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Abstract

The laws of classical mechanics, electromegnetics, quantum mechanics and
thermodynamics and the basic structures of fundamental particles are
derived from an arrangement of the physicel parameters space, time, mass
and charge as a group of order L.

(1) Forces and Particles

The two aims of fundemental physics are to explain the laws governing the.
forces of nature and to account for the existence of the fundamental
particles. It is generally believed that these aims are closely related
and progress has been made by describing both forces and particles in

terms of unifying symmetries. Symmetry appears to be the key to unification,

but the most fundamental symmetry is not that between the forces or the
particles, for these symmetries do not explain the description of both
forces and particles in terms of the apparently arbitrary parameters space,
time, mass and charge. 1In fact, there is evidence for an entirely new
symnetry between these parameters which is responsible for all the individusl
symmetries between forces and particles and which is the unifying prineiple
for 211 the laws of physies.

(2) The Laws of Physics

In physics, inferences are made from observations of a particular kind.

The observations are numerical measurements whose significance only becomes
apparent when they are applied to physicsal laws which have a specifically
mathematical form. The components of these mathematical expressions are
described as physical parameters and all physical measurements are made with
the object of supplying particular numericsal values for these parameters.

Now,; certain physical laws have long been recognised as more fundemental
than all the others. Classical mechanics, electromagnetics and quantum
mechanics, which between them account for nearly the whole of phy51cs, are
founded on only a few general principles. It is one of the main aims of

contemporary physics to unify these fundamental laws in a comprehensive
system.

In the past, attention has been focused directly on the laws themselves and
on their mathematical form; unification has been assumed to result in
expressions of increasing mathematical complexity, introduced arbitrarily,

as in the case of general relativity. However, all the really fundamental
laws are, intrinsically, statements about the properties and relationships
of a few equally fundamental parameters, namely space, time, mass and charge.
These parameters have distinet characteristics, which are certainly not
arbitrary since they are used to provide consistently successful results in
physical theories, yet it is the practice of physiecists to regard them as
elementary components of physical laws whose origin is inexplicable. 1In
fact, however, they are neither elementary nor inexplicable and they are
much more significant in principle than the laws of physics, for every single

law of physics, whatever its mathematical form, can be derived entirely from
a structural grouping of only these four basic parameters.
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Theoreticsal physics has failed to find a true unification becsause it has
merely assumed the existence ad hoc of space, time, mass and charge and

has not discovered why we usée such parameters to make measurements. Because
this question has remained unanswered, physicists have attempted & funda- -
mental unification of physics without knowledge of the fundamentals. The

laws of physics are only secondary properties of this fundamental structural
unit of all physics and knowledge based only on them is necessarily incomplete.

(3) The Physical Parameters

The fundamental parameters of classical mechanics, electromagnetics and quantum
mechanics are space, time, mass and charge. The laws of strong and weak
nuclear interactions would seem to require two other parameters, of a similar
nature to charge, but we can instead redefine our concept of charge to refer

to the source of any nongravitational interaction. We can say that there

are three types of charge or three "dimensions" of charge.

Now, although we think of physical parameters as objects of measurement, it

is a remarksble fact that the only method of direct measurement is through

the parameter space. Measurement of space involves an element of enumeration
or division into a finite number of discrete components; it is a counting
process, based on the series of natural numbers or integers, and, although

we can choose the grain sizZe of space to be indefinitely large or small

(because it is not a conserved quantity), we cennot alter the method of its
measurement. It is, of course, possible also to deseribe the measurement

of time as a counting process; thus we measure time by the number of repet-
itions of a regular periodic event such as the osecillations of a steel spring
or a quartz crystal or the revolution of the earth; however, all these measure-
ments of time are really inferences from direct measurements of space; time

is only measurable under the special conditions which preveil when a particular
force is assumed to cause an object to traverse a certain distance with complete
regularity; we measure distances and make assumptions about the forces acting
to convert them into fixed time intervals. Measurements of mass and charge

are also, ultimately, measurements of space; we have even less knowledge of
these quantities than we have of time; their presence is only inferred when
they interact to produce forces, which are, of course, only known through
measurements of space and time. :

It may seem obvious, in view of its unique capacity for direct measurement,

to describe space as a real parameter, that is one to which we assign real
number values in physical equations. However, it is probably less obvious
that other parameters are not necessarily real in this sense. Thus, if time
were imaginary, we could easily explain the appearance of the term (ict)? in
the lL-vector equation 5 5 5 5

r mx +y +3z + (ict)

and also discover why time is always measured through the effects of force and
acceleration (as t¢) and never through the effects of motion (as t). We
could also find a similar distinction between mass and charge. Thus masses
are always positive whereas charges are either positive or negative; the
force between identical masses is attractive (positive), whereas that between
identical charges is repulsive (negative) (the signs are reversed by convention);
these facts could be explained simply by assigning only real values to mass
and only imsginary values to charge. The imaginary nature of charge would
explain why every particle has an antiparticle which has an identical mass

but which behaves in the opposite sense in strong, weak and electromagnetiec
interactions; in mathematical terms +i and-i are indistinguishable and so

there must be both positive and negative solutions to all equations involving
them,

Thus we postulate that the parameters have the following properties:



space real

time imaginary
mass real |
charge imaginary

This real-imaginary division does not, of course, specify all the properties
of the parameters which we can discover in this direct way. Thus mass and
charge have a property in common. According to two of the most fundamental
laws of physics, mass and charge are conserved within any physical system.
Space and time, of course, are not. It is possible to make any number of
measurements of space and time which are each separate and individusl
operations. It would, therefore, be mesningless to discuss the conser-
vation of spece and time. On the other hand, we carmot make separate and
individual determinations of mass and charge. Even though we can assume
the existence of individual masses and charges, we can only determine their
effects, and even their presence, by their interactions with each other;

we can only know the total effect of a mass or charge by its mutusl effect
on all other masses or charges. It seems that not only are mass and charge
opposite to space and time in terms of conservation, but also in all related
properties.,

The table of parameters now becomss:

space real nonconserved
time imaginary nonconserved
mass ‘real conserved
charge imaginary conserved

Tt begins to look as ify, to complete the symmetry, there might be a property
which is common to space and charge, and an opposite property which is
common to time and mass, and indeed there is. Space is three-dimensional
and denumerable (which means that it is measured by a counting process) and
So also is charge, for there are three types of charge and each exists in
individual units., Time and mass are both one-dimensional and also non-
denumerable, for time is a continuum measursble only when a periodically
discontinuous function of distance, and mass has a continuum of wvalues
determined only through the forces which represent the interaction of all
masses. There are no real point-masses in physical systems,

Now, it would seem likely that the properties of dimensionality and derum-
erability are related and that the presence of one necessarily implies the
presence of the other. It is significant that the dimensions of space (and
those of charge in forces) are combined as squares according to the
Pythagorean equation. This equation seems to offer, for Spacey an equally
valid alternative method of combination of individual integral measurements
to that of the direct addition used in the ordinary measurement of distances,
end it is unique in this respect, for the Pythsgerean integers are a unique
series; it also introduces the unique directional or vector properties of
space. For charge, it offers a combination of imaginary numbers as real
values. The Pythagorean equation requires the existence of independent
systems of measurement, or dimensions, for both space and charge. Charge
is an imaginary quentity and the minimum number of independent imaginary
numbers in the simplest possible system (the quaternions) is three, and so

there must be at least three dimensions of charge, and, by analogy, three
dimensions of space.

(L) A Group of Order )

Assigning the arbitrary symbols 4s, +b, #c to the properties of Space, the
complete table of the properties of the parsmeters now becomes:



L

space real nonconserved denumerable (3-D) +a +b +¢
time imaginary nonconserved nondenumerable -2 +b -¢c
mass real conserved nondenumerable +a =b -¢
charge imaginary conserved denumerable (3-D) |-a -b +c

It may now be apparent that space, time, mass end charge form a noncyelic
group of order L (D2), with the multiplication table as set out below:

¥* |space. time mass charge
space space time mass charge
time time space charge mass
mass mass charge space time
charge |charge mass time space

The multiplication rule for this group would bes

48 ¥ 4 = g ¥ g = 4g
+8 ¥ =g =3 =g H* +5 = =g

and similarly for b and ¢. Here, space is the identity element, though the
symbols could be rearranged to assign -this property to any of the other para-
meters; each element is its own inverse; and the multiplication rule identifies
the group as Abelian. D2 is the simplest group with dihedral symmetry; the
only simpler groups are cyclic eand, except for €2, do not preserve the inter-
changesbility of the elements.

The group accommodates sll the known properties of the physical parameters

and is the fundsmental physical fact on which &1l the laws of physies are
ultimately based; they can now be shown to be essentially secondery effects

or particular cases derived from it. The laws of physies suggest how infor-
mation from the parameters must be organized to fulfil their individual prop-
erties; they arise because information from the parameter group is both

exclusive and governed by the absolute symmetry which exists between its elements.
The descriptions of parameters as "real", "conserved" or "denumerable" are the
immediately identifiable aspects of a physically complex but mathematically simple
symmetric system.

We can be certain that such an extraordinary and unexpected symmetry between
the physical parameters is not accidental, and that it must be related to the
fact that space is the only parameter used in direct measurement. Without

" going into extensive speculation, it is possible to see this as an example of

the fact that universal reality does not have the characteristics or properties

-of any particular part of it. It is neither entirely measursble nor un-
measurable, discontinuous or continmuocus, resl or imaginary. Physical parameters

are assumed to be universally appliceble. To ensure this we must create a
system in which every characteristic of one parameter is countered by the
existence of some opposite characteristiec in another. The actusal character-
isties of the parameters are then determined by the fact that we want to create
a universal system of measurement. OSpace has all the properties required of e
parameter of measurement - it is real, can be applied separately in individual
situations (not conserved, or of varying grain size), and denumerable. The
other parameters exist to ensure that the universsl spplication of this

paremeter of measurement does not impose its characteristics on reality as a
whole.

(5) Classical Mechanics

There are only three really fundamental principles of classical mechanies: the
definition of forece and the statements that the vector sum of the foreces in

eny system and the divergence of the gravitational field due to a distribution
of masses are both zero. These are, respectively, Newton's second and third
laws of motion eand law of gravitation. All other laws and principles, including
conservation of energy, momentum and angular momentum, which respectively



express the translation symmetry of time and the translational end rota=-

tional symmetry of space in dynamical systems, are derived from or contained
within these.

Essential to classical mechanics is the distinetion between mass and charge
as required by the parameter group. Mass and charge have the common property
of conservation; this means, also, that, unlike measurements of space and
time, we can only determine the measurable effects of any mass or charge by
its mutual effect on all other masses or charges. Mass and charge, however,
are different in 811 other respects. Charges are denumerable and so exist
as localized units; they can be positive or negative individually and so it
is possible to have a zero local charge. Masses, on the other hand, are not
denumerable; they represent a true continuvum of interaction,which means that
it is impossible to define a system excluding mass. (This is why systems
with negative, and consequently zero, masses are never found in nature.)
Classical mechanics defines the laws of those systems with zero charge.

Let us, therefore, imagine a system with a single mass (or infinitesimal element
of a mass distribution) and no charge. We know that the effect of a mass is
determined by that of all other masses; we also know that the conservation of
space and time is not intrinsiec to the system, so that we may include within

the system a varying space and time of which we have independent knowledge.
Since the information provided by the parameter group is, by definition,
exclusive, we have here the full description of the system., Now, since we
must know the effect of all other masses on the mass in our system to know

that we have a system at all and since we can only know the variation of

space and time, then it follows that the effect of all other masses on the

mass in our system is directly expressed by the known variation of space and
time.

The characteristics of each parameter impose particular restrictions on this
variation of space and time. The effect of other masses on the mass of our
system cannot be arbitrary even though individual variastions of space and
time are; the only way to avoid this difficulty is to suppose that the effect
makes one parameter vary with respect to the other. 1In fact, because space
mst remain vector additive (via the Pythagorean equation), for direct
measurement we make space (x) vary with respect to time (4) by defining a new
quantity, velocity (dx/dt), whose differentisl form reflects the continuous
nature of the interaction of masses. However, since we must have a real
quantity to express the directly available information concerming the inter-
action of masses, then we cannot use an imaginary differential such as
velocity. Imaginary information is not directly available and can only be
recovered if it is related to real informat&on. Wey therefore, have to
define a real differential, acceleration (d x/dt2 ) which is at once directly
accessible and which retains the vector properties of space and the continuum
properties of time. This, then, is the quantity which describes the effect

of the mass continuum (or, indeed, any other external factor) on the 1solated
mass of our system.

However, it is still necessary to ensure that the system conserves mass.
Space and time are still the only variable parameters, that is ones of which
we have direct knowledge. Since, as nonconserved quantities, they are
intrinsicelly arbitrary, they give no information about the actual mass (m)
of the system and do not specify that this quantity is conserved; accele-
ration is independent of mass because we have no direct knowledge of mass.
However, the conservation of mess must be specified at all times in any
system which we care to define. In effect, the mass m must be sssociated

at all times with the quantity which we measure as scceleration., Mathematicsl-
ly, this_is accomplished by defining a quantity which is their product, force
(md2x/dt?) (a formulation which also ensures that mass remains en additive

quantity). This definition is, of course, Newton's second law of motion.
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Of course, we cannot have direct knowledge of a force because we have no

direct knowledge of mass, and we could not define such a quantity to exist

if this knowledge was not svailable in some form. A system cannot be

posited to contain information that cennot be discovered. However, we can
define that the total of such a quantity within a system is zero, and such a
definition would ensure that the mass of the system is conserved. This,
indeed, is Newton's third law of motion - to every action there is an equal

and opposite reaction -~ and, for the interaction of maesses, it is an expression
of their mutual attraction. There is an equal and opposite force between the
mass of the system and all external masses; this interaction is attractive
because the acceleration is in the same direction as the space vector. Newton's
second and third laws of motion relate directly to the translational and
rotational symmetries of space and time which are responsible for the conser-
vation laws of energy, momentum and angular momentum.

Now, if we had a system containing several masses, there would be a series of
interactions, producing an acceleration in each mass which would depend, not
on its own value, but on that of all the others. The acceleration produced
in a mass of any value at any point in space would be described as the gravi-
tational field (g) at that point. Since such accelerations are additive
vectorially, then this total gravitational field would be the vector sum of
all the gracitational fields (gn) which would result if each mass was imegined
to be alone in empty space and responsible for its component of gravitational
field. However, if we had a single isolated mass in empty space, we would

be unsable to detect any variation of its gravitational field with respect to
the coordinates of space, because, if any such variation existed, then we would
be able to detect the presence of mass independently of other masses.  Again,
we would be positing the existence of information that could not be discovered
(acceleration must be independent of mess yet inconceivable without it), and
again we can avold this difficulty by equating the information to zero. In
mathematical terms, we cen express this by the eguation

Vo gn- Do

In the absence of other masses, gp, which defines the nature of the mass, is
unlfnown as a paremeter with any relation to physical measurement. We cannot
discover the position, or even the presence, of this mass in space. In
classical mechanics, the vector g, is expressed in terms of a scalar potential
¢n’ where

5 ®n % T V'9611'
Thus Vg =0

and, summing all the individual potentials for a distribution of masses in
space, we arrive at Laplace's equation

VP = -V.e=o.

On integration and spplication of the principle of mutual interaction of
masses, this equation yields Newton's inverse square law of gravitation.

(6) Electromagnetics

Since mass is a universal component of physical systems, a system containing
charges must also contain masses. The addition of charges to a system adds
no new direct information but it does add,a new requirement; we must know
how the charges in any system interact with all others; and we can only know
of this effect through the concepts of force and acceleration. The inter-
action of charges must, therefore, be analagous to that of masses and must be
so defined as to include the effects of the mass of the system., We thus
define an electric field E and electric (scalar) potential V by analogy with
the grevitational terms g and ¢ s the electric field at any point being the



force which would be exerted on a unit charge at that point. By analogy

with gravitation, we can say that, for a system of localized stationary
charges

V. E = = v 2 T=0

and hence the law of foree between individual charges would be inverse
square.

By this definition, we unavoidebly create a situation in which masses and
charges become numercially related. The result of this may be discovered
if we examine the group-multiplication properties of each of the parameters.
In terms of group division, we inveriably find that

mass/charge = space/time

or its inverse (since each element of the group is its own inverse). It
seems that, in order to preserve the complete symmetry of the group, we must
introduce a fixed relation between space and time whenever we have one between
mass and charge. Thus, we introduce the term ¢ (the velocity of light) and
the li-vector system for the space-time manifold

r2 = x2 + yg + z2 + (ict)2

as the symmetrical complement to the full quaternion (1, i, j, k) representat-
ion of the sum of the forces, in absolute units and over unit distence, due to
mass (m) and electromagnetic (e), strong (s) and weak (w) charges

F o= m° + (ie)% + (§5)° + (w)?

The constancy of c¢ is, of course, a fundamental component of its definition;

it depends on the constancy of the value of a unit of charge; if this were
increased, for example, then c would decrease.

In physical terms, the lL-vector system acts as an expression of the finite
time of interaction on our knowledge of a charge's location, and leads to a
new equation for the variastion of electric potential for a system of non-
stationary charges in free space: '

O%=(-V2+1,22) v = o
2
In fact, the Li-vector system and the inverse-square law for static charges
are, together with the laws of force derived from classical mechanics, all
the principles we need to be able to derive by standard arguments all the
laws of electromagnetics: namely Maxwell's equations, the Lorentz trans-
formations and the equivalence of mass and energy.

(7) Special Relativity and Conservation of Energy

The Lorentz transformations are derived by defining a velocity of light which
is constant in gll frames of reference. The symmetry of space and time
requires only that ¢ is constant in empty space; there is no fundamental
resson for assuming that it is invariant. Experimentel evidence, including
a series of observations of the light from double stars, shows that the
velocity of light is independent of the velocity of its scurce, but it may
yet be dependent on that of the observer. (This possibility cannot be ruled
out until there is a direct comparison of measurements taken at different
speeds; indirect tests, such as the Michelson-Morley experiment, can be
explained without assuming the ¢ invariance.) In the latter case, the
behaviour of fundamental particles, which originate as energy states of
charge-induced fields, would be identical to that described by the Lorentz
transformations with invariant e:; particles would still be "relativistie"
in the mathematicel sense.
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According to some expositions, special relativity is distinguished from
Newtonian mechanics by its recognition of the fact that the velocity of

light is finite. However, Newtonian mechsnics does not sgy that the velocity
of light is infinite; only that the velocity of propagation of gravity is
infinite. Special relativity is usually described in terms of a kinemat-
ical argument in which the time of events is determined by the speed of |
light signals. The concepts of length and time are deseribed in operational
terms., However, as we have seen, the properties of electromagnetic systems
are independent of these kinematic considerations; the Lorentz transormat-
ions can be derived, if required, simply from the known symmetry of space and
time.

Certainly, if we teke an operational definition of length and time, we may
actually be using light signals to determine space-time coordinates in dynamical
systems. However, we must make a distinction between those systems in which
there is an intrinsic li-vector relation between space and time and those in
which this relation occurs accidentally because we have measured space and

time through an intrinsic L-vector (typically, an electromagnetic) system

with the additional assumption that ¢ is invariant; the kinematical arguments
of special relativity are a description of such accidental effects, since they
do not derive from direct considerations of l~-vector systems. Thusy planetary
positions may be determined by using an electromagnetic method of measurement
and hence an electromagnetic space-time, but this does not mean that such a
space-time is intrinsic to the dynamics of planetary orbits. The differences
between the operational and sbsolute space-times may produce apparent effects
which would otherwise be accepted as evidence of non-Newtonian behaviour in
gravitational systems,

The derivation of the lLi-vector system from first prineciples means that the
Strictly kinematical postulates of special relaticity are unnecessery. There
is no evidence, in any case, that the Lorentz transformations apply to anything
other than systems containing charges; all the experiments adduced as support
of special relativity rely on an application of Maxwell's equations. There is,
in fact, a fundamental reason for believing that they do not apply to the
gravitational interaction. Charges are by definition localized units, their
interactions taking place over a finite time, but masses are a true continuum
of interaction and the gravitational force must, therefore, be instantaneous.
This could be deduced from the property of group mltiplication; fer systems
in which charge is zero, the space/time ratio must be infinite. This is the
Newtonian position and it is not affected by whether the velocity of light,
which is relevant only to electromagnetic-type systems, is finite or even
invariant. -

A corollary of this property of gravitational systems is the fact that the mass
associated with gravitational energy, as defined by E/cz, mist be zero. In
cases where there is no intrinsic connection between space and time, there can
be none between mass and energy. In fact, the fixgd relation between mass and
energy, which is represented by the equation E = mc“, is really the result of a
fixed relation between the fundamental parameters mass and time (since we associate
conservation of energy with symmetry under time translation); such connections
would be expected between every pair of parameters within the group, once the
relationship between any single pair (mass and charge in the case of electro-
magnetism) had been established. Certainly, given such a connection, we can
establish that the correct mathematical form ’of the relationship is given by
Em mc2, but it is especially significant that this equation is not derived by
special relativity, but rather defined. Special relativity does not prove,

by any compelling mathematical argument that there must be such a relationship
between mass and energy, only that any such relationship must be of this
particular form, if it exists., There is every reason to believe that it exists




for all electromagnetic-type systems, including all systems involving
fundamental particles, but we do not know that it exists for 81l systems.

If we accept this argument it will be necessary to ensure that the inter-
conversion of mass and energy is strictly defined to apply only to
electromagnetic and other h-vector systems and not to those involving
gravitational potential. This should be possible since both types of
system are individually conservative (gravitational and electromagnetic
systems are frequently coupled in physical processes but their total
energies are not really subject to interconversion) and if it were establi-
shed we could then remove both the nonlinearity of the gravitational field
required by general relativity and the related concept of the infinite
gravitational collapse to a black hole of a body of size less than the
Schwarzschild radius. Such concepts have always implied that energy and
mass_conservation could be violated in black holes whereas the relation
E=mc“ was originally introduced tc preserve both.

{(8) Gravitation end Inertia

With the derivation of the laws of classical mechanies from first principles
there is no problem in identifying gravitational with inertial mass. The
properties of inertia and grsvitation are both fundamental aspects of the
original definition of mass as a parameter and it is not necessary to look
for phenomenological explanations such as those relating gravitation to the
"inertial forces" produced by accelerating frames of reference. The "weak"
principle of equivalence, equating gravitational and inertial effects on a
purely local scale, is, of course, an obvious consequence of the identification
of the gravitational and inertial masses but it is only of phenomenological
significance if we also accept the general principle of relativity that all
physicel phenomena obey the same lsws for all observers whether in inertisl or
in accelerating frames. 1In fact the success of the restricted principle that
all the laws of physics are covariant with respect to transormations between
inertial frames or esre the same for all inertial observers need not neces-
sarily lead us to any generalised version, for there is a fundamental reason
why these particular frames or observers should be distinguished from all
others. This is that the absolute velocity of inertial frames has no
physicel meaning because it is an imaginary quantity, whereas the absolute
acceleration of noninertial frames has an exact physical meaning because it
is real. There is now no mystery behind the faet that, on the Newtonian
explanation velocity through absolute space camnot be detected whereas

acceleration can,and there 1s, consequently, no need to devise & "physical"
explanation.

It is also important to note that the special or restricted prineiple of
relativity can be maintained using either the Galilean or the Lorentz
transformation. We can apply the former to electromagnetiec systems assuming
c varies with the velocity of the observer or the latter assuming ¢ is
invariant. We have no a priori reason for assuming, as in special relativity
that ¢ is invariant; several experiments have shown that ¢ is independent

of the velocity of its source but no experiment, not even one of the Michelson-
Morley, has really tested whether ¢ is dependent on the veloecity of the
observer, which is, on logical grounds, the more probable assumption. of
course, even if experiments do show that the measured velocity of light
depends on the state of motion of the observer, we could slways arbitrarily
define ¢ as invariant and derive apparent length contractions and time
dilations using the Lorentz transformations; this would mean that we

could still derive all the relevant information concerning electromsgnetic
systems via special relativity but it would also mean that the length
contractions and time dilations would not be real effects to be transferred
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to dynamical systems where the velocity of light was not directly involved.

(n the other hand, superluminal motion, as observed in a number of compact
extragalactic radio sources, would perheaps be a real effeect and not simply an
"illusion" based on the fact that time dilation within the source would be
greater than on earth.) In practice, it is often convenient to retain special
relativity for describing electromagnetic systems, and this technique has been
applied successfully in the study of fundamental particles,but there is no
evidence that the theory is needed to "correct" Newtonian dynamics by redefining
the measurement of length and time, while at the same time, if we assume an
invariant ¢, we can derive the Lorentz transformations for electromagnetic systems
without recourse to a kinematical argument concerning simulteneity. We can, in
fact, define two types of special relativity - one based on dynamical arguments
and applied to all systems, and the other, based on the mathematical assumption
of invaeriant ¢ combined with the Lorentz transformations derived by symmetry
and applied to li~vector systems; only the latter is relevant to the behaviour
of fundamental particles and electromagnetic radiation.

The combination of the "weak" principle of equivalence (meaning the local
dynamical equivalence of a gravitational field and scceleration) and the
technique of special relativity leads to interesting predictions concerning the
interaction of gravitational fields and electromegnetic radiation, for we can
thus derive the observed gravitational redshift, deflection of light and radar
time delay without introducing any new physical principle.(1) The gravitational
redshift can, ip fact, be derived very simply from conservation of energy,
assuming E = mc“, but in the language of special relativity, this is equivalent
to the effect of the slowing down of a standard clock in a gravitational field;
this time charge and a similer change in the length of a standard measuring rod
contribute equally to the change of refractive index of space in the vieinity of
a gravitational field, producing the full values for the deflection of light and
radar time delay. A "Newtonian" calculation proposed as long sgo as 1801 by
Soldner and deriving half the value for the deflection of light is irelevant
because light is an electromagnetic system, not a system of particles subject to
the ordinary rules of Newtonian dynamics.

Thus far we have had no need to introduce a theory of gravity based on phenomen-
ological considerations to explain any of its effects; the inverse square law of
force; the identity of gravitational and inertial mass, the specisl principle of
relativity, the preferred role of inertial reference frames and all the known
interactions with electromagnetic radiation are all logical consequences of the
initial properties of the group of physical parameters. There is no a priori
logical reason to accept the general principle of relativity and the identifics-
tion of gravity and inertial forces or to accept any preferred role for the
velocity of light or the principle of equivalence. In particular, there is

no reason for deriving the General Theory of Relstivity as a logical necessity;
the only Jjustification for such a theory would lie in its ability to predict
results beyond those of the Newtonisn system. Even so, the Genersl Theory,
with its curved space-time of uniform refractive index, would be more of a
mathematical device than a physicelly justifiable theory, for, without a preferred
role for c, it would be more logical to assume a flat space-time with a variable
refractive index. Atkinson (2) and Cornish (3) have interpreted the equations
of motion of Einstein's theory with respect to a flat space-time, while Dicke (L)
has used a variasble scalar refractive index to account for the classic general
relativistic effects.

Since the existence of black holes and gravitational waves has not yet been
convinecingly demonstrated, there is only one prediction of the General Theory
which is apparently not duplicated in the Newtonian system, This is the
precession of a planetary orbit centred on & massive spherically symmetric
gravitational field. The equation of motion of the planet is assumed to be

a geodesic in a Riemannian space-time whose curvature is attributed to the
presence of the solar mass; the perihelion precession is derived by substituting
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the equation of an ellipse into an expression derived from the Schwarzschild
solution of the field equations. The theory has claimed sucecess in accounting
for the orbits of Mercury, Venus; Earth and the asteroid Icarus.

Setting aside Dicke's arguments for a measurable effect due to the solar quad-
rupole moment (5) (6), it seems that the case for non-Newtonian behaviour in
planetary orbits - or nonlinearity of the Sun's gravitational field - depends
on the employment of the geodesic equation in the calculation of perihelion
precession. This is equivalent to the assumption that gravitationsal systems
must be described by a lL-vector space-time. The gravitational field thus
becomes nonlinear if we accept the identity of inertial forces and gravitation.

Nevertheless, we have already advanced arguments to the effect that gravitation
is not described by a Li-vector space-time and it is possible to derive an
entirely different explanation for the inertial forces which sre responsible
for the perihelion precession. This is that the space-time actually measured in-
astronomical observations is operational (L-vector) and not identical to the
absolute space~time of classical mechaniecs. This operational space-time
depends on the velocity of light, which is affected by the presence of the
gravitational field of the Sun. The result - with time and distance changes
of order GM/c2r - is an apparent rotation of the coordinate system, which
expresses itself in the planetary orbits as a perihelion precession, To
retain the laws of classical mechanics in the noninertial frame created by the
use of this L-vector space-time, we assume that the rotation, which will be
equivalent to the deflection of a light ray, is caused by the presence of
fictitious inertial forces. We; therefore, simply add an inertial force term,
derived from the relativistic expression for the deflection of light ray, to
the eclassical vis viva integral, to obtain the accepted general relativistic
expression which predicts the perihelion precession:

(d_r)z + 1-204) r° ap\® = 2@ - E .

at rcl dt T
If this explanation is correct,; we have no criterion for deciding on experi-
mental grounds whether the gravitational field is linear or nonlinear. The
evidence so far acquired suggests that we can accept Newtonian mechanies in
gravitational systems, special relativity in L-vector systems and general rel-
ativity to first order in gravitational systems complicated by inertial forces.
General relativity will presumably be valid to higher finite orders in systems
which we cannot as yet investigate experimentally, but it will certainly fail
at the level where it predicts singularities due to field nonlinearity. {Black
holes of the Laplace type will, of course, remain a theoretical possibility.)
General relativity thus becomes not so much a physical theory of gravity, as
in the traditional presentation, as a mathematical theory of inertial forces.
We retain the option of gravitationsl field nonlinesarity but see no reason,
experimental or theoretical, for introducing it.

Genersl relativity as a gravitational theory is founded on the relation between
gravitation and inertia and, in particular, the idea of Mach that all the
inertial properties of matter can be attributed to the gravitational attractions
of distant stars and galaxies. However, not only have we no experimental
evidence for an extra gravitational force due to the stars or galaxies in
addition to the static interaction, but we also have no knowledge of whether
general relativity would actually produce the effect that Mach predicted. For
all its mathematical elegance, traditional general relativity contains many ad
hoe features - the preferred role of ¢, the arbitrary assumption of the Newtonian
approximation, the choice of a Riemannian space-time - and it leaves many things;
such as the uniformity and isotropy of the universe, unexplained. In an
slternative approach to a nonlinear theory, we could describe gravity, like the
electromagnetic force, in terms of a flat four-dimensional space-time and
develop equations analagous to Maxwell's equations to take account of the
supposed inertial forces. This would introduce & nonlinearity into the
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gravitational field which would be equivalent to applying E-mc2 to gravitational
potential, as discussed in the previous section. The effects would presumably
be similar to those predicted by general relativity, inecluding the existence of
black holes and gravitational waves; +the differences would result from replacing
the curved space-time with a flat space-time of variable refractive index. How=-
ever, in this case, the analogy between gravity and electromagnetism, abandoned
by general relativity, would be retained, and the approximation to the inverse
square law, which is an arbitrery assumption in general relativity, would have

a more logical foundaticn.

Nevertheless, solid evidence for any non-Newtonian behaviour in gravitational
systems is virtually nonexistent, while the purely Newbonian explanation of g
gravity has a far more logical foundation than was hitherto believed. Black i
holes and guantum gravity present formidable theoretical difficulties for post- '
Newtonian theories, the presence of singularities and infinities usually indicab-

ing that a theory is defaective. It may also be significant that all attempts

te combine electromagnetism and gravity in a single geometrical theory have been

totally unsuccessful. Such theories wers once thought to be required to explain

effeets which we now know are not post-Newbtonian and there is a considerable

probability that the Newtonian theory of gravity, which is the only one with a -l
completely logical foundation, is also the only true desecription of the phenomenon.

(9) Particles

The laws which we have derived for systems involving charges are those which we
know are valid for the electromsgnetic interaction. However, our definition of
charge also includes the sources of strong and weak interactions. ' These forces
appear to be -governed by lews of the form

Fa= g?_exp (f;r)

where g2 is a coupling constant analagous to the electromagnetic term ez/hTTEio,
and m is the mass of the particle which transmits the energy of interaction.
However, if this mass were zerg as we should expect it to be for complete symmetry
with the electromagnetic force, then the strong and weak forces would be exactly
inverse square. Such deviations from ideal behaviour in charge systems seem to

‘be generally associasted with the existence of particles of definite mass. It

seems that a complete understanding of these forces cannot be accomplished without
some consideration of the thecry of particles.

The properties of the fundamental particles are as much a consequence of ths
symmetrical arrangement of the physical parasmeters as are the laws of physies.
In this cese they arise from the application of the gquaternion system to the
parameter charge. The quaternion system suggests that, ideally, the charges
for the three interactions are equal in value; we could thus postulate the
existence of a fundamental charge Q which is responsible for all of the inter-
actions but which assumes the particular cheracteristics of either the weak,
strong or electromagnetic charge depending on the quaternion operator with which
it is associated. The problem, however, is that the imaginary quaternions

(i, j, k) are not physically distinguishable and so cannot be used to label
particular interactions or to indicate how two different charge systems would
interact, whereas, by anslogy with space, any two charge systems should produce
a unique and identifisble resultant foree.

The solution to the problem involves the creation of the system of "coloured®
quarks. Quarks combine only in threes and are often assumed to possess fractional
charges, but it is more likely that, as in the model of Han and Nambu (7), they
possess either unit or zZero charge. Quarks may be considered as particles which
would, ideally, contain one unit, either positive or negative, of each of the
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electromagnetic, strong and weak charges (¥ ie ¥ js ¥ kw). However, in many
cases, some of the individual units of e; s or w are missing. The "eolour"
concept and the combination of quarks only in threes is introduced 1o ensure
that the assignment of quaternion operators to e, s and w in any individual
quark is never known because it is always one of three possibilities,; whereas
we do know the charge structure of the total combination. The missing
charges arise in some of the coloured quarks because it is necessary to
prevent any of e, s or w being associated with more than one guaternion
operator in such a combination. (It is possible, also, that the exigencies
of this system actually limit the dimensions of charge to the minimm of
three required by the quaternion representation.)

The sign of the charges on the quarks and the number of missing charges
determines the nature of each of the heavy particles known as baryons and
mesons, and it is not difficult to work out their charge structures from those
of the quarks: baryons, which are combinations of three quarks, invariably
have a + s and ¥w component; mesons, which are combinations of quark and
antiquark usually have neither; both sets of particles may or may not have
a ¥ ¢ component. The charge structures of the leptons may be discovered
from the decays of these heavier particles: thus muons have oy,
electrons ¥ ¢ ¥ w, and neutrinos ¥ w. Since e, s and w are not inter-
convertible, it becomes obvious why baryon number snd lepton number are
conserved: a baryon can only decay into another particle with +s and tw

components, while a lepton can only arise from a particle with T w component
but no + s component.

The different physical manifestetions of the strong, weak and electromagnetic
forces are also among the effects of the quark system. A particularly
important reason for this is their association with particles of different
masses. The number of missing charges in any particle can be found easily
from its quark structure, and it so happens that each missing charge in the
particle is replaced by a mass of meﬁx where m, is the mass of an electron
and of is the fine-structure constant. (The size of the particle determines
that the energy provided by this mass is equivelent to that of the missing
charge.) This is true whether the charges are e, s or w and is a direct
indication of their fundemental equality. The actual mass of the particle is
thus a direct result of the broken symmetry in its charge structure. Ideally,
the quarks which compose the particle should be unit charges not associated
with definite masses. The bresking of this symmetry, which is an unavoidable
consequence of the nature of the parameter charge, is thus invariably associated
with the introduction of particles with definite mass.

(10) CPT Symmetry

The theory of particles presented in the above outline originates in the
particular symmetry of space and charge within the group of order L, but the
details of the theory cannot be worked out without reference also to a more
general symmetry. Thus, the CPT theorem states that the laws of physics

ymst remain unchanged when space reflection and time inversion is followed by
an exchange of particle and antiparticle (charge conjugation). (The reflection
property of space is an obvious consequence of its description as a vector;
time, on the other hand, is unidirectional because it is a continuum; however,
because it is imaginary, it has two possible mathematical representaticns,
positive and negative, and events should be symmetrical under an imagined
reversal of time.) In other words, we know that a complete system involving
all four parameters has no identifiable properties. Thus it has no identifi-
sble sign preference; a complete sign reversal in the components (except

mass, which is always positive) has no effect on the system. But space snd
time, or space and charge, alone, are not sufficient to describe a system and
so space inversion does not necessarily hold at the same moment as time
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reversal or charge conjugation. The exception, in which the laws of physics do
not remain unchanged under the partial symmetry of space inversion and charge
conjugation, exists, for reasons which we shall discover in the theory of particle
physics, in the wesk interaction.

(11) The Quarks

The three nongravitational interactions fulfil many of the conditions which would
be expected of the effects of a three-dimensional imaginary charge-like parameter.
However, there are certain difficulties in identifying their sources directly with
the imaginary components of the quaternion system. In principle, the identifica-
tion of an individual interaction is specific in any given situation, but the
identification of an individual quaternion is not. We always know whether an
interaction is strong, wesk or electromsgnetic, but we do not know any way of
distinguishing individually between i, j and k. Thus, we would perhaps expect
all the units to be of equal value, but in fact we find very different values

for each of the interactions; end we would expect interactions expressed in

terms of indistinguishable quaternions to be also indistinguishsble in type,
whereas we find that each of the interactions has some pronounced properties.

Theoretical physicists are now working towards a model in which the three inter-
actions are fundamentally equal in value and if we agsume that the individual
charges responsible for each interaction would be numerically identical if
measured under idesl conditions we will antomatically remove one of the main
difficulties of the quaternion representation. However, it is still necessary
to explain how the arbitrary operaters i, j, k are related to the definite and
known properties of electromagnetic, strong and weak interactions. Thus, if we
can assume numerically identical fundsmentsl units of electromagnetic (e), strong
(s) and weak (w) charge, it does not follow that their quaternion representations
are, say, specifically ie, js, kw, because we do not know that the quatermion
representations in another system must be identicel. The physical manifestations
of e, s and w rmust represent to some extent the way in which the quaternion values
of different systems are combined.

It may be possible to derive information about charge by analogy with space. Thus,
even though spatial dimensions are intrinsically arbitrary, their resultant is
not; in fact, it is always possible to combine two space systems in a unique
way. Furthermore, this resultant itself has the form of a dimension and can be
expressed as such. We would, therefore, expect to find a unique combination for
any two charge systems; in this case, we may label the individual units which
form the unique combinations as e, s and w. Thus, in any combination of two
systems, the relative quaternion values assigned to e, s and w are established;
only the individual quaternion values within a system are undefined. It is
importent to note, however, that e, s and w do not represent particular types of
force as such; they are simply the resultant values of charge combinations, the
parts that are always combined together. Their physical properties result from
the arrangements necessary to ensure this.

Now, we have three well-defined systems of charge e, s and w, which have both
positive and negative values, and any complete unit of charge would be a combination
of one unit of each of these. There are eight such combinations and we may assign
to each one the name of one of the u, d, s, ¢ quarks or their respective anti-
querks: :
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Charge Combination Quark or Antiquark
BB AWy o o L,
&+ 8 + ¥ . d.
et s =W ; S
-8 =8 =W a
+e =8 -W d
te-8+w s
=& - S . +W. .

T

These ‘dre the ‘only ‘types’ ofAun_t charge_ bination whichm Te. physlcally et
'possible'(though this does not mean that other quarks are not possible.) . ==
‘Assuming that’ they'are correctly jssigned to'their respectlve quarks, 1trisQf,,-f
now neoessary to assign quaternli]w ] ué

>_comb: Ny, wo¢systems 1ﬁ e unique way; 14 e w1th e
one qu ternion 3551gned to both e's, another. quaternion assigned to both Bls
and the remalnlng quaternlongto both w's._n Wi ? :

Let usicon51der the assignment of quaternlons %o the, u quark, +é +s. *W-;a;i£JEgi.
we assumed that, at any one tlme, we had & choice of eny of three such
representatlons, then we would not be sPeclfying & unique .quaternion value .

for any. partlcular oh'fg bv1ous ways 1n which this could 1i]ﬂf
be done: . .. , _ .

Ty

",1;(111) fj@"' +3

;The actual 1abels - ol j, k are, of course,'arbltrary and. there are’ numerous r
‘other assignments which would be essentially identical to either (a) or (b)-lh
We could else distinguish between the individual representatlons (1) - (111) )
.by an arbltrary use of the colour labels blue, green and. red.,

combination, “then we would flnd that, 1f we a351gned ‘a unlt value to 1e in i e
(a) (1) and (a) (ii), then we could not also assign & unit value to ke in j‘f_”“
(a) (ii1), because, in combination, all charges of the same C
associated with the same quaternion value., In other. words, 1f we. could find |

a system in Whlch the representatlon {a) (1) with unit ie was 1ndist1ngulsh—“,
able from the representation (a) (1ii) with gero ke, ‘then we could have a system
in which ‘the comblnatlon property of e's was. unlque but not related to the
assignment of a speclflc quaternion value.zq

In fact, such, a system does exist for the (a)-type representation, involving. .
_the u, dy & and e, quarks.,” However, thls depends on two conditions: the first N
“is'that the division between states and antistates in’ the various, comblnatlons ‘
" of e, s, W must __umade by a551gn1ng i} positlve unit. of one type of eharge to ..
all states and a negative unit to all antistates; the second is that at least. ..
one type of charge mist be allowed to change sign, when appropriate, by
assuming a simultaneous sign reversal in other parameters such as space and
time. The first property is assigned, arbitrarily, to s, and the second
property to w; for the first time e, s and w are physically distinguishable.
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In principle the assignment of such properties means only that we can separately
identify the three components, e, s and w, in combinations. There is no physical
meaning; as such, in classifying the combinations of e, s, w as quarks or anti-
quarks on the basis of the sign of the s component; it simply means that we can
identify one of three interactions. There is not even any special meaning in
deciding that the e and s components conserve their sign with respect to space
and time, whereas the w component may or may not. Here we ere simply keeping
open an option which we know must exist. There is no general rule which states
that any symmetry other than CPT must exist; any or all of the three interactions
mey break the C, P or T symmetry.

With these two conditions specified, the components of the system based on the
(a) - type representation are given as follows:

Blue | Green | Red Blue |[Green| Red

ul|+e {1 i 11 0k ul+e |1 1 143 0Ok
+3 10 j 1k 0i + |1k 03 0 i

+w |0k 03J 13 , +w |1 ] 0k 03
d|-e |0 i 03 14 d |-e |O i 03111
+s |0 j Tk [0 +s |1 k Ok | 03}

+w |0 k 01i 1Tk ww |13 01i 0k
si-e |01 0j (14 s |-e |01 0j| 114
+s |0 j 1k |0k +s |1 k Ok | Ok

w |0k | 01 |1 w|13 |oi| o0j
c |+e |1 1 11 jO0Kk c [+ |1 1 11| 0k
+3 |0 j 1k |01 +s |1 k 0j|]o1i

-w |0k 0j |13 =w |13 O0k1{ 0]

The two tables give alternative representations. The different quaternion
arrangements for each quark are specified by an arbitrary colour label, slthough,
for convenience, the colours of individual quarks will be assumed to be those
actually assigned in these tables. The actual quaternion labels are, of course,
also arbitrary though the arrangements are not, except in the cases where the
charges are all assigned a zero value; &any other combination table found for
the (a) - type representation must be physically identical to one of these.
Whatever quaternion labels are assigned to e, s, W, their respective number of
unit charges is based only on the properties which we have assumed to make them
identifiable,

With the values of 1 or O as assigned to the unit charges in either table, it is
possible to show that any combination of three quarks or three antiquarks, which
contains one of each colour, has the same number of units of &y Sy W, which-

ever colours are assigned to the individusl quarks or antiquarks. With the
antiquarks found simply by reversing all the signs in the tables, any combination
of quark-antiquark of the same colour-anticolour must alsc have the same number
of units of ey s, w, whatever the colour.

This system of coloured quarks and antiquarks thus presents us with a unique
way of combining the charge-components of different systems without specifying
their quaternion values. The terms quark and colour now take on their conven-
tional meanings in particle theory. The quarks are almost identical to those
of the Han-Nambu theory, with the s component directly equated to the baryon
number.  Here, however, there is an additional term in w, and in some cases
this requires a sign reversal to preserve the colour invariance. We assume,



17

in the first instance, that the symmetry broken by this sign reversal is
that of space reflection or parity (P) and that the symmetry of the combin-
ation CP is conserved since there are reasons for believing the bresking

of the time-reversal symmetry to be inherently less probable., The system,
as defined, is exclusive to the u, d, s, c¢c quarks and their respective
antiquarks (unless heavier quarks exist with identical charge structures).
This does not mean that other types of quark camnot exist in other systems.
At least two more (b and t) are believed to be required by experimental
evidence. Alternative possibilities include the creation of some kind of
system in which more than one kind of charge breaks the C, P or T symmetry
or quark systems based on variations of the main representation, for example:

Blue Green Red Blue Green Red

P? <=« 0i Ok 11i t? 4¢ 1 i 11 0k
15 1] 0i 03] -}-_s T3 cj 0i1i

-w 1k 03] 1k -w 0k Tk 03

(12) Mesons, Baryons and Leptons

Mesons and baryons may now be constructed from the u, d, s quarks and \-1, d, s
antiquarks in the conventional way:

particle quark combination charge structure typical decays
Meson octet (spin 0)
Tl‘i ué te [JV
T du -e })
pig uu 0 )95 }’
- dd 0 yy,]T"[_‘_)/,BTT TT‘iTy
K _ us +e+0 or+e+lw /Ul);
K su ~e+0 or-e-2w })i oy ; TTQ v
K 2 ds 0 or + 2w 1 37 Trfn'“ e D
K sd Oor - 2w TTi'e+lJ; Tf'f/J-T-)f
Meson singlet
ss 0
Baryon octet (spin 1/2)
n udd +5HT pe ¥
P uud +eis+w _—
A uds +sSW - pm 3 nT°
Z dds —e+5=W nTl~
., uds +shu My .
Z, uus +e+s-w p o nT¥
'.'_"_:o dss -etsi‘w J\_Tro
= uss +S-W AT
Baryon singlet .
N uds +5-W
Baryon decuplet (spin 3/2)
A ddd ~e+sHw '
L\ udd +s4w l‘
++ uud +ets+w J N T
o uun +2e+§_+w
L *o dds —e s~
2"-:‘--;. uds +s-w 1 ANy X
g_l s uus +e+s-W J
AT dss ' -ets-w } T
e uss +5-w

2

=
A sss —e+3= o0 =, i1 =70,
acitans AR B HE |
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The charge structures of the individual particles explain many significant facts,
Thus it is obvious that TTO, which has zero charge structure, must be its owm
antiparticle, whereas K° or K o which may have a charge structure 32w, is not.

The ¥ sign of the w component of most particles suggest that some symmetry must

be broken by the weak force if the colour invarisnce of the particles is to be
retained. This is especially true of the K particles. The K and K~ particles
can be distinguished by their electrical charges, but the K° and K° particles

can only be distinguished by the average sign of their w components. To preserve
colour invariance we must assume that the weak interaction cannot distinguish
between different signs of w (which may be why the neutrino, with charge structure
v only, has no rest mass and only one direction of spin) and so the neutral K
particle is generally considered to oscillate between the K© and X° states via

the weak interaction. When the K° and X © states are in phase (the K{ decay mode),
the charge structure is +2w-2w or O and the particle deeays to 1T++'ﬂ"', which is
space-reflection_symmetric, without viola ing the combined CP or T invariance.
But' when K° and K° are out of phase(the Ko decay), the charge structure is nonzero
and so the only remaining symmetry, CP or T invariance, must be violated in order
to allow the particle to decay to T + 7T~ with zero charge structure. (It is
probable, in fact, that the weak charge component of the K particles is always
effectively zero, like that of the other mesons, and that this is maintained by
the initial breaking of the time symmetry; the effective maintenance of zero
weak charge structure without violation of parity is characteristic of 2w particles
~and is responsible for their classification as bosons.)

Also, it is clear why (2 is the only member of the baryon decuplet which can
decay only by a weak interaction; for it is the only member of the series which
always has a negative weak unit of charge. Strangeness, which is related to

the number of s quarks in the particles, is also related to the aversge number

of negative weak units of charge (or apparently negative weak units of charge)

in the members of a multiplet. Thus the s quark has strangeness -1 (average
~w/3), while A, ¥ ,5 ,.0 have strangeness 0, -1, -2, -3 (average 0, -w/3,
-2w/3, -w) respectively. Any decay of (1~ will reduce this number and so vioclate
the conservation of strangeness which is characteristic of the strong inter-
action (since the strong interaction involves only the s component of the charge
structure). Thus, the decay of M1~ to 57° + 7~ only balances the charge
structures on each side of the equation if 7' ° takes the -w value.

Again, the decay of A to pte™+ ¥, is slower than the same decay of the neutron,
because A\ has charge structure +s%w (strangeness -1) and only the A.particle with
structure +s+w, equivalent to a neutron with strangeness 0, may decay via this
mode. Conventionally, this is attributed to the existence of two types of weak
current; in fact, the strangeness-conserving weak current is the one which
retains the sign of w, while the strangeness-charging weak current is the one
which reverses the sign.

Strangeness is closely related to charm, which is equally an expression of the
average number of weak units of charge in a particle. Strangeness and charm
are distinguished by being associated with different signs of electromagnetic
charge and are also given opposite signs by convention, but the s and ¢ quarks
are a natural pairing because they have the same values of w and because the
weak decay of a charmed quark is predominantly via a strange quark mode. The
¢ quark decays via the weak interaction to s but+not g when the D* meson (cd;
charge structure +e+0 or +e-2w) decays to K + 1T + 1T (+640 or +e-2w) but not

K+ 1T + 77" (+e40 or +e+2w).

The particle decays can all be derived successfully from their charge struectures
(more Successfully in the case of weak components than for eny model involving
fractional charges) and from these decays we can also determine the charge
structures of leptons: muons have ¥fely, electrons *e +w, and neutrinos *w.
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The conservation of baryon number and lepton number are now obvious consequences
of the separate conservation of e, s and w charges, but a detailed study of '
the neutrinos reveals why muon-lspton number and electron-lepton number are

also individually conserved. The various neutrinos and antineutrinos may
be specified as follows: -

helicity sign of w lepton number
Y negative negative + 1
)/u positive positive =1
l/u negative positive + 1
e positive negative = 1

Hence ) and )/, are not entiparticles of each other becsuse they each have the
same sign of w, while muons are not really heavy electrons and csnnot decay to

electrons by . _
P T ey
because they have the opposite sign of w.

Neutrinos, unlike other leptons, are only distinguished from their antiparticles
by the sign of the symmetry - breaking w component. The weak interaction
cannot distinguish between + and - signs of w and so neutrinos and antineutrinos
are only distinguishable from each other by their helieity or spin orientation
with respect to the direction of motion (negative helicity being equivalent to
left-handed spin). Wesk interactions involving neutrinos are inverisnt under
the CP inversion in which a neutrino of negative helicity becomes an anti-
neutrino of positive helieity. Invariance under charge conjugation alone
would imply the existence of neutrinos and antineutrinos of the same helicity,
while parity invariance alone would have the same effect because a parity
change would reverse the helicity without converting a neutrino to an anti-
neutrino. Time-reversal, on the other hand, would preserve helicity while
reversing the direction of the particle's spin and motion. The fixed helieity
of neutrinos is thus equivalent to invariance under CP inversion or time reversal
and its negative value for ), and }j is presumably derived from the negative

e component of both electrons and muons determining the initial values for their
helicities. Assuming the convention of special relativity as applied to
particles, it is possible to argue that neutrinos can only preserve their
helicity and hence the CP invarisnce in all reference frames if their direction
of motion is independent of the velocity of the observer, which means that

they must be travelling at the speed of light and thus have zero rest mass.

Neutrinos are distinguished in their behaviour from the neutral K particles,
which are likewise separated from their antiparticles only by their weak charge
structure, because they are point-charges without internal structure, whereas
K particles are compos?*e mesons with definite masses; there is even a mass
splitting of about 10~'' MeV between the K§ and Kg decay states, due to the
weak charge component. The neutral X particles, therefore, do not have

fixed helicities and their deeays may conserve parity or space-raflection
symmetry and violate the CP invariance.

The leptons are usually grouped with quarks into families whieh are particularly
relevent in the unified gauge theories. These may be illustrated, with the

. relevant charge structures in the following table:

Leptons Charge Structures |Quarks |Charge Structures
Ve + W u +e+sdw
e~ —e¥W d =e+54w
l&; =W c +e+S-w
}J— =2 =] 8 —e+3-W
? Yy tw t +ets ¥y
T - -etw b -e+s t w
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The members of any one family all have the same sign of w, which explains such
interconversions as u—>d and ¢—»s in weak interactions.

(13) The Three Nongravitational Interactions

The charge structures of mesons and baryons are also responsible for fundamental
differences between the three nongravitational forces. Thus it is clear that the
electromagnetic term e is different from the strong and wesk terms, s and w, in
being neither required to be present in a baryon state nor absent in a meson
state. It appears as an independent term, attached to the particle only in a
superficial way. In effect, the particles are grouped into states of the same
strangeness, which are identiecal in every respect exgept for the electromagnetic
component. > These mltiplets, such as & 3 A% AY, Aﬁpor e ,‘Ea}o, 2 %, are
defined to have a multiplicity, M, given by the number of component states. In
any collection of such component states, the electromagnetic charge is not fixed
to any one state but oscillates between all the available states.

There are two notable aspects of this property of electromagnetic charge. The
first is that the electromagnetie force is not bound to eny particle in the same
way as the other two forces; +this means that the electromagnetic interaction is,
according to the standard theory, infinite in range, whereas the range of the
other two interactions depends on the masses of the particles exchanged. Thus
the electromagnetic interaction becomes the expected long-range resultant force
produced by a combination of a1l three types of charge, and its presence also
indicates the presence of strong and weak interactions. The resultant electro-
magnetic charge is directly associated with the position of the particle defined
by its mass.

The second aspect is that the strong interaction has the property of isospin
conservation or charge independence; that is it is unaffected by the presence or
otherwise of the electromagnetic charge. This property is obviously not
possessed by the electromagnetic charge and, since it is additionally dependent
on the conservation of strangeness, it must also be violated to some extent by
the weak interaction.

The strong and wesk interactions are explained by a modification of the field
theory used for the electromagnetic interaction. There are only two types of
quark combination: baryons and mesons; but baryons may be combined with mesons
to produce other baryons. Strong charges are always units confined to baryons,
If they are to interact, then baryons must be capable of absorbing energy, in a
form available to strong charges, which has been emitted by other baryons; this
is, of course, analagous to the absorption and emission of virtual photons in
the electromagnetic interaction. Since baryons may emit and absorb mesons,
energy is available to be transferred in this form; however, the nonzero rest
mass of the meson necessarily reduces the range of the interaction to that
deseribed by the Yukawa potential, while, according to quantum field theory, the
spin O state of the meson mskes the force betwsen like particles apparently
attractive as opposed to the repulsive force between like particles when the
spin 1 photon is involved. Mlso, mesons themselves are affected by the strong

force because they spend part of their time as virtual baryon-antibaryon combi-
nations.

The strong interaction, however; is generally closely associated with colour; in
colour-anticolour combinations, such as mesons, the s component disappears; the
absence of colour here involves the absence of the s component. It is possible,
therefore, to associate the ebsorption or emission of virtuel mesons with an inter-
changing of colour in the component quarks of a baryon and to postulate that,
because the baryon structure of three confined quarks is defined to be colour-
invariant, the property of colour is actually responsible for the confinement of
quarks, within baryons. According to the theory of quentum chromodynamics,

the strong force between baryons thus becomes a result of a colour force between
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quarks which is repulsive for identical particles in the same way as the
electromagnetic force becsuse it is brought about by the exchange of the
massless spin 1 bosons called gluons. Quarks may be considered as
permanently bound by the nature of the colour system rather than by any

force, though some sort of colour force may actually existy the forces between
quarks are sometimes thought to be constant with distance and experiments
show quarks to be loosely bound inside hadrons. Quark confinement may not
need a "physicel" explanation.

The weak interaction is, like the electromegnetic interaction, independent of
colour, but it is not similarly independent of the particle of origin. It
is associated not only with mesons and baryons, but also with leptons, which
come into existence as decay products of the heavier particles, while its
range is such that it is assumed to be carried by a very heavy spin 1 bgson
(W or Z). This boson must be a virtual combination of heavier particles
and entiparticles to confine the weak charge in the same way as the exchange
of the meson confines the strong charge. (It is interesting to note that
such processes as the weak decay of % involve the initial creation of a
virtuel nucleon—antingcleon pair, via the strong interaction, before the
weak transition to A/ "+ ), .) '

As we have seen, the violation of individual C, P or T symmetry is character-
istic of the weak interaction and is introduced to preserve the colour- '
invariance of the quark-system. Most weak interactions involve the neutrino
and, hence, are not space- reflection symmetric, because the neutrino spin’

is invariably left- handed with respect to the direction of motion. However,
the decay of+Kg to TT ¥+ T~ does not involve the neutrino and, because the
product TI "+TT is space-reflection symmetric, the interaction is
apperently unique in violating the time-symmetry instead. This type of
"superweak" interaction seems to occur only where a 12y component is involved
and the conservation of parity or space-reflection symmetry is presumably
related to the fact that K and all other particles with 0 or #2w sre bosons-
with symmetric wave functions, whereas particles with * w gre fermions with'
antisymmetric wave functions, ' : '

(14) The Structure of Leptons

We have established the charge structures of leptons by examining the typical
decays of mesons and baryons, but, while we have explained all the heavier
particles in terms of the coloured quark system and the definition of unit
charge, we have yet to find any fundamental reason for the existence of this
apparently independent system of lighter particles. There is no reason to
believe that there are any particles which cammot be derived from combinations
of quarks and antiquarks, but the two obvious types of combination which
preserve colour invariance, the mesons and baryons, produce no charge structures
which are identical with those of any individual leptons. However, the charge
structures of the four flavours (u, d, s, ¢) of red quark in the first quark
table are identical to the charge structures of the four leptons')/e, e s M -
and %@ s this is certainly significant, : '

To find an explanation for this coincidence, we must undertake a more detailed
examination of the weak interaction, the force in which all leptons are
involved. The weak interaction has always been found to involve fermions -
particles with a wesk charge component of ¥w (not #2w which is equivalent to

0) - and every weak interaction so far known can be expressed as an interaction
between four fermions. Weak interactions also result in changes of flavour
wherever quarks are involved, in the same way as strong interactions result

in changes in quark colour. Flavour changes between quarks, like colour
changes occur in pairs, Thus, in the decay

A — T +p
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which we may write as

A +p p + n
uds uud udu udd

by replacing TT~ with a virtual p + n combination and transferring p to the left
hand side of the equation, an s quark in.J\.changes to a u quark in p at the
same time as a u quark in p changes to a d quark in n. The pairing ensures the
conservation of e and w charges; in a single u<—>d or s« ¢ transition, an e
charge appears or disappears, whereas a u/d ¢—s/c transition results in a change
of sign of w; a double transition leaves the total e and w components unchanged.
Thus weak interactions between baryons always involve four particles.

Leptons are &lso paired off in weak interactions, muons and electrons being always
accompanied by their appropriate neutrinos. Iet us, therefore, suppose that weak
interactions involving leptons also take place_ through exchange in quark flavour.
We may guess that the quarks associated with e and ) are, respectively, d and
u, which have the same charge structures; thus, in an interaction such as neutron
decay, which we may write as
n + E e + ZL

udd uud d?? ?7%u
we have the u of n converted_ into d and the d of p converted into u. Now, the
charge structures of e and V would not be altered if we identified the unspecified
quarks as dd and uu, and it may be that the complete equation for neutron decay
should be written

'

n + p e+ A
udd uud ddd uuﬁ

This would mean supposing that, in a weak interaction, we could reverse the signs
of charge in one quark from each particle to produce a pair of forbidden quark-
antiquark combinations; leptons, if so structured, would be virtually quarks or
antiquarks which could be regarded as dimensionless point charges with no internsl
structure. They would, of course, have to retain the ¥w component, since only
the weak interaction would allow this symmetry-breaking charge conjugation, and
they would presumably have zero s component to avoid the complications associsted
with colour, which would otherwise prevent the formation of such combinations =~
leptons could be considered "colourless" if colour changes were impossible.

Assuming this proposed structure of leptons to be correct, the reason for the
families of associated quarks and leptons, introduced into the unified gauge
theories, becomes clear, for the muon and muon-neutrino are virtually equivalent
to 5 and ¢ quarks in the same way as e_ and )/ are equivalent to d and u. Thus
the decay of m via the virtual p + n pair may be represented as follows:

tri —y P AN~y * & Y

uud udd mic sdd

The charges on each lepton are thus determined by those on the associated quark

of the family; the quark and antiquark which make up the remainder of the particle
are a meson-type combination of zero charge, whose components depend on those of
the particles actually involved in the interaction.

The*yeak interaction is generally supposed to take place through the exchange of
aW or W Dboson, which causes the change of quark flavour (though there is also
a form of wegk scattering via a neutral Z boson which is equivalent to Wh+ w).
Thus, in the interaction

n+)y_ —> p+e
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the neutron decays to a proton with the emission of a W particle which is
then absorbed by the neutrino to convert it into an electron. It is expected
that decays such as

W-——+ e + V
and W'—s ;! + %p

w111 take place. _The W= boson is thus equivalent to a combination of

N *e Yy ore + _}% and, therefore, to a combination of three quarks and
three antiquerks. ~The many alternative combinations for each W particle,
provided by the various quark-antiquark meson-type combinations of zero
charge which can be permutated with the fixed quark associated with each
lepton, may explain the heavy mass associated with the W particle of not
less than 39.8 times that of the proton.

(15) Baryon Masses

In general, we can express the rest masses of fundamental particles as close
spproximations to multiples or half-multiples of the term m_ /ot where m,
is the mass of the electron and & is the fine structure constant, e /hTT55
fic. Particularly significant is the fact that the mass of the picn, the
particle generally associated with the strong interactiong is almost exactly
equal to 2mg/x , and thus the Compton wavelength for the glon @/mor c)2
is the same as half the classical radius of the electron (e /B'H'QQ, mc

or the distance which would separate an electron-positron pair whose e

electromagnetlc field energy was equal to its original total rest energy
(2m c?).

Now, the electron-position interaction may be said to represent the unconfined
electromegnetic force because it is independent of the strong charge but the
electron itself has a finite classical radius becsuse the electromagnetic
charge is confined to the particles determined by the requirements of the

qu E gystem. Although electrons are considered as point charges, they

are created as decay products of baryons and mesons and may have a baryon-
like structure of three quark/antiquark components; they are, in particular,
the only ultimste decay products of the pion itself, other than massless
neutrinos with only week charges. The distance required to "ereate" an
electromagnetic charge must therefore be of the same order as that for a streng
charge. The latter is, for theoretical reasons, restricted to the
interiors of hadrons and thus determined by the range of the interaction or
the Compton wavelength of the exchange meson. Thus if 2m_ is the mass
equivalent of the electromagnetic energy of the electron;pogition pair,

then 2m /zx must be of the order expected for the mass squivalent of a

pair of® strong charges. If all charges are really equal, this energy may
also be a limiting value for fundamental charges; the energy of a pair of
strong charges (2he/r) may be the minimum required to confine two wave
functions at a wavelength equal to the distance of separation (r). The
actual mass of the pion thus suggests that the rest masses of fundamental
particles are, in some sense, & direct consequence of their charge structures.

We can see how this determines the masses of the baryon octet and decuplet.
Here, the rest mass is a term which compensates for the missing units of
charge in the members of a mltiplet. We may express this by the formula

mass of particle = Ngllo me

M O

where n, is the total number of zero charges in the components of a multiplet
of multlpllclty K, end M, is the highest mnltlpllclty%ln the octet or decuplet.
Thus, in the baryon decublet, we have the multiplet 2 s with M=3; M ,which

is the multiplicity of the A particles, is L; and n_ represents th8” total
number of zeros, derived from the quark tables, in th combinations dds,

uds and uus. This is either 15, 17 or 19, and so, for the ground state,
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which is in reasonably elose agreement with the measured value, 1385 MeV.

Mass of ¥ particle = 15%), Mg = 20 mg
o X

The formula arises from the charge-independence of the strong interaction., In
effect, the A particle represents four simultsnecus states of average mass
(ng/l) (mg/cl) and the X * particle represents the excited states of all of

these with average mass (io/3) (me/ﬂ; similarly, the ™ *particle represents
the excited states of Z ¥, and the particle the excited states of W #.

The derivation of the individual baryon masses can now be set out as follows:

particle guark structure , M, M predicted tieasured
" mass mass
(me/ o) (mg/c{)
Octet N{n,p) udd, uwud 9, 1103 3 2 13.85 13.h
S uds By T 3 1 15 15.9
z dds, uds, uus TS,]_Z,"S? 3 3 17 17
= dss, sss 11,13 3 2 19,5 19
Decuplet A\ ddd, udd, wud, wuu 20,22,24 ) L 20 18
5o dds, uds, uus 15,17,19 4 3 20 20
% dss, uss 1,13 b 2 22 22
a sss 6 L 1 2 2l

The indicated values of ny are those used in deriving the predicted masses and,
except in the case of ¥ and E » are those of the ground state. (It is
perhaps significant that the ground state values here are already occupiled by
2 % and (4, *.) The higher values may contribute towards the masses of Some
of the observed baryon resonances such as A (1690) and T % (1820).

The mass formula gives good agreement for all the members of the decuplet except
the A particles. However, this apparent discrepancy is easily explained, for
it is possible to derive the constant mass difference between the successive
multiplets in the decuplet by a different argument, which sccounts for the
observed mass of the A particle. Thus, it is usual to see the baryon octet
and decuplet as simply representing excited states of a single type of particle,
and all the particles in a multiplet as being virtually interchangesble. The
decuplet, for instance, shows the excitation from & to J * to Hi¥* to () as
occurring due to the transition of one d quark to an s quark at each level.
Using the particular convention assumed in the quark tables above, this requires
a transition in the w component of one red quark from +1 to -1. This would
require a net loss of 2 charges, compensated for by a mass increase of 2mg/cX s
which is the mass difference between particles of different multiplets given by
the familiar Gell-Msnn-Okubo formula. The extra mass of 2me/X , predicted for
the A particle on the basis of zero charge components, does not, however,
dissppear. The apparently competing requirements for the particle's mass are
satisfied simltaneously by giving the A particle a kinetic energy equivalent
to the missing mass, which explains its rapid decay. The full width of the

4 state at half maximm of energy is ~~ 120 MeV, which is of order 2me /ot and
considerably greater than that for any other member of the decuplet.,

The position is somewhat more complicated with the components of the baryon octet,
partly because the mass of the A\ particle may be affected by the existence of
singlet /= states, and partly because we have two terms, A_ and X 0, with the
Same quark structure, though presumably with different masses. If we had a
particle of mass 15.5 my/0( , we would have the expected mass difference of

2m /X between N and A , and between 5. and /! . The additional mass splitting
0f®~ 1.5 mg/X between -A_and J could be accounted for by an investigation of

the colours of the individual quarks necessary to produce the observed masses.

Thus to meintain N and -/ at the ground state it is necessary that they should
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not contain a red u quark - that is one with a zZero e component. However
to produce 2 and H particles of the observed masses, it is necessary to
specify that the uds term or the uss term must contain a red gquark. In
other words, 7 is distinguished from -\ by the colour of its u quark,
and to convert N into Z requires, not only the conversion of a d quark
to an s quark, with mass inerease of 2mg/0! , but also the conversion of
a blue or green u quark to a red u quark, with loss of 1x3x % charges in
N and a further mass increase of 1.5 mg/X . (No such colour changes

are required in the baryon decuplet.)

The observed masses of the various baryons are thus in approximete agree-
ment with the predicted masses. It is probable that more accurate values
may be obtained by defining further conditions which must be fulfilled in
the constitution of particles. Thus, the Gell-Mann-Okubo mass formula,
based on SU (3) symmetry, predicts the relation

- R
between the messes of the baryon cctet. This is compatible with the above
theory if m_j -my is taken to be the 2.5 mg/X required by the experimental
values rather than 2me/o>( . This may be possible if AL is assumed to be
mixed with a singlet state, and it may be that it is also possible to determine
the degree of mixing from the requirements of SU(3) symmetry.

Masses or apparent masses for the three lightest quarks (u, d, s) mey be
derived, in the usual way, from the masses of the baryons; the relative
heaviness of the strange quark is responsible for the apparent symmetry-
breaking effects of the so-called "semi-strong" force. The masses of
heavier quarks seem to require the unified theories of electromagnetic,
strong and weak interactions for full explanation. '

(16) Meson Masses and Meson Decay

The meson octet does not represent the regular progression of excited states
from the lowest member which we observe in the baryon octet and decuplet.
Each multiplet must be considered to be virtually independent. Furthermore,
the octet is definitely part of a nonet, with the 77/ signlet invarisbly

mixing with the 72 state; consequently the latter must be considered as one
component of a doublet.

Since we consider the meson multiplets to be independent of each other and of

the octet, we cannot use the mass formula which we defined for baryons.
Instead we assume that

mass of meson = n, m,
o

where ng is the total number of zero charges in the components of the multiplet.
The possible values of n, for the various meson multiplets are given below:

IS T O 2, 6, 8, 10, 12, 1k, 16
K-y Ko } 35 5, 75 95 1

K, K :

4Zs'tl’ L, 6, 8, 10, 12

If we choose n, for the ground state of T7T , then it may be that the values

of ng = 7 for K and ng = 8 for 7] are determined by the condition, derived
from the Gell-Mann-Okubo mass formula, that

2

2 m 2
mK m.n_ + mﬂl =

L

=
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These values of ng give a good correlation with the observed masses of the members
of the meson octet.

Meson decay is unique to the individual particle and so removes the degeneracy
represented by the multiplets. Thus the total mass of the decay products of a
meson of multiplicity M is not greater than (ny/M) (me/CC ). However, as long

as the total mass of the decay products is not greater than that of the original
meson, the ng in the formula may be any value which can be accommodated within
the charge structure of the meson. Thus, the K particle, which has f£ive possible
values of no/M, has also five possible decays which yield products of different
total mass. These are, respectively:

‘decay' ' no/M mass of decay producté (me/ X))
Y 1.5 1,8

'#8)) 2.5 2

Tiyy 3.5 3.5

2T L.5 L

3T : 5.5 6

It is possible that there is a correlation between the mass of the decay products
and ng/M, and that the apparent diserepancies of order 0.5 me/cX are the result of
some change of quark colour, or sign of w, which is necessary to produce the

higher values of n,. With no such change required in the L and HA Y decay
modes, the mass of 4/ , and hence of (which originates only as a decay product
of Kor IT ), would be fixed at 1.5 mg/X . This large mass is presumably
responsible for the particle being unstable against decay to the lighter electron.

The IT and "7/ mesons do not possess so many decsy modes, but it is possible to
interpret their typical decays according to the same pattern:

particle decay ng/M mass of decay products (mg/ X .) g
T ANY 2 .

n R e G R
(17) Resonances | |

If there is sufficient evidence that the rest masses of ground-state mesons and
baryons can be attributed mainly to the missing charges in their gquark structures,
the exact masses are a more complicated problem in which & rumber of possibly
conflicting conditions are resolved by the application of the quantum mechanicsl
uncertainty principle relating energy to lifetime.  Another complication arises
from the fact that particles are not really explicitly defined objects, few
particles being inherently stable and every particle spending at lesst part of its
lifetime as a virtual combination of other particles. This instability is,
indeed, to be expected from our definition of particles as the direct result of
the attempt to impose the unit of charge on nature; we know the unit of charge
only through various particle-representations each of which must be assumed to
. have its own probability of occurring and lifetime, but each is really a represen-
tation not an externally existing object; ‘none gives the exact deseription of
the unit of charge which we must assume actually exists, and any representation
in terms of mass or energy must be further limited by the terms of the uncertainty
prineiple.

The essentially arbitrary and transient neture of the fundamental particles is
exemplified by the multitude of short-lived resonance states so .far discovered.
There is no qualitative difference between the resonances and the regular baryons
and mesons; the only distinguishing feature in most cases is their relstive
lifetime before decay. The existence of so many possible particle-states
suggests that the concept of "particle" is not really fundamental and that it does
indeed exist only in so far as it is a means of defining a unit charge. At the
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same time, it is certainly possible to find definite conditions for the
formations of baryons and mesons with particular masses and it is likely
that these conditions extend slso to the resonances.

Since baryons and mesons are assumed to interact via the strong interaction
in which virtual mesons are successively emitted end ebsorbed, and since
many of the excited states of these particles decay principally to less
excited states of the same particle with the emission of a T meson, we
may assume that at least some of the resonances may be derived by combining
ground-state baryons end mesons with 1! mesons of various masses. The
main series of meson resonasnces are the oetets with T{ mesons of mass
765,962,1070,1235 and 1320 MeV respectively. These show ‘an spproximate
correlation with the particles which would result from a combination of one
Tr meson of mass 6, 8, 10, 12 or 1 my/OX with the TT , K and 7] mesons
of respective mass 6, 7 and 8 mg/O( . Similarly, the octets of baryon
resonances of spin 1/2, 3/2, 5/2 and 7/2 may be derived approximately from
combinations of the ground-state baryons with TT mesons of respective mass
6y 8, 10 and 12 mg/X . These correlations may suggest the structure of
the respective meson and baryon resonances but others are possible; since
there are many available meson masses and there is also the possibility of
mixing between states with identical quantum numbers, the suggestion is at
present no more than & speculation.

(18) Quentum Mechanics

We have seen that charges do not exist as isolated units, but are found only
in particles associsted with definite masses; forces measured between these
particles are not necessarily those which would exist between isolated unit
charges. The quaternion representation suggests that, ideally, the strong,
weak and electromagnetic forces would all be of equal magnitude, all of
inverse square law form, and all %transmitted by massless particles at the
speed of light. Quantization of energy would follow logically from this
situation. Thus, the energy of interaction of two charges of strength

Q, separated by a distance r, is given by Q</r. This is also the energy
due to the repulsion of the self-charge for a sphere of radius r uniformly
charged over its surface. This energy travels at veloeity c, so the time
period of the interaction is r/c and_the frequency c¢/r. Thus, energy is
related to frequency bg a constant Qz/c which actually becomes equal to
Planck's 3onstant if Q< is taken close to the value for the strong inter-
action (s</r is of order 2hc/r which may be the expected energy for the wave
functions of two particles confined within the distance r).

The fundamental equivalence of the three forces is now a generally accepted
principle. The unification of the weak and electromagnetic interactions has
already been accomplished and it is known that their spparent differences are
due to a process called spontaneous symmetry breaking which results from the
particles involved in the interaction assuming various masses. Theoretical
physicists now believe that the same process may be responsible for the
differences between these forces and the strong interaction. The strong
force only appears to be stronger because it breaks fewer symmetries.
Apparently, the strength of each of the forces is not constant but depends on
the energy with which particles interact. As this energy increases, the
weak force grows stronger and so does the electromsgnetic force, though at a
lesser rate, while ?Ee strong force grows weaker. At a sufficiently high
energy (of order 10'> GeV) all the forces would have the same strength.

It seems, therefore, that the appsrent difference in forces is due to particles,
which are otherwise composed of units of the three charges, possessing definite
masses, Quantum mechanics originates in this situation. Particles have
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an energy relating to their units of charge which is quantized; certain arrange-
ments of the units are necessary to fulfil the requirements of the quaternion
representation; however, to maintein symmetry between different particles it

is necessary to assume masses which compensate for the missing charges and for
the energy and momentum of these masses to be quantized in the same way as if

the charges were actually present, with E=h(v and p=hik. Since the mass of a
particle is the quantity associated with the definition of its position, we

would expect a particle of this kind to have the properties associated with a
wave packet, & free particle being associated with a travelling wave whose
simplest form of x, t dependence is given by the wave function

qj(x,t) = exp i (kx-wt).

The equations of quantum mechanics are derived by assuming only that this infor-
mation may be applied to the eclassical relation E=p°/2m and there is no obvious
reason to doubt the validity of the Schrddinger formulation.

However, quantum mechanics and the related statistical concepts best represented
by Heisenberg's uncertainty principle are simply the result of the classical
effect of retardation in the nongravitational interactions between unit charges.
The Schrodinger equation and the extended relativistic quantum mechanies of
Dirac are of phenomenological origin, being based on the experimental discovery
of electrons and protons as real particles. The full quantum theory of fields,
in which such "particles" are replaced by quanta of excitation of a matter
field, is really a more natural development. The rest mass of a fundamental
particle originates as field energy because it represents the energy of missing
charges; field energy is wavelike and the wavelike properties of particles
result in the so-called "first quantization" of matter; however, the retardation
effect produced by the finite velocity of light also necessitates an actual
quantization of the field energy or a "second" quantization of matter.

Quantum field theory has been most extensively applied in quantum electrodynamics
or the theory of the interactions of electrons and photons. This theory

assumes that electrons are point charges without physical extension and introduces
the renormalization of mass and charge to prevent the self-energy of the electron,
as calculated from perturbation theory, becoming infinite due to emission and
reabsorption of virtual photons; usually this means the assumption of an
infinitely negative "bare mass" which is subtracted from the infinite positive
mass-energy of the wvirtual photons to give the finite observed mass of the
electron. However, it is also possible to derive a finite value for the observed
mass assuming a zero bare mass and using a nonperturbative calculation of the
self-energy in Landsu gauge. (8) The infinities or divergencies which have to

be removed by renormalization are, thus, introduced along with perturbation
theory rather than with the initial assumption of point charges. If leptons

are, indeed, virtually quark-like, then we would expect them to behave like unit
point charges with zero bare mass.

(19) Fermions and Bosons

The Dirac theory of the fermion introduces the lL-vector space-time symmetry into
the Schrodinger formulation of quantum mechenics. Fermions take part in weak
interactions and have a total weak charge component of %w. Wow, the weak

charge is allowed effectively to change sign to preserve the quark colour
invariance, and this is achieved, for fermionsy; by a violation of parity con-
servation or symmetry under a change of sign of space coordinates, the CP
invariance or time-reversal symmetry being preserved. (The parity of individual
fermions is not observable but is defined to be positive.) This means that,
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in order to introduce the imaginary space-time symmetry into the quantum
mechanics of the fermion, it is more convenient to introduce space with
both positive and negative solutions, rather than time, with its unique
solution, as the imaginary component of the relationship. Space thus
becomes a time-like parameter for fermions. In the Dirac theory, there
is a new momentum operator p, = i 9 /9 x,, where xj = ct, which is
introduced by symmetry with p = i 3/ 9x, the momentum operator for the
space coordinates. Thus, if the free particle equation

2 2 2 2 2. =1
tpo - (mc™+p,“ + p, +p3)_§.>2\'02'0
is maltiplied by the operator %po + (m°¢ +p1'+p2
the symmetricsl equation

X
2*p32) 2}' we may derive

22 2 _2 _2
(p, -me” -p” -p, -p3)LF 0

which introduces a complete range of negative energy values corresponding to
those of positive energy. To find an equation linear in P,s We set down

(P, =2 Py - 8Py =83y =) ¥ =0
which is the same as the previous equation when multiplied by the operator
(p. + a;p, + a,p, + a,p, + b) provided that
o B Eg2 1333 2 22
a, = b =me
8,85+ a8, = ¢} a1b+b a = 0 ete.

The new degrees of freedom represented by the introduction of the terms a and
b describe the particle!s spin and result in the half-integral spin character-
istic of all fermions. It is significant that spin is derived by adapting
the space part of the wave equation to be symmetrical with the time component.
This is no more than a msgthematical device for it makes mass-energy look like
an imaginary quantity (with both positive and negative solutions) and charge
a real quantity (with its unique solution) in the mass-charge symmetry which
auntomatically follows from that of space and time. (Imaginary space is not
"natural" and requires the mathematical complications produced by the intro-
duction of spinors.) The true situstion is restored in the Dirac theory by
the apparently ad hoc posutlate of the existence of antimatter; this mekes
the apparent negative mass-energy states become actual positive mass-energy
states with the opposite sign of charge.

Now, the total wave function of a fermion is the product of the orbital and
spin wave functions; the symmetry of these depends only on that of space
reflection and time reversal, charge conjugation being excluded automatically
in the Dirac formulation. (Charge conjugation is an ad hoc feature of the
Dirac theory, not appearing in the equations.) The wave functions of
fermions are time-reversal symmetric though not, as we have seen, symmetric
to a reversal in space coordinates. The total wave functions are, therefore,
antisymmetric, and it is possible to link this with the helf-integral spin
because both are the result of space coordinates being associated with the
symmetry breaking of the weak charge. Particles with antisymmetric wave
functions can be shown to obey the Panli exclusion principle that no two
particles can be in the same quantum energy state., 1In fact, the original
Dirac theory invoked this principle to avoid the negative energy states
predicted by the relativistic wave equation, by supposing that all the
negative snergy levels were already occupied and that fermions with positive
energy were thus prevented from making downward transitions from the ground
state. In quantum field theory, Dirac's relativistic theory of the fermion
is reinterpreted as a theory of interacting fermion-antifermion and photon

fields; assuming CPT symmetry, fermions and antifermions emerge simultane-
ously with positive energy only and there is no need to posutlate an un-

observable sea of negative energy states.
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Bosons have no single ¥ w component of weak charge and so are not antisymmetric

to a reversal in the sign of spatial coordinates. Particles with 2w, like the

K mesons, bshave llke those with zero weak charge; there is a mass splitting
between K and KO due to the 2w weak component though there is no mass splitting
for partlcles w1%h *‘w, the decay of K2 consequently breaks the time-reversal
symmetry rather than that of space reflgctlon. The status of space and time is
not, therefore, reversed when the imaginary space-time symmetry is introduced into
the otherwise asymmetric wave equation for bosons. The modification in the
resulting Klein~Gordon equation is made in this instance to the time part of the
wave equation and describes particles with integral spin. Space remains the

real and time the imaginary parameter, mass-energy remains positive and the anti-
particles are simply a result of CPT symmetry. The ¥ sign of charge is effectively
introduced into the Dirac equation for fermions with the prediction of negative
energy states, but it does not occur in any form in the equation for bosons; this
equation describes particles with a single sign of charge. Time becomes space-
like and unidirectional (by symmetry with positive mass) and the time-reversal
symmetry is thus also preserved for particles in a single charge state. Bosons,
therefore, have symmetric wave functions and are not subject to the Pauli exclusion
principle.

(20) Thermodynamics

The exact definitions of the physical parameters, as specified by their symmetry
group, are relevant to all branches of physics. Thermodynamics provides an
example of how, through quantum mechanics, they can be used to predict general
conceptual laws even for the behaviour of such complex laerge-scale physical
systems as solids, liquids and gases whose exact properties are unknown.

The laws of thermodynamies introduce a phenomenological term heat, defined in
terms of conservation of energy by the first law, which refers to the transfer
to or from a system of a quantity of kinetic energy which includes a component
of purely random motion. Classically, such random motion is of unknown origin
or merely expresses our lack of knowledge of the many variables which determine
the behaviour of the system. However, it is possible to advance a qualitative
explanation of the experimentally established second and third laws of thermo-
dynamics on the assumption that the random motion of the particles of all matter
is essentially of quantum mechanical origin and is ultimately a consequence of
the localisation property of charge.

In any system involving ultimate particles acted on by nongravitational forces

we have energy states which are expressions of the uncertainty of locating masses
in space and time; energy available to the system is necessarily always partly
absorbed into these translation, vibrational and rotational modes of random motion,
which derive from the statistical or uncertain element in quantum mechanics, In
other words, some of the energy of the particles which make up solids, liquids
and gases is always occupied with the fundamental uncertainty of the spatial and
temporal coordinates of the masses. Such notions have no place in classical
 mechanics: from this point of view, since classical notions of energy and work
are based on the actual positioning of masses in space and time, this means that
energy in such a form has become partially unavailable to do work (i.e. move a
forece a certain distance). Since some such uncertainty is fundamental to ell
quantum mechanical situations, then it is clear that, in any interaction between
energy and & quantum mechesnical system, a part of the energy which was originelly
available to do work mst become unsvailable. Thus, when energy is supplied to
8 quantum mechanical system it must be partially converted into that required to
determine the coordinates of the system, that is it must be partially absorbed
into random modes of motion. Assuming that information which has been lost |
cannot be recovered, it follows that eny energy which becomes unavailable must
remain unavailable, even though it may be transferred from one system to another.
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Now, if heat is exchanged between two systems, then an energy exchange must
take place at the quantum mechanical level, beceuse the heat energy always
inecludes kinetic energy due to random motion; some fundamental quantum
mechenical change must have taken place in both systems and some energy,
formerly available to do macroscopic work, must have been transferred to
quantum mechanical uncertainty states. Thus, if heat is involved in a
physical change, then it is obvious that there will be an increase in the
total amount of unavailable energy as a result of the change, whereas if

the change is accomplished so that no heat enters or leaves a particular
system, then it is equally obvious that there will be no increase or decrease
in the amount of unavailable energy within the system. These conditions
constitute the second law of thermodynamies. It is expressed in mathematical
terms by the definition of a new quantity, entropy, which can be shown to be

a direct measure of the thermal disorder in a system and which alwsys increases

for any physical process in which a quentity of energy becomes unavaileble for
work.

One further result is obtained by defining a phenomenological quantity,
temperature, which is a direct expression of the kinetic energy of a system.
At absolute zero of temperature, when the kinetic energy of the system
disappears, we would also have zero entropy. Since such a situation is
quantum mechanically impossible, it is therefore impossible to reduce any
large-scale physical system to a temperature of absolute zero. This is

the third law of thermodynamics.

(21) The Direction of Time

Time is, like mass, a one-dimensional continuum and is, therefore, unidirectional,
though, unlike mass, it is an imaginary parameter and hes the symmetrical .
properties associated with the existence of its mathematically indistinguishable
positive and negative values. This unidirectionality ensures that time symmetry
cannot be equated with reversibility in dynamical processes. In fact, the
properties of a dynamical system are, on the whole, Irreversible because they
depend on both the laws of motion and the initial conditions of measurement.

The former are insensitive to a reversal in the sign of the time coordinate,
because they are expressed in terms of acceleration, and hence are reversible;
while the latter, which are expressed in terms of velocity, are sensitive to

a reversal in the sign of time and are irreversible. The second law of
thermodynamics allows us to identify the direction of time as determined by

a sequence of irreversible dynamic events. The increasing disorder in the
energy distribution of the universe predicted by this law is irreversible

to the extent that the direction of time is irreversible.

Now, according to the Dirac theory of matter, the existence of antimatter is
predicted by the negative energy solutions of the relativistic wave equation.
In fact, the antistates, which are required to explain the physical meaning
of the two mathematically indistinguishable signs of imaginary charge, are
introduced into the theory along with the additional imaginary space-time
symmetry of relativity. According to quantum theory, of course, the negative
energy states are equivalent to negative time states. Thus a prevalence of
positive energy states over negative energy states or matter over antimatter.
By a further consideration, the conservation of energy ensures that negative
energy states can only be ereated at the same time as positive energy states;
antimatter can only be produced at the same time as matter. Disordered
radiation cannot produce ordered matter without also producing antimatter
which can recreate the disorder; the negative energy states are, in effect,
equivalent to positive entropy states. Of course; "negative" energy hss

no physical significance in itself and is merely e mathematical device of

the Dirac theory, for, on the principle of CPT invariance, antimstter actually
describes the absence of negative energy, and the true mass-energy associated
with either particles or antiparticles is always positive.
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(22) §pontaneous Symmetry Breaking

In prineiple, all nongravitational forces should be identical; in real systems,
however, differences arise to set each force apart.from the others in magnitude

and in characteristic properties. This is now generally attributed to the process
of spontanecus symmetry breaking, which allows forces to remain symmetriec in
prineiple, while an ssymmetry is introduced by the quantum or energy state of the
system. In the week interaction, this results in the weak field acquiring the
three intermediate vector bosons W*, W and Z; in the unified theory of weak and
electromagnetic interactions, the differences between the forces are attributed

to the original mess differences between the intermediate bosons and the photon,
and these exchange particles are grouped into a single family. The electromagnetic
part of the unified gauge symmetry remains unbroken because the photon is massless.
The masslessness of the photon, of course, also ensures that quantum electro-
dynamics is renormslizable, but, with the addition of the neutral Z particle to

the theoretical scheme, the combined theory also becomes renormalizable,

New theories suggest that even the strong interaction is separated from the weak
and electromagnetic only by the spontaneous breaking of a symmetry. It is
supposed that, before the symmetry bresking, all the three forces were of the
same strength and all the quarks and leptons were massless; there were three
generations of fermions (becsuse there were three forces?), each including two
quark flavours and two leptons; the spontaneous symmetry bresking then imparted
masses to all the fermions except for one neutrino in each generation. Such
theories have been successful in accounting for the masses of the heavier quarks,
which cannot be derived from the masses of the lighter mesons and baryons, and
they have also been able to accommodate the new heavier leptons.

The unified theories are a natural result of a quark theory based on unit charge.
Spontaneous symmetry breaking may be expected to result from situations in which

the masses of particles result from the absence of charges which should otherwise

be present to maintain symmetry. The unified theories also assume a close relation-
ship between quarks and leptons with a mechanism for interconversion within families,
and we have seen that each known lepton has an identical charge structure with

(and may even be identical to) one particular quark of the appropriate flavour.

(23) The Equalization of the Four Forces

The figure of 1015G9V for the energy at which the three nongravitational forces
are expected to be equal is obviously of some special significance and it may
be reasonable to speculate that it is related to the size of the gravitational
interaction, If the value of the electromagnetic charge increases with increas-
ing energy of interaction, then, according to the property of group multiplication,
¢ must decrease from the value measured by this interaction. Iet us suppose,
for a fundamental charge Q, that the expression
2

Q = he
is needed to explain the quantization of energy, and that U = 1015GeV is the energy
equivalent of two particles of mass m whose gravitational force is exactly equal
to the force between two fundemental charges over the same distance.

i.e. GITl2 = Q2 2 ]-I.
Now U= 2me” = 2mQ
he

and so Q2 = (}U?h"l
1Q8

Q10 - GUzhh

Iy _
This gives a velue for Q2 of 2.2 x 10-27 Nm2 which must be close to the predicted

value since it lies between those found for the electromagnetic and strong inter-
actions.
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We can thus postulate the existence of a fundamentsl unit of mass equivalent
to the fundamental unit of charge. If dimensional analysis is applied to
reduce the fundamental constants h ,c and G to unity, we can also derive a
fundamental ugit of length, (Gn/e3 )z or R/2, where R is the Schwarzschild
radius (2Gm/c ) for mass m, and a related unit of time, R/2c. The funda-
mental unit of length wo %d be the size of particle required to maintain a
fundsmental charge at 10'°GeV or with mass m. Replacing h by A produces
units of length and time which are of the order at which the supposed effects
of quantum gravity become significant. The existence of such fundamental
units as Q, my R/2 and R/2¢ indicates that, for systems involving charges,
there is a fixed relationship between each of the members of the group of
order L. This relationship emerges from the equations relating msss and

energy, introduced by the li-vector system, and energy and time, introduced by
quantum mechanics.

{2L,) The Fundamental Constants

It is unlikely that the value of any of the fundsmental constants is arbitrary.
The measured values for the strong, weak and electromagnetiec charges and their
relationships to the fundamental charge will presumsbly emerge from the detsils
of the unified gauge theory of the three interactions. It may be significant
that the strong charge appears to be of order (2hc)z, where ¢ is the mesasured
value of the velocity of light; the strong charge may determine the value of
this latter constant (to equate the field energy between two confined charges
to the energy required to confine the particles! wave functions), The measured
valug for the velocity of light determines the "bare charge" of the electron,
(hc)2 (which is related to the Compton wavelength fic/me), and the Coulomb
charge e results from renormalization. There is a pessibility that the Coulomb
charge is equal to the hypothetical bare charge Gﬁc }? at that velocity of
light at whlch all four forces a*e equal; the valu@ of o, depends critically
on the ene¥§y ;3 forU~3 x 10 GeV c/co ~ 1/ 15 and e2/LTTE = he,, but
for U~10'> GeV, c/cg~2/30¢ and for U’“’O 5x10°° GeV, c/conr 1/20¢ .

The fine structure constant OC may well determine the c/c0 ratio and, because
it results from renormalization, it is also related to the ratio of strong

and electromapnetlc charges (s2/e? = hTT”/Cf 1. The valus of the weak charge
is unknown but eZ/w > 2 1/WTT X and 52 /w2 2 /X ; if s%/wl = T/Cf 2, then
the ratio of strong to weak field energies could be comparable to me /mcoe.

The exact reasons for these relationships between ¢, coy €; s and w are not yet

established but they seem to depend only on the walue of the fine structure
constant,

If the fine structure constant is derived either from renormalization or from an
independent derivation of s/e or /mg the remaining problem will be the actual
mass of the electron or its charge to mass ratio. There have been several
speculations concerning this ratio and the associated classical radius. Some
of these are linked with cosmological phenomena such as the Hubble redshift.

One such speculstion may be made by returning to the question of inertial forces.
We described inertia as an intrinsic property of mass without need of physiecsl
explanation, the preferred role of inertial frames in classical mechanics being
a consequence of the imaginary nature of time, but it is nevertheless often
convenient to assume the existence of fictitious inertiml forces to preserve

the form of Newton's laws of motion in the noninertial frames resulting from
states of absolute rotation. We may suppose that inertial forces are the
result of choosing an electromagnetic system of measurement to describe the
movements of bodies governed by gravitational forees. The effects of these

may well be similar to those predicted by relativistic-type theories if we

could remove from the latter the supposed nonlinear effects of gravity.

The true space-time of classical mechanics is such that it desceribes an inertial
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frame of reference. However, applying a L-vector space-time with invariant c
produces, by application of the Lorentz transformations, apparent effects of
rotation of the coordinate system; classical mechanics nevertheless preserves
its form by assuming the existence of absolute rotations which need not be
generated by physical forces. We may assume that the apparent rotation produced
by the h~vector space-time is analagous to the magnetic force in electromagnetic
systems and that it is equivalent to the effect of a fictitious inertial force,
deseribed by

F w -Kma
where K, the ratio of gravitational to inertial mass, is of the form (L TT /3)G
(r/c)¢ for a sphere of radius r enclosing matter of mean density © . (there

is some doubt about the exact expression for K, but it is certainly of this order).
With K made unity by choice of units and taking @ to be the mean density of the
universe Q ,, we may define a radius ry (the Hubble radius) at which the measured
force of inertia on mass my would be identical to the fictious acceleration (a)-
dependent inertial force produced by the enclosed matter (mp)

FmGmm a¥ = LT Gm O r2a¢
(oL 3 c2

( ¢ s the angular dependence is assumed to be unity for the approximate calculat-
ion.) (9) With the gravitational force defined as the static part of the inertial
interaction, we may derive the external gravitational field of the matter within
the Hubble radius as Gmy/ry° where m; = (L/3) T @y ry3. At ry, the inertial
force of repulsion equals the gravitational attraction, and massive bodies have

an apparent velocity ¢ and acceleration ¢/t, where t is a time of interaction ry/c.

Assuming that the inertial electron mass is fundamental and equal to that which
would be "caused" by the inertial reaction of the other matter within the Hubbls
radius, we would expect the external gravitational field of the electron Gmg/rg° to
be of the same order as the inertial reaction on unit mass (i.e. Gmy/ry?); the
electron of radius ry thus remains stable because the apparent inertial resaction

or repulsive force due to the other matter within r,; exactly equals the attractive
force of gravitation. With the exact relationship mgre = ez/h'TrEzocz also known,
we may derive individual values for the electron mass and classical radius for any
assumed mean density of the universe.

In general, a body within the Hubble radius at distance r will have an apparent

acceleration v/t and an apparent velocity v, where t is the time of interaction
rv/c. Hence

r = vry/e = v/H

where H is the Hubble constant. Any actual veloecity of source would not alter

the measured value of ¢ but v is a fictitious velocity due to the choice of
reference frame. The relationship between v and r produces a progressive apparent
slowing down of light over distance, with a steady decresse of frequency due to

the effects of the time of interaction ry/c. This is equivalent to a de-energising
of photons; the energy lost becomes background radiation because it is a measure
of uncertainty or retardation due to the finite interaction time. The uncertainty
is a measure of our lack of knowledge of the true (classical) space-time; such
uncertainty is a fundamental component of matter and ensures that space always has
a mean temperature whose precise value is related to the mean density of matter

and may also depend on the ratio of matter to antimatter in the universe.

If any such theory is correct, the mean density of the universe is a significant
quantity in determining the value of fundamental constants. In a universe of
mean density equivalent to that of a fundamental charge ( 6?0), all forces would
be of equal strength and ¢ would be Cy. The differences between the strengths
of the three nongravitational interactions appear to be related to the fine
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structure constant ( C{ ) and so it is probable that the latter is related
to, and possibly even determines, the observed mean density of the universe.
According to current estimates of the Hubble constant, my /Mg Te —~ 10'2h
end my/mg~~10%2; where my is the mess equivalent of a fundamental charge;
the former number is of the same order as exp (27T /3(X ), which is of
possible significence in the renormalization of the electronts mass, but
whether this establishes a genuine connection between © y and CC has yet
to be decided. o

(25) The Unifying Symmetry

Physical theories are usually considered successful when they explain a
considerable number of facts with a minimum of assumptions. Fundamental
physics certainly presents us with a considerable number of facts to explein,
but many modern theories, being speculative, have actually multiplied, rather
than reduced, assumptions. It is especially significant that none has
attempted to reduce the most fundamental assumptions of all, those concerning
the fundamental parameters space, time, mass and charge. Here we propose
that this task may be accomplished by applying to these parameters that concept

of symmetry which has been so successful a unifying principle in other areas
of physics.

There are reasons for believing that symmetry is a fundamental aspect of the
natural world and our only assumption is that the general property of symmetry
mist apply in particular to the actual process of measurement. Thus, if we
begin by defining the parameter space to possess the properties which we

would expect of a system of direct measurement, then the existence of parameters
with the characteristic properties of time, mass and charge is necessary to
preserve the general symmetry of nature. The mathematical character of physical
laws is a result of these inherent characteristic properties and the most i
convenient presentation of the general symmetrical relationship between the
parameters also takes mathematical form as a group of order l.

Individual laws of physics evolve from particular aspects of this general
symmetry. A fundamental distinction between mass and charge enables us to
define a system (i.e. method of measurement) which excludes the latter; the
conditions which are necessary for such a system to exist are the laws of
classical mechanics. A symmetry which exists between mass and charge then
allows us to extend the concept of force to charges; at the same time we

are obliged to recognize a complementary symmetry between space and time.

The combination of these two conditions leads directly to the laws of eleectro-
magnetics and eventually to those of guantum mechanics and thermodynamics. A
further symmetry, that between space and charge, when combined with the
general CPT invariance, is responsible for the system of coloured quarks
representing unit charges; from this we derive the properties of the
fundamental particles and the identifying characteristics of the electro-
magnetic, strong end weak interactions. The unified gauge theory for these
interactions, involving the process of spontaneous symmetry breaking, emerges
naturally from the system. It enables us to find relationships between some
of the fundamental constants and there is every probebility that further such
relationships will be discovered as the details of the theory are worked out.

Though there is possibly an area of doubt as to whether classical or relativistie
theories should be accommodated to the general structure of fundamental physies
(the former being favoured by the logical derivatien), there is no major law or
principle of physics which cannot be derived from the symmetrical properties of
the parameters. By using simple conceptual arguments, we heve demonstrated

that the many assumptions concerning forces and particles can be replaced by

a single unifying symmetry which is, in effect, the most fundamental principle
of physies.
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