conservative, d& = 0, system the principle of
increasing entropy requires that (dqo)2 > 0 so that f(dc)2 > 0. Introducing the
guantization conditions results in

fo;ddd =2min, j=0,1,2,3,4 ,

1/2
where ¢, = + 22F 77 ond X0zt , xlzql,x¥zq% P24 it 31 .
J axJ 0

If we restrict ourselves to a (do)2 space which is the local Euclidean
space, then (do)2 is the five-dimensional Minkowski-type manifold; using London's
work we would produce a five-dimensional quantum dynamical system.
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2. Five-Dimensional Hamiltonian. We previously showed that the principle
of increasing entropy resulted in

6 [ v Ada®)2 = 0

as the varijational principle for a local Euclidean manifold. Since multiplica-
tion by a constant does not change the problem we may take our varijational

problem to be

s fvc? NaH2 =0

; J
Defining the velocity vector as uJ = gﬁ6-and the momentum as p; = Lo Y g.kuk,
dq J aud J

where we have used the fact that gjku‘]uk = 1, then we may form the contravariant

momentum as

p) = g, =y g, 0t
so that
J . 3y (qik 2y - .2 2 k
PiPY = (¥ 95,u7) (g7 ¥ gyp ™) = ¥ 850 u” gy u

v (v g5y uwluk)

Yzcz , (105)

i

since Yc2 =y gjkujuk. Equation (105) is the five-dimensional “momentum-energy”

equation.
We may now follow London's procedure to obtain our wave function for the
five-dimensional system. However, a quicker way to investigate the effect of

the Dynamic Theory upon quantum mechanics would seem to be that of adopting
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i

Dirac's equation in a five-dimensional form and following a development analogous
to standard four-dimensional relativistic quantum mechanics. With this in mind,
then we shall adopt the form

s g~ 2 ~ 9 ~ 9 ~ 9 =
h=14 (G, =+& —5+d,—x +d ) - B (10¢€)
1..1 2 axz 3 ax3 4 axl

to be the five-dimensional specific Hamiltonian operator. The partial derivative
operators are specific operators and hence are dimensionless in natural units.

In Eq. (106) the &'s and g do not involve derivatives and must be Hermitian in

order that h be Hermitian.
By taking the four partial derivatives in Eq. (106) as the four-vector

specific momentum operator we may write
h=-(a+p+ g) . (107)

3. Five-Dimensional Dirac Equation. If we take p0 |> = h| > and require
that the d's and B are chosen such that solutions of this equation are also solu-
tions of Eq. (107), we find the restrictions imposed upon the choice of the a's
and 8 to be:

@-pf=0% ,
-1,
and
GB+Ba=0 |, (108)

where natural units, c = 1, are used.
A set of 8 x 8 matrices satisfying the requirements of Eq. (108) is

. 480 0 o - A O
s=( ) &1.=( ’)i=1, 2, 3 ,a4=< ) (109)
0 8 a: 0 0 A
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where

I 0 0 o 01
B=( ), ai=( i=1,2,3, mdA=(
0 -I g, O 10

and

(1 0) (0 1) (0 -i) 1 0

I= » O, = s O , and o, = ( ).

o 1/ N\ o/ 2 G o 3 % a1

Then the five-dimensional Dirac equation may be taken to be

iy () =(ia-v-8v¥x , (110)

where the V is a four-dimensional operator. By defining

0-3; y*:= B8, (n=1,2,34) , (111)

<
m

then Eq. (110) may be written as
(i Bjyj +1) ¥ (x) =0 . (112)

By virtue of the properties of the a's and § plus the fact that

] 1forj=k=20
gk=l1forj=k=1,2,34,
0 for j #k

the anticommutator of the y-matrices must satisfy

fyl,y')y = 27
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4. 'Lorentz" Covariance. Under a five-dimensional Lorentz transformation

372 d Kk
X "'ka

we shall suppose each component of the wave function ¥ (x)} transforms into a
Tinear combination of all four components:

Y ()LITY (x) =5¥ (x) , (113)
where 5 is a Dirac spinor satisfying
sty¥s=1iyk . (114)
By using an infinitesimal Lorentz transformation given by
Li = gg + deag
where ai are a set of 16 numbers, then 5 (6) may be shown to be given by

0
s (8) =exp (T é ds) , (115)

where the matrix T is given by

-1 J.k
T = 1'Ejk Y

Equations (113), (114), and (115) suffice to guarantee the Lorentz covari-
ance of the five-dimensional Dirac equaticn.

Following standard quantum mechanical procedure we shall adopt the proba-
bility current density to be

K0 =T (x) v ¥ ()
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with the requirements that
B d =0 ,
jk transforms as a contravariant vector, and

jk must be real

5. Spin. In the three-dimensional space the angular momentum is given by
the vector L as the cross product of the coordinates and momenta. We shall then
define the angular four-momentum to be the four-dimensicnal cross product

F o= jk
L~€_ijkxp

4

where x° is the mass density and

0 if any two indices are alike

c -} 1 for even permutation to align indices in
ijk ~ ascending order

-1 for odd permutation to align indices in
ascending order

Then the commutator of the components of the angular four-momentum with the
specific Hamiltonian is not zero; for instance

024

01,4 4 1,082 _ 5,02,

0,12 250 4 1,050 - 000« 0%

[Z3.0] = iy’ y'p - ivoy%l + iy %%

Now suppose there exists a four-spin vector S such that the sum of the
angular four-momentum and the four-spin vector commutes with the specific
Hamiltonian; then if we define a new three-spin vector U given by the components
dp = %-17471, u, = % 17472, and Uy = %-iy4y3, and take the usual spin vector s
given by 8 = %-1yzy3, 8y = %-iy Y;, and 53 = %-iylyz, the components of the
four-spin vector may be shown to be
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and
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In analoyy with standard relativistic quantum mechanics the eigenvalues of
the four-spin components can be shown to be + V3/4 . It may also be shown that
the set of observables P, h, and S + P, where P is the four-momentum and S is
the four-spin, form a complete set of commuting observables.

6. Dirac Equation with Fields. In analogy with relativistic quantum
mechanics we take the five-dimensional Dirac equation to be

[(id; - o) ¥ +11¥ =0, (116)

where ¢. is five-vector potential. By operating on the left with [(13 - ¢j)yi
- 1] and separating ny into symmetric and antisymmetric parts as

TR AT ROLn I N e IR L (117)
then Eq. (116) becomes
[(iaj - ¢j)(iaJ -¢d) -1+ (-ajak + ¢j¢k - i¢jak - iaj¢k) ch]w = 0. {118)

Separating aj¢k into symmetric and antisymmetric parts as

=1 1
?’j“’k = '2‘ (8j¢k + ak¢j) + '2" (3j¢k = ak¢j)
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and defining the field tensor as
Fik = 2% =
Eq. (118) becomes

. ..k k 1. Jk -
[(1aj-q>j)(1a -¢)-1--2-1ij0 Jv=10

Now since
0 x1 %2
x1 0 -2ig>
ojk = -iz 2133 0
-3 -2ig? 2is)
-§4 nl _n2
J4 j

where ¢ " =nY for j =1, 2, 3, and
0 E1 E2
—El 0 'B3
E3 -B, By
-V0 -Vl -V2
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o

= oF _ s.v.1°0_ 4
vV gt a W"O’ V.V+ Iy (120)

1
c

ot 0

then Eq. (119) may be written as

(15, - ¢J.)(1'3k- ) -1+B-5-dE-x-Vt - -vIv=0 (121)

and thus becomes the Dirac equation with fields E, B, Vg, and V.
Suppose we consider a system without an electric charge so that p =J = 0,

then by Eq. (120) we still have

ok . ov (122)

-aO?Y_

QL
2|

T-F=-a, =0 7xB-1
V-E=- a0 5 and VXB e

and therefore there will still be a magnetic moment.

This then sets up an argument which may provide an interpretation of the new
field quantities. Suppose that an electron, because of its small amount of mass
when compared to a proton or neutron, does not involve sufficient mass density
change to warrant using the fifth dimension. Then the magnetic moment of the
electron should be given accurately by the relativistic Dirac equation.

But suppose that nucleons (i.e., protons and neutrons) have sufficient mass
density change to warrant using the fifth dimension pro.ided by the dynamic
theory. Then the nucleons involve the new field componants and we should expect
a different value for the magnetic moment of a proton. For the neutron, which
has no electric charge, we find a magnetic moment due to these new field com-
ponents.

Now if we assume that the difference between the observed values of the
magnetic moments of the proton and the neutron and the predicted values of
relativistic quantum theory are due to the strong interaction, or nuclear forces,
then we must connect the new field quantities with the nuclear field quantities.

7. _Allowed Fundamental Spin States. In the five-dimensional quantization
of the space-time-mass manifold three spin vectors appear. One of these js the
familiar three-component spin vector of relativistic quantum mechanics. The
second of the three is a new three-component spin vector while the remaining one
is a four-component spin vector.

119



Using the theorem:

If a satisfies a2 = a2 where a is a number, then the eigen-
values of a are za.

Then it is not difficult to show that the component eigenvalues are

5, = * %-, u = 1, s? = %-, «=1,2,3 and j=1,2, 3, 4

If, in analogy with the eigenvalues for the total angular momentum, we write

2_3.

then the possible eigenvalues becomes

1 |
S-i"z“,ua—i"?,sj

1. .3
z2°772

However, the following relations restrict the number of possible combina-
tions of these eigenvalues.

Sp =8y -Up-uz

w
n
0w
D
+
=
o
]
=
w
-

and
4 =8 "%ty

The question asked now is, how many combinations of the above eigenvalues

are allowed?
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=1 C s <1 1. . .
For S1 = E-the combination 81 -3 and u, =5 is impossible.
For S, = l-the combination s, = - l-and u, = - l-is impossible
1 2 2 2 1 2 :
For S, = l—the combination s, = - l-and u, = = l-is impossible
3 2 3 2 1 2 :
For S, = l-the combination = - l-and 8, = l-is impossible
4" 2 %1 2 2 2 .
For S, = - é-only one combination is possible: s, = - 1 u, = 1 and
1 1 2 G | 22T
u3=-é-.
For S, = - §-on]y one combination is possible: &, = - 1 u, = -1 and
1 2 2 T2 2’ "1 2°
U3=§'n
For S, = - §-on1y one combination is possible: s, = -1 u, = -1, and
1 3 2 73 2° 1 2°
U2=-'é‘.
For §, = - g-on]y one combination is possible: s, = - i 8, = 1 and
1 4 2 S| 2* %2 2
83=--2-.

Now because S4 is a combination of the first terms of each of the components
Sl’ 52’ and 53, not all of the above listed 16 combinations are possible.

For 54 = %-the following combinations of (sl, 8ps 833 Ups Uys u3) are
possible.

(1) (%.%.%;-%—,%,-%) forsl=sz=53=%
2 Gy tid-1 3 for S, =5, =5, = 1
(3) (%,-%,-%;%,%,-%—) forsl=sz=53=%
(4) (-%,-%.%;%,-%—.-%) f°"51=52=53=%_‘
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The remaining combinations are:

5) (-4t -3i-%-5-D forsy=s5=-3%5=5,-1
6) -3 5 -3:5 %3 for S, =S =-3;5,=5;=1
(7 (%s-%,-%,-%,-%,%) forsz-53=-%,sl=s4.-%
®) (-3 -375-777 for §; =S3=-355,=5,=7.

Thus there is an octet of possible combinations. There are also some
obvious symmetries in these combinations. An aid in seeing these symetries is
the vector defined as t where

(o
|

-(u2 + u3) 3ty Z Uy~ Ug 3 tg T U, FoUg

Then for each of the eight combinations above we find (tl, t2, t3) given by

(1) t =40, 0,0) (5) t=1(,0,-1)
(2) t=(0,0,0) (6) t=1(-1,0,1)
(3) t=1(0,1,1) (7) t=(0, -1, -1)
(4) t=1(,1,0) (8) t=(-1,-1,0)

Thus the eight combinations correspond to four distinct t vectors which
carry a + sign. Or

%, =00,0,0) 3t =(0,1,1) ;F,=1(1,1,0) ;F = (1, 0, -1)

For + E& we have:

noje=
-

1
-
nNoje=
w

tl = (g3u) =
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= @0 =G Fi B2
o G Ch-bdibh-b-d
o G chhodiobhobod
For - T we have:

SRR A N A X
= G- -b-dibobd

Gy =(- L -1 1. _ 111
-t3—>(s,|))—(-2,-2,2, 29292)

|
-
i
N =
w
N —
-
1
N =
e
NOj—
«
N
-
Noj =
L

-t4 = (s;u) =

Now by defining the vectors:

|
I

m
———
[l
Noj—
-
N =
-
1
Noj—
L

111, -
('?s'z‘s'z‘):b

1 1 4 .g=11_1
(?’s’f:'?‘)sd—(st’ 2)

ol
m

We may write

t, = (s3u) = (a;b) -ty =

[
Lo
()
:
8]
S’
]
o
N
l

= (s3u) =

{
~
[]
(=1
-
&
S?
[}
—
w
)

ty = (s5u) =

t, = (s3u) = (b;-a) _ -ty =

(s;u) = (a;-b)

(s5u) = (c;~d)

(s;u)

(s34)

(-d;c)

(bsa)
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The octet is then made up of the combinations:

The appearance of octets for basic quantum numbers is reminiscent of elemen-
tary particle theory. Thus the Dynamic Theory seems to give promise to the hope
of tying elementary particle to fundamental principles in a new way.

D. Mass Conservation Hydrodynamic Systems
The equation of motion for the fifth dimension, mass density, appears as a

generalization of the principle of the conservation of mass. Further in classi-
cal hydrodynamic systems five equations in five unknowns are used. It seems
logical then to expect the five equations of motion appearing in the five-
dimensional dynamic theory to be generalizations of the classical equations. An
added incentive to investigate the possibilities of this generalization is gained
when electromagnetically contained ionized plasmas with mass conversion are con-
sidered. For if the five equations are generalizations of the classical hydro-
dynamic equations, then the use of the five-dimensional fie]dsAa1]owing mass
conversion should provide an entirely new viewpoint of a controlled fusion reac-

tor.
Since it is suspected that the five equations of motion resulting from the

application of the principle of increasing entropy to a thermo-mechanical system
are generalizations of the classical equations, it then becomes necessary to show
that this is indeed the case. This seems possible by restricting the system so
that it corresponds to the usual system considered.

First, from the dynamic approach, the manifold required for a description of
the system is the five-dimensional manifold of space, time, and mass density.
Within this manifold the continuity equation @0 longer holds for the general
system. We can, -however, restrict our system by first requiring that the system
remain on a hypersurface within the five-dimensional manifold. For a system so
restricted, any of the five dimensions may be considered as functions of the
other four. In particular, since by custom in hydrodynamics the mass density is
considered to be a function of space and time, we may consider the mass density
to be the variable chosen to be function of the others or

Y = Y(xos xls xzs X3)
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so that

d-Y = (_al) dxa’
ax®

Such a system will be constrained to be on a hypersurface embedded within
the five-dimensional manifold of space, time, and mass density as shown and upon
this hypersurface will be described in a four-dimensional manifold of space and

time.

1. Surface Geometry

Y

!
—

t

If we further restrict our system by requiring that the total derivative of
the mass density to be zero or

0= —gﬁ dx®
dx

dy

then
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or
3 [ ] _=
5% +grady cv=0 ,

which is the usual continuity equation. Thus by restricting the system to this
particular hypersurface we have constrained the system to obey the continuity
equation as does a usual hydrodynamic system.

Not only does this restriction place our system within the space-time mani-~
fold where we may compare the resulting four equations of motion with the
equations of motion in relativistic treories but, since the seven gauge field
equations must hold in the five-dimensional manifold they must also hold on the
hypersurface. This allows the new field quantities to be expressed as functions
of the E, B fields and the partial derivatives of the mass densities. Further,
it appears that the additional B field equations may be used to determine a
dependence of the E and B fields upon the mass density and/or its changes.

Then by comparing the equations of motion obtained here for the system
restricted to the mass conservation hypersurface with the relativistic Navier-
Stokes equations it should be possible to identify the viscous coefficients with
the field quantities and perhaps see how the viscosity depends upon these fields
as I feel it does.

Since we have restricted the system to a hypersurface where the mass density
is a function of space and time, then the surface is defined by five equations

of the type

x1 = x (uo, ul, uz, u3) . (123)
Further, since x4 = y/a0 and x4 = x4 (xo, xl, x2, x3), then Eq. (123) becomes

x0 = uO R x1 = u1 s x2 = y? s x3 = u3 (124)
and

4 f(uo, ul, u2, u3)- .

x
1
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Since uo, ul, u2, and u3 are independent variables, the locus defineq by
Eq. (123) is four-dimensional, and these equations give the coordinates x! of a
point on the hypersurface when uo, ul, u2 and u3 are assigned particular values.
This point of view leads one to consider the surface as a four-dimensional mani-
fold S embedded in a five-dimensional enveloping space. We can also study sur-
faces without reference to the surrounding space, and consider parameters uo, ul,
u2, and u3 as coordinates of points in the surface.

If we assign to u0 in (123) some fixed value u0 = ug, we obtain a three-

dimensional manifold
x' = xiw), ol v, (im0, 1, 2, 3, 8)

which is a three-dimensional manifold lying on the hypersurface S defined by Eq.
(123). By assigning fixed values for any three of the four hypersurface vari-
ables we obtain a net of curves, on the hypersurface, which may be called coordi-
nate curves.

Obviously the parametric representation of a hypersurface in the form of
(123) is not unique, and there are infinitely many curvilinear coordinate systems
which can be used to locate points on a given hypersurface S. Thus, if one
introduces a transformation

o
]
[ =

u- = u, u, u, u N
= 2@, WL D)
and
u3 = UB(—GOQ Uls .529 .a-3) (]25)

where the u“(ﬁo, Ul, 32, 33) are of class ¢l and are such that the Jacobian
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a(u Y ul, u2, u-)

3@, ul, W, ©)

J =

does not vanish in some region of the variables u®, then one can insert the
values from (125) in (123) and obtain a different set of parametric equations

XV = f‘(u . ul, ﬁ', ) {126)
defining the hypersurfaqp S. Equation (125) can be looked upon as representing

a transformation of coordinates in the hypersurface.

a. First Fundamental Quadratic Form

The properties of hypersurfaces that can be described without reference to
the space in which the hypersurface is embedded are termed "intrinsic" proper-
ties. A study of intrinsic properties is made to depend on a certain quadratic
differential form describing the metric character of the hypersurface. We pro-
ceed to derive this quadratic form for our restricted system.

It will be convenient to adopt certain conventions concerning the meaning of
the indices to be used. We will be dealing with two distinct sets of variables:
those referring to the five-dimensional space in which the hypersurface is
embedded (these are five in number) and with four coordinates uo, ul, u2, and u
referring to the four-dimensional manifold S. In order not to confuse these
sets of variables we shall use Latin letters for the indices referring to the
space variables and Greek letters for the hypersurface variables. Thus Latin
indices will assume values 0, 1, 2, 3, 4 and Greek indices will have the range
of values 0, 1, 2, 3. A transformation T of space coordinates from cne system

X to another X will be written as

3

T=x=x'00, &, %, %, xY

a transformation of Gaussian hypersurface coordinates, such as described by Eq.
(125) will be denoted by

u® = u¥@l, W, v, )
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A repeated Greek index in any term denotes the summation from 0 to 3; a repeated
Latin index represents the sum from 0 to 4. Unless a statement to the contrary
is made, we shall suppose that all functions appearing in the discussion are of
class C2 in the regions of their definitions.

Consider the hypersurface S defined by

x' = xi(uo, ul, u?, u3) R (127)

where the x' are coordinates covering the five-dimensional space in which the
hypersurface S is embedded, and a curve C on S defined by

o

u® = 1) , ETLT (128)

where the u®'s are the Gaussian coordinates covering S. Viewed from the sur-
rounding space, the curve defined by (128) is a curve in a five-dimensional mani-
fold, which we shall assume, for the present, is Riemannian entropy manifold of
the Dynamic Theory, and its element of arc is given by the formula

(dq%)? = 8 axidxd . (129)
From (127) we have

. i
dx! = 353 du® (130)
ou ’

where, as is clear from (128),

o
du® = Q_g? dt

Substituting from (129) and (130), we get
(da®)2 = §. . al ad du®du®
B AT
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= A du%duf

ofB
where
i J
A X X
A, =g, & (131)
oB 1J 5,0 BuB
. 0,2
The expression for (dq~ )", namely
(dg?)? = A g du’du (132)

is the square of the linear element of C lying on the hypersurface S, and the
right hand member of (131) can be called the First Fundamental quadratic form
of the hypersurface. The length of arc of the curve is given by

T
2 ————
0 0 — L] L]
q, - 4; = { Y A a8 a7
1

ol
where u% = g%? and q0 is the specific entropy. The total change in the entropy

along the curve C would then be

T
2 [
Y(qg - qg) = { Y A u®uf dr . (133)
1

Consider a transformation of surface coordinates
u® = ua(ﬁo, W, W, Ua) (133)

with a non-vanishing Jacobian
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It follows from (134) tiat

and hence (132) yields

B
0,2 _ au U =y =6
(dg”)° = Rog —= \oY 6 du' du” .
If we set

Y8 o gy au6

we see that the set of quantities AaB represents a symmetric covariant tensor of
rank two with respect to the admissible transformations (134) of hypersurface
coordinates. The fact that the A a 2Te components of a tensor is also evident
from (132), since (dq )2 is an invariant and the quantities A ap 2T symmetric.
The tensor AaB is called the covariant metric tensor of the hypersurface.

Since the form (132) is positive definite, the determinant

A= IAaBl >0

and we can define the reciprocal tensor A°® by the formula A®® A_ = 63 .

The properties of surfaces concerning the study of the first fundamental °
quadratic form

0,2 _ o B
(dg")* = AaB du” du

constitute a body of what is known as the "intrinsic geometry of surfaces." They

take no account of the distinguishing characteristics of surfaces as they might
appear to an observer located in the surrounding space. Two surfaces, a cylinder
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and a cone, for example, appear to be entirely different when viewed from the
enveloping space, and yet their intrinsic geometries are completely indistin-
guishable since the metric properties of cylinders and cones can be described
by the identical expressions for square of the element of arc. If a coordinate
system exists on each of the two surfaces such that the linear elements on them
are characterized by the same metric coefficients AaB’ the surfaces are called
"isometric."

Thus if our description of the restricted system is done only in terms of
the intrinsic geometry of the hypersurface we may lose sight of features which
may characterize our system when viewad from the enveloping space. Therafore,
in order to characterize the shape of the surface we must develop a view which

involves the enveloping space.

b. Second Fundamental Quadratic Form
An entity that provides a characteristic of the shape of the surface as
it appears from the enveloping space is the normal 1ine to the surface. The
behavior of the normal Tine as its foot is displaced along the surface depends
on the shape of the surface, and it occurred to Gauss to describe certain proper-
ties of surfaces with the aid of a quadratic form that depends in a fundamental
way on the behavior of. the normal line. Before we introduce this new quadratic

form let us recall the definition (131),

=q .a.).(_i__al(i 1.4 = =
AU,B = g-ij aua’ auB (1’.] = CI, 1, 2, 33 4) (G:B = os 1, 2: 3) . (131)

We note that the foregoing formulas depend on both the Latin and Greek
indices, and we recall that the Latin indices run from 0 to 4 and refer to the
surrounding space, whereas the Greek indices assume values 0, 1, 2,_and 3 and
are associated with the embedded hypersurface. Furthermore, the dx! and aij's
are tensors with respect to the transformations induced on the space variables
x', whereas such quantities du® and AaB are tensors with respect to the trans-

formation of Gaussian surface coordinates u® Equation (131) is a curious one
i

since it contains partial derivatives géa depending on both Latin and Greek
u

indices. Since both AaB and aij in (131) are tensors, this formula suggests
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i
¥

i
that gﬁa-can be regarded either as a contravariant space vector or as a covariant

au
surface vector. Let us investigate this set of quantities more closely.

Let us take a small displacement on the hypersurface S, specified by the
surface vector du®. The same displacement, as is clear from (130), is described
by the space vector with components

. j
dx' = %E du® . (135)
au

The left-hand member of this expression is independent of the Greek indices,
and hence it is invariant relative to a change of the surface coordinates u®.
Since du® is an arbitrary surface vector, we conclude that

;
ﬁéa (136
ou

is a covariant surface vector. On the other hand, if we change the space coordi-
nates, the du®, being a surface vector, is invariant relative to this change,

so the (136) must be a contravariant space vector. Hence we can write (136)

as

xi = X (137)

where the indices properly describe the tensor character of this set of quanti-

ties.
Let A and B be a pair of surface vectors drawn from one point P of S.

|
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Then using (137) they can be represented in the form
i_ i i_ Jigo
A" =x A" and B’ = X B . (138)
The five-dimensional vector product, defined by
e A M (139)

is the vector normal to the tangent plane determined by the vectors A and B,
and the unit vector n perpendicular to the tangent plane, so oriented that A,
B, and n form a right-handed system, is

kij
€ A.B.

af
€ AO'.B B l

We call the vector n the unit normal vector to the hypersurface S at P.

Clearly, n is a function of coordinates (uO, ul, u2, u3), and as the point P

(uo, ul, u2, u3) is displaced to a new position P(u0 + duo, u1 + dul, u2 + du2,
w4 du3), the vector n undergoes a change

dii = —3!‘(; du® (141)
Su

whereas the position vector r is changed by the amount

dr = —ég du®
ou

Let us form the scalar product

dii - dF = 20 . _8C 4,0 g8 (142)
au®  su
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If we define

on , _or . _an ar'y
au® P auB

o

=1
bug =7
so that (142) reads

di - dF = - b, du® df (143)

the left-hand member of (143), being the scalar product of two vectors in a
Riemannian space by being in the entropy manifold, is an invariant; moreover,
from symmetry with respect to o and B, it is clear that the coefficients

du® duB in the right-hand member of (143) define a covariant tensor of rank two.

The quadratic form

. a 4,8
B =b, du® du” (144)
called the second fundamental quadratic form of the hypersurface, will be shown
to play an essential part in the study of hypersurfaces when they are viewed
from the surrounding space, just as the first fundamental quadratic form 4 =

dr « dr , or

A=A d®db ,
af

did in the study of intrinsic properties of a hypersurface.

We can rewrite the formula (140) in terms of the components x of the base
vectors aa We denote the covariant components of n by n1 and observe that its
covariant components n; are given by

ink
n = fiik_fig_ (145)
' KEBsins
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and

A B sin 6 = eaB'A“ AR . (146)

Substituting in (145) from (138) and (146), we get
M, € . - e..p X3 xk) A% B8 = 0
i “aB ijk "o 78
and, since this relation is valid for all surface vectors, we conclude that

- 3k

Multiplying (147) through eas, and noting that e“seas = 2, we get the desired
result

aB. oy d 4k (148)

It is clear from the structure of this formula that "i is a space vector
which does not depend on the choice of surface coordinates. This fact is also
obvious from purely geometric considerations.

¢. Tensor Derivatives
We wish to reduce the second fundamental quadratic form (144) analytically
by the operation of tensor differentiation of tensor fields which are functions
of both surface and space coordinates. To do this we shall first present the
concept of tensor differentiation introduced by A. J. McConnell*, .
Let us consider a curve C lying on a given hypersurface S and a vector Al
defined along C. If 7 is a parameter along C, we can compute the intrinsic

1 .
derivative é%; of Al, namely,

*A. J. McConnell, Absolute Differential Calculus, London, 1931, Chapters XIV-XVI.
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K
dA 5! hal & (149)

In formula (149) the Christoffel symbols 5 Jk} refer to the space coordinates

x1 and are formed from the metric coefficients g i This is indicated by the
prefix § on the symbol. On the other hand, if we consider a surface vector A
defined along the same curve C, we can form the intrinsic derivative with respect

to the surface variables, namely,

sA% _ dA® ay 48 duY
3t dt T { } A dt (150)

In this expression the Christoffel symbols a a} are formed from the metric
coefficients a B associated with the Gaussian hypersurface coordinates u A
geometric 1nterpretat1on of these formulas is at hand when the fields A' and A%

o
are such that §A— 0 and §%- 0. In the first equation the vectors A form

a parallel field with respect to C, considered as a space curve, whereas the

[s )
equation §%? = 0 defines a parallel field with respect to C regarded as a sur-
face curve. The corresponding formulas for the intrinsic derivatives of the
covariant vectors Ai and Aa are

SA., dA. J
i_ i dx”
T AT § 13} Ay ~dt (151)
and
SA dA B
—2-_°_ Y A, Q- (152)

8T dr a aB dt
Consider next a tensor field T‘, which is K contravariant vector with res-
pect to a transformation of space coord1nate x! and a covariant vector relative
to a transformation of surface coordinates u®. An example of a field of this
type is the tensor x = axa introduced earlier. If T; is defined over a surface
on
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curve C, and the parameter along C is 1, then T; is a function of 1. We intro-
duce a parallel vector field Ai along C, regarded as a space curve, and a par-
allel vector field B® along C, viewed as a surface curve, and form an invariant

o(1) = TAB® .

The derivative of &(1) with respect to the parameter T is given by the expression

dT . dA.
dd _ o o i_ i dB
T dt AiB * Ta dT ¥+ TaA1 dtr °® (153)

which is obviously an invariant relative to both the space and surface coordi-
nates. But, since the fields Ai(T) and B%(t) are parallel,

dAi dx

i g{u}Ak ¢ ad g =gl BT T s

and (153) becomes

dr’ . k
de _|"'a iy, - dx 8y i duY
dt [ at * §{jk} T a7 ™ 3la } Ts ~at ]A B . {154)

Since this is invariant for an zarbitrary choice of parallel fields A and B%,
the quotient law guarantees that the expression in the brackets of (154) is a
tensor of the same character as T1 We call this tensor the intrinsic tensor
derivative of T with respect to the parameter T, and write

aT‘ dT‘ k Ly |
X _ 8, +i du |
6t dT g{Jk} fo dt ! TS dt ° (155) !

If the field Tl is defined over the entire hypersurface S, we can argue
that, since
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sT]
_a
8T

?T_i+ Ay ik {a}T1 duY
auY 93k oy Tdt

y
is a tensor field and g%; js an arbitrary surface vector (for C is arbitrary),

the expression in the bracket is a tensor of the type T;Y . We write

. a7l o .
i o, 1,40 k _ 8§y i
Tay = ;;;-+ g{jk} TaxY a{ay} T6 (156)

and call T; the tensor derivative of T& with respect to u’.
]
The extension of this definition to more complicated tensors is obvious
from the structure of (156). Thus the tensor derivative of T;B with respect to

u¥ is given by

: aT! _ _
! = GB J k § 1 - I i
TaBsY auY g{Jk} TG.B Y a{a;Y} T(SB a{BY} Tcx6 . (157)

If the surface coordinates at any point P or S are geodesic, and the space
coordinates are orthogonal Cartesian, we see that at that point the tensor deriv-
atives reduce to the ordinary derivatives. This leads us to conclude that the
operations of tensor differentiations of products and sums follow the usual rules
and that the tensor derivatives of ﬁij’ AaB’ Eijk’ €48 and their associated
tensors vanish. Accordingly, they behave as constants in the tensor differentia-
tion,

The apparatus developed in the preceding section permits us to obtain easily
and in the most general form an important set of formulas due to Gauss. We will
also deduce with its aid the second fundamental quadratic form of a surface
already encountered.

We begin by calculating the tensor derivative of the tensor x;, representing

the components of the surface base vectors E&. We have
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2 i
o8 ~ 3y0uP

i 97X

ik o8
5Lt Kxs - L3 Xy s

X
a af

from which we deduce that

L B (158)

Since the tensor derivative of aaB vanishes, we obtain, upon differentiating

the relation

i xj xixj =0 . (159)

95 % ¥ 95 XoXB,y

ij "o,y B

Interchanging «,B,y cyclically leads to two formulas:

- i .4 iJ -

955 %8,y ¥ 9ij **a O (160)
and

a i JLa id .

gij XY,Bxa + g. . nya’B o . (161)

If we add (160) and (161), subtract (159), and take into account the sym-
metry relation (158), we obtain

LI
95 %a,8% = 0

This is the orthogonality relation which states that x) o is a space vector

!
normal to the surface, and hence it is directed along the unit normai n'. Con-
sequently, there exists a set of functions buB such that
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The quantities baB are the components of a symmetric surface tensor, and the
differential quadratic form

B=b . du® duP
oB

is the desired second fundamental form.

. i_ P
Now since njn Gj, and n, gij" , then

baB ) g1J xaaB n ;

i ijk "a "B ?
_1 s i3k
baB 7 € ik X85 - (162)

We now have, in Eqs. (131) and (162), the formulas necessary to determine
the first and second fundamental quadratic forms for our system constrained to
a four-dimensional hypersurface. Our objective is to show that by appropriately
constraining our system we arrive at the Navier-Stokes equations. Let us deter-
mine the first fundamental quadratic form.

First recall that our system was restricted so that x4 = x4(x0, xl’ xz, x3)
or the mass density is a function of space and time; then we have the relations

x0 = u0 .
oyl
x2 = u2 R
B33,

and
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Xt = f(xo, xl, xz, x3) = f(uo, ul, u2, u3) .

Since Eq. (131) is

off
then
Ago = 800 = 2os To * 9a (f)?
where

- _of
f:——a

au

In a similar fashion we may determine the remaining coefficients so that

+

- ,\ - 2 A R R - N - R . ”
Go0 * Woafo * 9aalf)” 9oy * 2gafy * Saafoft 902 * oa2 * aaTofz o3 * paf3 * Yol
- ~ ~ o N n 2 - " R " - -

Gop + Bpafy * Gaafoft 11 * 20101 * 8aalf)"  9pp * 204Tp * Ggafife 91n * 28)4Fy * 94Ty

aB |, n N N - R - - - 2 . . u
G2 * 28afs * Gaafofa 812 * 2014T2 * G4af1Tn 022 * 2924F; * 9aalf2)”  Tpy + 26543 + 944%5f3

A - - ,\ - A N - N - . A 2
o3 + 20043 * 9aafofs 13 * 2yafs * 8gafifa Gp3 % 205473 * Gaafafy 33 * 203473 + 944(F3)

{163)

Obviously from this determination we may write the metric coefficients of the
first fundamental quadratic form as the sum of two tensors, or

AQB = aaB + haB H U‘sB = 0’ 1, 29 3 s (164)
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where the hmB are functions of the partial derivatives of the masi density with
respect to space and time in addition to space and time from the 9ig where i =
0,1, 2, 3, 4.

Though we may use Eq. (162) to determine the metric coefficients for the
second fundamental quadratic form, it is not necessary for the current presenta-
tion.

The hypersurface which is embedded in the five-dimensional space is a four-
dimensional curvilinear space-time manifold. Thus the relativistic hydrodynamic
equations are applicable here so long as the metric coefficients are determined
as coefficients of the hypersurface quadratic form.

The complete energy-momentum tensor for a fluid in a flat Riemannian space-
time manifold is given by*

18 =y §%f + F (i%F - ¢%F) (165)

(o

where u® = g%; , § is the arc length. Then based upon this energy-momentum
tensor the flow of a fluid under the effect of its own internal pressure force
is given by setting the divergence of (165) equal to zero, or

TaB = 0 . ( 166 )

If we reduce Eq. (165) to the non-relativistic limit, the use of (166) gives
us

® r g s =va, 5 wBS=1,2,3 , (167)

where 1®8 = Pg®8 is the three-dimensional stress tensor of an ideal fluid.
If in Eq. (165) we use the fact that the metric coefficients for the hyper-
surface may be written as the sum of (164), then we have

18 =y %8 + 2 (3%F - g8 - n°B)

=yuu (168)
c

*R, Adler, M. Bazin, and M. Schiffer, Introduction to General Relativity, 2nd
Ed. (McGraw-Hi11, New York, 1975), p. 337.
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8 are also dependent upon this same sum.

where it must be remembered that the u®u
In the nonrelativistic 1imit the effects of this sum of metric tensors appear
(169)

as a sum in the stress tensor

8= pg®B P 48=1, 2, 3

Recall that the §aB refer to the three-dimensional space viewed from the
five-dimensional manifold. The haB’ however, contain the information about the
If we then associate the tensor

surface embedded in the five-dimensional space.
(170)

tU-B = . PhaB
with the viscous stresses, we are saying that the viscous stresses depend upon

the geometric character of the hypersurface.
In the Timit of small displacements we write the strain velocity tensor as

: =1 ,
eG-B B 2 (vass ¥ VS_,.G_)
Then the first order coefficients of viscosity are related to the strain velocity

tensor_and viscous stresses according to
(171)

- ofén
af _ C
tF == (g * Vpe) - .
If we then use (170) in (171), we find that the relationship between the geo-

metric character of the hypersurface and the viscous coefficients is given by
(172)

- ph%
Equati%n (172) then expresses the functional dependence of the viscous

coefficiegﬁs upon the strain velocities, pressure, mass density, and their deriv-

]

atives. H

§
']
i
/
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2. __Relativistic Hydrodynamics. By viewing classical hydrodynamics to be
given by the embedding of a four-dimensional hypersurface within a five-
dimensional manifold, the association (172) between the geometric properties
of the hypersurface and the viscous coefficients could be tentatively made. We
may now go back and develop this relationship more completely.

The hypersurface, which becomes embedded in the five-dimensional manifold
by the restriction that x4 = x4(x0, xl, xz, x3) is a four-dimensional relativ-
istic manifold. Thus for the surface we may use the relativistic energy-momentum

tensor, which is

™ -y Wy o+ —%—(u“u“ - gy, (173)
c
H
where u¥ = 956 and u,v = 0, 1, 2, 3. The divergence of (173) yields the flow
dx

equations for a fluid under the effects of its own internal pressure.

However, from the viewpoint of the Dynamic Theory, the surface metric coef-
ficients may be written in terms of the metric coefficients of the first four
space coordinates as given by Eqs. (164) and (165), or
o, =0,1, 2, 3 . (165)

Avg = 98 * Nop

Thus the square of the arc length for the entropy manifold may be written as

0,2 _ a 4B .2 a 4.8 a 4. B
(dq™) Aade dx 9op dx™ dx® + haB dx™ dx

a
or, if u* = 955 , then
dq

u%uB

- aB_ a2 o B
1=A_uu gaB uu” + haB

of

Then on the hypersurface the energy momentum tensor would become

708 ¥ Wb + __g_ (uo‘uB _ AaB)
c
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or

~ - haﬁ)

98 (174)

T8 =y u™B + -——g-(uau6 -
c

Since the surface coordinates, xa, are the same as the first four coordi-
nates of the surrounding space, the velocities u* are the same whether considered
as surface or space vectors. The difference between the surface view and a four-
dimensional space view appears in the metric coefficients. Thus while the square
of the arc element on the surface is unity, the square of the arc element in
the surrounding space is not, or

but

uu =1-h_,uu

3. Classical Hydrodynamics. Suppose we consider aaB to be a flat space
then because of (174) we may write

T8 =y u%B 4 —% (b - g%y - —% e |

C C

If we then form the space divergence

o o
™, =12y B0 2y B a0,
Cc X C
this may be written as
Lix,g. (V) _ 1 a(en® + 2T (PV) -7 (PRO) = 0
c | ot Y 2 ot 2 2 ’
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where h0 has components h0%, & = 1, 2, 3.

Therefore
Ny Te(yV)=-27.0p7) +-L a(Ph’0 +7 - (Ph.)
at Y c o2 at o/} °

so that if h¥ is a four-vector with components hov = h“, then

Bl —. _=__1__ ._—,Ea -—]—' AY
sV (v v) r P v c Vo, t c2 (Ph ),v .

The remaining components of the divergence are given by

av 1 8, u* Pv* P a0
™, caelvyvect—3-73 W}
[of [of
o B a B aB
L e o L RS
X C C C C

which may be rearranged to read

0 af
W - ool R afdy el T 1 3(Ph™) . 3(Ph™")
Y’[ T ] e [;t *V V)] foT et T B

a4
'—%[ﬂ%%‘l*‘v- (P v“V)]
C

If we Took at the nonrelativistic limit, then, by neglecting the terms

P(v/c), we get

00
Wy, (vy) =L[LAPhT) 5. (pf0
stttV (v v) CZ[C st TV (Ph™) .
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The multiplicative factor —%-on the right-hand side suggests that

C
%VV'- (yv) 20 ,

which is the assumption we chose to place our system on a particular surface.
This corresponds to a classical system where conservation of mass is assumed.
Therefore, on the surface of a curve specified by

we must then have

. [av“ eV .7 va] _ e, 13(ph®) | 3(pn%)
ax“

ot c ot %

or

o _ o0, 13(Ph®) , a(pn®®)

Y a
Bxa C ot 3XB

o0
+2AP) (), L 81, 2,3

[of
ax°‘

Thus we may write

y a® = TGB,B

8 - _ b8 4 prs® - (. 18 a7e

where 1

o0
The term %.Eifgf_l has been neglected in (175).
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Thus we see that the geometric character of the hypersurface, contained in
the term PhaB, behaves as if it were a viscous effect to be added to the normal
viscous effects. Recalling Eq. (165), it may be seen that the viscous-like
effects of the geometry of the hypersurface depend upon the density gradient.

If these terms exist, they must be very small in everyday phenomena. Yet if we
consider phenomenon which involve very large density gradients, these terms could
become large enough tc see.

4. Shock Waves. One field of physical phenomena that displays large den-

sity gradients is shock waves. Therefore let us take a quick look at the effect
of these additional terms on the description of a shock front for a steady, one-

dimensional shock.
The total stress in a steady, one-dimensional shock would be given by

2
o=r{i-DE 0 G
)

when @11 = 1 and h11 is evaluated using Eq. (165). However, for a steady shock

we also have

\(u=k1 s
klu + 0= k2 .

and
2

2 o
klE-—'Z_"kB

These equations represent the conservation of mass, momentum, and energy. By
using the conservation of mass relation we may write the total stress as

d
0= P+ neee (G)
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where

2
Pk1

_ du
Neff =N - 77 (&
aou

may be called the effective viscous coefficient. Since within the shock front
the velocity gradient du/dx is negative, we see that the effective viscous coef-
ficient acts so as to thicken the shock front when compared to the classical

viscous coefficient n.

E. Mass Conservative Electrodynamics
One of the incentives for seeking to determine whether the five equations of

motion were generalizations of the classical hydrodynamic equations was the pos-
sibility of shedding new light upon fusion plasmas. Now before mass conversion
is accomplished the plasma must reach certain conditions. The attainment of
these conditions involve electromagnetic fields not encountered in usual circum-
stances on earth. If the Dynamic Theory is to be believed, then perhaps it may
provide new insight into the attainment of the appropriate conditions before mass

conversion begins.
The following development still assumes conservation of mass in order to

see the geometry of the hypersurface for a system under the influence of elec-
tromagnetic fields.

Suppose we now describe the behavior of charged matter under the influence
of an electromagnetic field from the viewpoint of the Dynamic Theory. From this
viewpoint the conservation of mass has the effect of restricting our system to
a four-dimensional hypersurface which is embedded in the five-dimensional mani-
fold of space, time, and mass density.

Since we desire to consider the effects of an electromagnetic field we must
consider a gauge function. When a gauge function exists, the square of the arc
length in the entropy space is related to the square of the arc length in the

sigma space by

002 _a i gdogdya gigd 1y, i2
(dq”)° = G; dx' dx (hoo) 95 dx ' dx (hoo)(do) .
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When the system is restricted to a hypersurface by the relation x4 =

x4(x0, xl, xz, x3), then the entropy surface may be written as

02 _ 2 o 4B
(dgq”) aaB du™ du® ,

where

~

§ =g ) o i
oB 10 5@ auB 1) "o

Likewise for the sigma surface

~
P

(do)? = 3 g du du®

B

where

A _ A ilj

aaB gij X, X B *
Thus we have

A 1, %

a,= () a

oB h00 af

The principle of increasing entropy requires that the equations of motion
be geodesics in the entropy space but they will appear as equations involving
forces in the sigma space. We desire to expose these forces and therefore should
work in the sigma space. Our objective then is to determine the effect of embed-
ding a four-dimensional surface given by x4 = x4(x0, xl, xz, x3) in the sigma
space and thus obtain a sigma surface describing a system subjected to the class-
ical conservation of mass restriction.

Having previously determined the metric coefficients for the entropy space

by Eqs. (163) and (164) we may write the coefficients for the sigma surface as

151



3,0 = g 3g = Mgp [Gp + hypl -

However by considering the effects of the electromagnetic field as a force
we must first consider the space field tensor:

0 E; E, Es v
-E, 0 B, -8, v
Fii T E, -B, 0 B v,
Eq B, -8, 0 v,
-V, -V, v, -V, 0

If we restrict ourselves to the classical field quantities E and B and for
the moment assume that the field quantities V0 and V are zero, then we obtain
only the effects of the hypersurface viewpoint. This assumption seems reasonable
considering the possible interpretation of the new field quantities in terms of
nuclear effects. Under this assumption our field tensor becomes

0 E; E2 E3 0
-E1 0 By -B, 0
Fij = -5 -B4 0 B, 0
-E3 B, -B1 0 0
0 0 0 0 0

We can now use this space field tensor to determine the appearance of the
fields when viewed from the surface. The surface field tensor will be given by
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But since x; = 6; for i,a=0,1, 2, 3 and xi = fa, the surface field tensor of
a purely electromagnetic space field tensor is only the four-dimensional portion
of the space field tensor since Fi4 =0 fori=0,1, 2, 3, 4.

Thus when we use the relativistic energy-momentum tensor for the surface,

we have

UadEITLENE ¥ L (176)

c

aB] ]

which is the relativistic energy-momentum tensor for matter under the influence
of electromagnetic fields. But since SaB = aaB + haB’ then (176) becomes

w_ B Vv e pav o 1 a0y uvy caB
T yu© u’ + 2 [F F+7 (G +h7)F Fas]
or
uv _ THv uv
T Tee1 t Tgeo (177)
where

w o ouwov, 1ep cav 1 2uv coB
LIS I O 2 [F a Frego F FaB]

is the four-dimensional space relativistic energy momentum tensor and

Wooo 1y i B
Tgeo = (4C2) Y F® F

B
is the portion of the energy-momentum tensor which contains the geometrical pro-

perties of the hypersurface.
From Eq. (177) we can say that the Dynamic Theory has the appearance of
adding a term to the relativistic energy-momentum tensor. This term contains
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the geometrical character of the surface and represents the difference between
the appearance of the energy-momentum tensor when viewed from the surrounding

space as compared to the view from the hypersurface.
If we take the divergence of the energy-momentum tensor (177), we have

o _ pHv i
T sV Tre] sV * Tgeo sV

The additional force terms from the surface geometry are given by

() (0" P8

y =
4c 2V

8

But if we define

of - _
F FaB = -167¢ (178)

as the electromagnetic energy density, where

_1 .2, .2
E - 8u (E +B ) 3

then the geometric energy-momentum tensor becomes

TV o AT Ve
geo c2

and the additional forces are given by

W _Am o uv
Fr= - c2 (h g),v

We may also look at the radiation pressure predicted by the Dynamic Theory
to see how the surface restriction affects the relativistic prediction of radia-

tion pressure.
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The relativistic radiation pressure is taken as one third of the three-
dimensional Maxwell stress tensor which is the space portion of the energy-
momentum tensor, or

M o__1
TaB T Ay (EaEB * BaBB) - B8
where a,8 = 1, 2, 3.
To get the equivalent stress tensor for the Dynamic radiation pressure we
must add the space portion of (178) so that the total stress tensor becomes

I -
TaB = (EaEB + BaBB) - daBg 4 haBg

=1 _
= I (EaEB + BaBB) g (aaB + haB)
We can then obtain the negative of the trace by

- {T} = - FE% (€% + B2) - 3t - (hyq + hyy + h33)£]

e

-

== E - (hyy Fhyy h33)5]

-3

The radiation pressure is then given by

vy

h,, + h33] . (179)

P = 22

[1+ h11 +

The first term in (179) is the classical radiation pressure in electro-
dynamics. The remaining three terms give the difference between the pressure
predicted by the Dynamic Theory and the classical prediction. To determine what
this difference is let us restrict our system te again be very near equilibrium
so that the §a4 =0 foroa=20,1, 2, 3 and §44 = constant. Thus we have a flat
space. For this space the
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ho=o4 (_21)2
oo 2 a
ao X

from (163) and §44 = -1. Thus

h,, +h

2 2 2
11t th =‘“§[(i’f) + (2 +(—3})] : (180)

33
ag L ox ax ax

By substituting (180) into (179) the pressure becomes

2 2
p=£1__1[_?-11 3y __31]
3 { ag (axl) i (axz) ' (6x3) }

However, since the classical pressure is given by Pc = %-, then the pressure
predicted by the Dynamic Theory becomes

2 2
= 1 ad 9y, 2 3
Pp = P {1 - ‘?g’ [(—-lax1> - (e (B ]}.

We see then that the Dynamic Theory predicts a decrease in the radiation
pressure as a result of viewing the system to be restricteu to a four-dimensional
hypersurface embedded in a five-dimensional space. The amount of this decrease
in pressure depends upon the gradient of the mass density and the constant ag-
Once the constant ag is determined, then the deviation in predicted pressures

can be specified.

F. Field Equations
Einstein's General Theory of Relativity made possible various models of

the universe through solutions of his field equations. These solutions gave

the metric coefficients according to the various models considered. Using Weyl's
interpretations the Dynamic Theory leads to a five-dimensional set of field
equations. These equations are generalizations of Einstein's field equations
and, together with their boundary conditions will be presented here.
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1. Nonlinear Field Equations. The seven Maxwell equations may be used to
determine the gauge function for the five-dimensional manifold for an isolated
system. The remaining metric coefficients may be determined by Einstein-type
field equations. Therefore let us assume that the gauge function is simply a
constant sc that the following may concentrate upon the remaining coefficients.

We shall suppose that the metric coefficients are determined by the gravi-
tating effects of mass as is done in Einstein's Theory and, further, iF our
system is infinitely far from gravitating matter, then it will be in an equili-
brium state. Therefore the boundary conditions to be imposed is that the system
satisfy the conditions of equilibrium when far removed from gravitating matter.
In equilibrium the secord partial derivatives will be constants evaluated at
this equilibrium state. Therefore the 1imiting metric will be one with constant
This is similar to the conditions used in the Schwarzchild solu-

coefficients.
tion to Einstein's equations.
Thus our limiting metric will be

(dq”)2 = c2 dt? - (x®2 , a=1, 2, 3, 4
The field equations in a vacuum are
Rij

or

2
I ax'ax ax J

- gy L (181)

9X

where i,j =0, 1, 2, 3, 4.
Setting c = 1 and taking the trajectory to be a straight line far from grav-

itating matter leads us to assume the 1imiting form of the metric to be
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; 2
(d%)2 = (dt)? - (dar)? - r?(de)? - rPsins (a7 - L |
a
0

(Note: This involves an assumption concerning the nature of how the mass density

is affected and should be considered in detail later.)
We may further set a5 = 1 in the same sense as ¢ = 1 for further simplifi-

cation. Therefore let us adopt the form
(%) = £, (F1) (dt)? - £,(F,y)(dr)? - r(d0)? - rPsin’e (do)?
- f4(ry)(ar)? . (182)

Here the cross-product terms have been rejected due t. arguments of static

spherical symmetry and simplicity.
Suppose for the purpose of finding the functions fl’ f2' and f3 we foliow

Schwarzchild's example by setting

Substituting these into the metric of (182), the metric becomes

(dq?)2 = _e*dr)? - r2(de)? - risinde (d$)? - eV(dy)? + eM(dt)? . (183)
Thus the metric coefficients are given by

A U & o A ~ 2 ~ =_2.2
90~ » 937" 5 9y = -, g3z = -rsing

644 -V , and aij =0 fori#j

The determinant for the quadratic form of Eq. (183) is

A ~ ~ ~ A A A + --2
9 = 950911922933%4 = e V) fAinZs
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and the contravariant tensor §1J is given by the matrix

e H 0 0 0 0
0 e~ 0 0 0
gv = o 0 - —é 0 0
r
1
0 0 0 0
rzsinze
\0 0 0 0 eV

The Christoffel symbols {i§} may now be constructed and since aij =0when i #j

we have

3., 9G., 9g..:
Ly - (ly AR il Ji _ 1J

axd  ax! axt

The non-zero Christoffel symbols are then

o=z G > =7 BY L (g =g @l
G =7 G 5 Gt mz G . fppd= e,

{3§} = -re*sin% , {44} ( )e(v'l) R {Zi} = %— s
{3§} = -sin 0 cos 6 , {33} = %— s {32} = cot 6 = g?; g s
logt =3 @) g h o L @0

4, 1 v 4 1
bt =z Gr) > and (g} =7 )
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The equations for u, v, and A are then obtained by inserting the Christoffel
symbols into Eq. (181) and setting Rij = 0. This procedure yields five equa-
tions:

2 2
1,5 9 1,3 -A
[- FEh - I - 1 - T - 18 )] e(-2)
2
o[- 2 jdndy - Lo’ lan @ et -0
2 9y

2 2
23 - 2EHE + Z@}i) -1k - 1Eh G 1(3") +§(§T¥’

2 2
+[§(2—-§—)+§(—§—$— +1EE - IE G )] =) -0
Y

43y
’*[1 + (Hrd s 2. g%)} -1=0 ; (184)
sinfefe” [1 + (G %)] “1}=0 5 4 (185)
;<§g>+;<§>+§g¢2- G - 16HEH + ;3 )2

1y L 1,8%, 1,2 13y 1
e N[E 1 - dh G - ]

Equation (185) is a repetition of Eq. (184). Therefore there are only four
equations on the three functions A, u, and v to consider. This situation is
similar to the one in Schwarzchild's solution. It is relatively easy to show
that these equations reduce to Einstein's equations of Schwarzchild.

Here the solution to these equations are not obtained. However, obtaining
the solution will provide a model of the universe in which mass conversion, or
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creation, plays a free role as an independent coordinate. This picture of the
universe should produce an interesting and perhaps enlightening view of black
holes, particularly since black holes involve tremendous mass densities and mass

density changes.

2. Linearization of Field Equations. The set of differential equations
for the functions u, v, and A given in the preceding section are nonlinear equa-
tions which may prove difficult to solve. Linearizations of these equations
may provide approximate solutions that could prove useful.

The procedure to linearize the equations is identical to the process of
linearizing the general relativistic field equations. However, here the equa-
tions involve five-dimensions and we therefore obtain 15 partial differential

equations.
If we restrict our system to be sufficiently near an equilibrium state so

that the metric tensor differs only slightly from the flat-space metric for the
equilibrium state, then we may write the metric tensor as the flat-space tensor

Nij given by

-1 0 0 0 0
0 -1 0 0 0
N = 0 0 -1 0 0
0 0 0 -1 0
0 0 0 0 -1

Where the five-dimensional Minkowski coordinates ict, x, y, z, El are used for
simplicity, plus a perturbation term egij so that 0

+ €&, s 1,j=0,1,2,3,4 ,

g.. =1, i

ij ij
then only the first-order terms in the parameter ¢ are to be considered as sig-

nificant in all equations.
By following the same procedures as in the relativistic case the linearized

partial differential equations for the 15 distinct perturbaticn terms Yi3 my
be found to be
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4
3 . 9E,. BE..
g, -2 % [ e 2 ‘j{]= 0 . (186)

2
i i
X X X

d

4
adax! 2=0 2=0 X

The only difference between Eqs. (186) and the linearized relativistic
equations is the increased dimensjonality which results in summing over the five
coordinates and allowing the indices to range over five dimensions instead of
the four used in the general relativistic approach.

IV. CONCLUSIONS

The generality of the fundamental Taws adopted by the Dynamic Theory makes
it possible to arrive at a great number of conclusions. However, only a few
will be selected for discussion here.

The first question which provided the motivation to seek a new theoretical
approach to physics concerned the uniqueness of the velocity of light as a
Timiting velocity for all natural forces. The answer is provided by the axio-
matic development of the second law. This development produced an integrating
factor for the differential statement of the first law. A ~haracteristic veloc-
ity was shown to exist in the definition of the absolute velocity. That absolute
velocity is given by a constant velocity process at which the integrating factor
is zero. The important point in the development which provides the answer to
the uniqueness of the velocity is the proof that the integrating factor is in-
dependent of the nature of the force. Therefore, if the absolute velocity is
independent of the force, it must be applicable to all forces and hence unique.

Since by definition the absolute velocity is a constant in one reference
frame, it must also be a constant in any other reference frame moving with a
constant velocity relative to the first. Thus the absolute velocity must be
unique a~d a constant in all reference frames moving with constant relative
velocities. The experimental and theoretical evidence of electromagnetism re-
quires that this absolute velocity be the same value in all these reference
frames. This requirement leads to the princip’2 of Lorentz covariance. Then
all the Taws of nature must be Lorentz covariant whether electromagnetic, gravi-
tational, or nuclear since the absolute velocity is unique and independent of

the force.
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We find that the appearance of the integrating factor also clgrifies the
relationship between the velocity dependent relativistic mass and velocity depen-
dent forces. In Einstein'’s Special Theory of Relativity we find it necessary to
consider a velocity dependent relativistic mass and a velocity independent force.
However, in the Dynamic Theory there appear two differential expressions which
become important for any system description. The first differential expression
is the first law itself, which, in simplified form is

mg di ~ /A - §2/c? F(q) dq

The other is the expression for the differential change in mechanical entropy or

dE

ds = —999 _ _ F(q) dg
1 - éZ/CZ

The integral of dE depends upon the path and therefore is of little utility
in determining the actual process, or path, taken by the system. On the other
hand, the entropy is independent of the path. This characteristic together with
the principle of increasing entropy for an isolated system establishes tha varia-
tional principle for determining the path. Since the objective of dynamics is
to find the path taken, then it becomes obvious that the differential expression
for the entropy change plays a dominant role and it is in this expression that
we find Einstein's velocity dependent relativistic mass and a velocity indepen-
dent force. However, from the Dynamic Theory's point of view the first law
describes "reality" and here we find velocity dependent forces and mass that

are independent of the velocity.

Thus we find that the Dynamic Theory requires that the kinetic energy, which
comes from the energy expression, to be the classical kinetic energy, or(%) m&z,
while from the entropy expression comes a function, -mc2 - ﬁ2/c2, which may
be called the "kinetic entropy." In this manner the Dynamic Theory clarifies
the mental controversy which motivated it. For from this viewpoint kinetic
energy does not depend upon the value of the l}miting velocity; kinetic entropy

does. The two are distinct concepts, however, the distinction can not be seen
from a relativistic point of view.
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Though the philosophy which formed the basis for the development of the
Dynamic Theory made it necessary to set aside the fundamental postulates of
Einstein's relativistic theories and Newtonian laws and begin to establish a
new theoretical basis, we find that the Dynamic Theory requires the same conclu-
sions as special cases. Therefore the viewpoint of the Dynamic Theory, which
appeared incompatible with current theories, not only supports current theories
but lends them additional strength from its more general approach. The concept
of a 1imiting velocity takes on a new, more fundamental, character as the mech-
anical counterpart to thermodynami.'s absolute zero temperature. Yet because
of the different point of view this 1limiting velocity does not have the absolute
character attributed to it in relativistic theory for we find that its value
depends upon the dimensicnality of the system.

When the metric provided by the stability conditions is considered, we find
that the Dynamic Theory, through the second law, specifies the geometry which
must be considered. This removes the necessity of assuming a particular geo-
metric character and, for an isolated system specifies the type of geometry which
can satisfy the principle of increasing entropy. Using Weyl's interpretations
from his unified field theory we find that the Dynamic Theory answers some ques-
tions that Weyl's theory leaves unanswered or introduces.

First recall that Weyl assumed the existence of a quadratic and 1inear dif-
ferential form. The Dynamic Theory produces two quadratic, plus a linear, dif-
ferential forms for isolated systems and it is the interplay of these three forms
which provide the answers. Weyl's theory raised a question concerning integra-
bility and Einstein produced an argument which indicated that Weyl's theory would
not produce the sharp spectral lines we see from atoms changing states. Weyl
only had one quadratic form. The Dynamic Theory has two; one an entropy mani-
fold, which yields an integrable arc length of entropy, the other manifold is
related to it by the gauge function. Thus the second law requires that the en-
tropy manifold have an integrable arc length though the other may not and in
that event the gauge function behaves like an integrating factor.

An additional feature of the interrelation of the three differential forms
lies in its ability to shed new 1light upon the existence of both positive and
negative electromagnetic charges. Weyl's theory, as well as Maxwell's leaves
this question unanswered. Weyl defined the potentials bs which are the coef-
ficients of the linear differential form, as
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= g2t
27, K

where f is the gauge function. Though the gauge function relates Weyl's "dis-
tance measures" £ and % by

22 =F 42

Weyl did not take the potentials to be logarithmic derivatives of a radical func-
tion. As a result, he pointed out that one way of accounting for the difference
between positive and negative electricity would be to introduce a radical some-

where,
The Dynamic Theory requires that the entropy manifold be related to the

sigma manifold by

(d9%)? = (do)?

Here the principle of increasing entropy pirovides the variational principle hence
there is added significance in considering the differential change in entropy

or
dg® = £1/2 g

Thus the only mathematically consistent definition for o is

ainf
k

|

¢k=i

thereby accounting for the existence of both positive and negative electromag-
netic potentials.

The recognition of the existence of the radical together with the fact that
the second law demands a real function for the entropy since dq0 > 0 for an
isolated system provides the capability to remove London's difficulty with imag-
inary distances in his quantization of Weyl's theory. This coupled with the

165



logical demand, by the Dynamic Theory, for the conditions resulting in quantiza-
tion demonstrate the power of the theory to unify the whole of physical theory
under the umbrella of a single set of generalized laws.

The real power of the theory begins to make its appearance when some of
the restrictions are relaxed. This is demonstrated here by considering a thermo-
dynamic work term in the first law together with three mechanical work terms.

For it is here that forces with the appearance of nuclear forces appears. These
forces come from the action of new field quantities appearing as the fifth-
dimensional components of the gauge field. Though these field components first
appear in an interrelationship with the classical electromagnetic fields it is
the quantizaticn that provides the connection of the field quantities with
nuclear properties. The connection shows up first in the prediction of anomalous
magnetic moments but gains additional support from the appearance of three spin
vectors that become necessary to complete a set of commuting observables.

Thus the Dynamic Theory offers the hope of including nuclear theory and
elementary particle theory within the same unified structure. Two aspects from
this approach seem particularly significant in their support of this contention.
One is the appearance of octets as the number of allowed combinations of funda-
mental eigenvalues for the components of the three spin vectors. The other is
the necessity for one of the vectors to be a four-dimensioral spin vector instead
of being a three-dimensional one. Could this not be the additional freedom
necessary to include the newly discovered elementary particles within the same
theoretical framework as the others?

When mass conservative systems are considered, the theory offers new views
of several different physical phenomena. First, there is the viscous effect
of the geometry of a four-dimensional hypersurface embedded by mass conservation
into the five-dimensional manifold. This allows the prediction of thickened
shock fronts.

Another phenomenon which appears under a new light in the Dynamic Theory
is the electromagnetic containment of an ionized plasma. This should prove to
be of considerable benefit when applied to a fusion reactor. For here the theory
gives a geumetric view of a hypersurface embedded into a five-dimensional space
until such time as mass conversion begins to take place then the system descrip-
tion becomes one given by the five equations of motion in the full five-

dimensional space.
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It is here that the concept of limiting rate of mass conversion becomes
prominent. This limiting rate stands as a fundamental concept with the same
character as the speed of light in relativistic theoriés and within this theory
where mass conservation applies. As far as is known, the prediction of the
existence of a limiting rate of mass conversion is original. However, the manner
in which it appears within the theory is identical with the manner in which the
limiting, or absolute, velocity appears, namely as the result of applying the
third law. Further, this coincides with the classical appearance of the absolute
zero temperature as a limiting value. Thus from the Dynamic Theory's point of
view the concept of a limiting rate of mass conversion is just as fundamental
as the concept of a 1imiting temperature or velocity.

On the other hand the existence of a limiting rate of mass conversion seems
intuitively pleasing. For if we accept the notion that something cannot travel
with infinite velocity, it seems only reasonable to believe that mass may not
be converted instantaneously.

The third law establishes a 1imiting value of the time rate of change of
one of the coordinates, or variables, by the integrating factor going to zero.
Then for a system near equilibrium, so that a flat space may be considered, the

integrating factor goes to zero when

2 2
1 = g?_+ % (187)
c”  ac

12 22 32
where vy = dy/dt and v2 = (gng + (ggf) + (gﬁf . Thus the limiting rate of

mass conversion depends upon the velocity since, from Eq. (187)

(188)

e
1]
i+
1)
o
(9]
—
1
O <
rol <o

Therefore the maximum rate of mass conversion occurs when v = 0 and then it may
be seen that the 1imiting rate of mass conversion is given by Qmax = apc. The
Timiting rate is specified for a particle which is sitting still, or for v = 0.
However, on the other hand if v = ¢, then there can be no mass conversion. This
might be better seen from another view. A system, which we might consider as a
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particle, finds itself limited in how fast its mass may change {to be concise

we should say "mass density") by the relativistic appearing Eq. (188). On

the other hand the speed of light, c, represents a 1imiting velocity and the
arguments of special relativity may be reproduced here to show that, for a par-
ticle beginning with a velocity less than c, no massive particle may be accelera-
ted to the speed of light. Here we find the further conclusion that a particle
may not be created and have a velocity equal to ¢ upon creation.

Notice that in the argument above we hedged a little when comparing the
argument to an argument based upon Linstein's special theory. The reason for
this comes from an important difference between the theories. Einstein's theory
is restricted to the four-dimensional world of space-time. Thus it seems rea-
sonable to conclude that if something cannot be accelerated up to the speed of
light, then nothing can exist at a velocity greater than the speed of 1ight.
This logic, howevsr, contains the pitfall of inductive reasoning. The trap
appears, not so much in the logic of the Special Theory, as in the limitations
imposed by the nature of Einstein's postulates. By this I mean that by adopting
Einstein's postulates we are limited to a four-dimensional world and must rule
out solutions with velocities greater than the speed of light.

If, on the other hand, we look at the Dynamic Theory, we find that the
theory is not restricted to any number of independent variables, or dimension-
ality. Further, we find that the limiting effect of the third law does not
exclude solutions with velocities greater than the speed of 1ight but, in the
four-dimensional case, rather rules out solutions with velocities which cross
the absolute velocity. This means that within the Dynamic Theory solutions may
exist for particles with velocity greater than the speed of light.

The next question might well be, if velocities greater than the speed of
1ight are allowaed, how might they be obtained? Obviously, the allowance of these
velocities as solutjons does not necessarily mean that they can be obtained.
Here we find the generality of the Dynamic Theory coming into the picture. It
allows a fifth dimension. Equations (187) and (188) were written for a system
restricted to remain very near equilibrium so that a flat, or Euclidean, space
may be used. Suppose we remove this restriction so that we must consider a
curved space. However, suppose that we relax this restriction in a very partic-
ular fashion. Let us suppose that the only non-constant metric element is §44.
Then Eq. (187), which is the conditions for the vanishing of the integrating
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factor, may be written,

~ '2
2 Gaa Y
1-!7'“9'3—2—” ) (189)
[ aoc

where §44 may depend upon position and mass density. Then solving for the veloc-
ity which drives the integrating factor to zero we find

9aa Y
=+c¥l - 44 . (190)

Now suppose we define the speed of light to be the velocity for which the inte-
grating factor goes to zero. This definition is consistent with Einstein's
definition of light waves traveling along a null trajectory in the four-
dimensional space-time manifold. However, in the five-dimensional manifold of
the Dynamic Theory this speed of 1light depends upon the rate of mass conversion
and the metric element §44.

Obviously, if §44 is negative, then the limiting velocity, Vo> exceeds the
absolute zero velocity c, which now may be defined as the Timiting velocity in
the absence of mass conversion. Thus the attainment of solutions with velocities
which are greater than ¢ depends upon the possibility that the metric element
§44 be less than zero.

For cosmological modeling the Dynamic Theory offers the possibility of zero
radiation pressure boundary conditions. Further, the theory may offer new
insights on black holes. Black holes are considered to have tremendous mass
densities and seem to be appropriate for the application of the theory. Further
Justification of the theory's applicability to black holes comes from the recent
appearance in the literature of the need to talk of a generalized second law.
This generalization appears as a particular combination of the thermodynamic
entropy and an area of a black hole.

To quote Wald*, "The generalized second law is a truly remarkable law in
that it involves three rather distinct fields of physics: thermodynamics,

*dald, R., 1977, Particle Creation Near Black Holes, Scientifijc American.
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general relativity. and quantum theory. Is it merely a strange coincidence that
this new law appears to be true, or is there some deep, fundamental significance
behind it which we do not yet fully appreciate? At the present, I do not feel
that we can answer this question." The Dynamic Theory offers an answer for it
shows that there is no coincidence in finding a second law involving these three
theories to be seen to hold. Indeed that is just what it predicts. The unifica-
tion of the different physical theories by the adoption of the three generalized
laws points out the fundamental significance of a generalized second law.

It thus seems appropriate to offer three further quotes: "The ultimate
aim of many theoretical physicists is, first, to define more precisely the range
of validity of the currently known laws of physics and, then, to find the new
laws of physics that govern the phenomena outside this range. The discovery
of such new laws is generally accompanied by a major breakthrough in our under-
standing of nature." (R. Wald, 1977) "If we wish to find in rational mechanics
an a priori foundation for the principles of thermodynamics, we must seek mech-
anical definitions of temperature and entropy.” (J. W. Gibbs) ™A Theory is
the more impressive the greater the simplicity of its premises are, the more
different kinds of things it relates, and the more extended is its area of
applicability. Therefore, the deep impression that classical thermodynamics
made upon me. It is the only physical theory of universal content concerning
which I am convinced that, within the framework of applicability of its basic
concepts, it will never be overthrown." (A. Einstein, 1949). So the Dynamic
Theory, as a new view of space, time, and matter, appears to me.
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