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PREFACE

At the time I first undertook publication of the results of my
investigation of basic physical processes it was my belief that those
individuals to whom the presentation was primarily addressed, the
experts in that field, would have no difficulty in understanding the
new theories and concepts developed in my work, and that my major
objective should be that of proving the validity of the new theoret-
ical structure. My first book, The Structure of the Physical Universe,
therefore outlined the new theories in what I believed was an ade-
quate, although rather brief and highly condensed, manner, and was
principally concerned with carrying the development of the theo-
retical structure into minute detail in a number of areas in order
to show that the conclusions derived from the new theories were in
agreement with the observed facts to a hitherto unparalleled degree
of accuracy and completeness. By this time, however, it has become
apparent that existing habits of thought are much more firmly en-
trenched than I had realized, and that even where an individual has
a genuinely receptive attitude toward new ideas it is very difficult
for him to accomplish the reorientation of thinking that is necessary
for an understanding of the nature and implications of the new
concepts upon which my theories are founded. The effectiveness of
the proof which I have offered has therefore been lessened to a
considerable degree by reason of a widespread inability to understand
just what it is that I am proving.

Obviously some more extended and detailed explanations of the
new basic ideas are essential, and my more recent publications have
been directed toward that end. In The Case Against the Nuclear
Atom 1 subjected one of the principal segments of modern physical
theory to a searching and critical examination, with the objective
of showing that present-day theory, in spite of its impressive accom-
plishments in many areas, is full of defects and inconsistencies, and
fails by a wide margin to meet the demands that are imposed upon
it by the continued progress of experimental discovery; hence the
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vi PREFACE

door is wide open for the construction of a new and better theory.
In Beyond Newton I presented what may be called a “vertical cross-
section” of the new and better theoretical structure that I have
developed in response to this need, taking one particular subject,
gravitation, and following it all the way from the fundamental postu-
lates of the new system down to the minor details, demonstrating
how accurately the findings of the new system reproduce the beha-
vior and characteristics of this phenomenon which has presented so
many difficult problems to previous theory.

Having thus introduced my work and established its general
background in these previous publications, I believe it is now appro-
priate to present a concise unified picture of the new theoretical
structure as a whole—a bird’s-eye view of the entire development—
and this present volume is designed for that purpose. Since the new
concepts of the nature of space and time which have emerged from
my investigation are the essential elements of the new structure, the
plan of the book is to develop the background of these concepts in
full detail, and then to explain, somewhat briefly, their application
to each of the general fields of physical science, with particular em-
phasis on the simple and logical answers, usually of a totally unex-
pected nature, which the new system provides for the major unsolved
problems of physics.

In carrying out this program, a certain amount of duplication
of material previously published is, of course, unavoidable, particu-
larly since it seems desirable that the book be self-contained, but
an effort has been made to hold this duplication to a minimum.

DeEwEY B. LARsON
April 1965
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It is not, I believe, too much to say that all the vital
problems of philosophy depend for their solution on the
solution of the problem of what Space and Time are and
more particularly how they are related to each other.

SAMUEL ALEXANDER!

The problem of time has always baffled the human mind.

HANs REICHENBACH?

The modern advances in thermodynamics, relativity,
cosmology and information theory, instead of clarifying
our insight into this basic notion (time), seem so far only
to have added to the general confusion.

Max BrLack3

There will have to be some new development that is
quite unexpected, that we cannot even make a guess

about.
P. A. M. Diract



CHAPTER 1

Introduction

In my previous publications I have begun the presentation of
a new theory of the structure of the physical universe which has
emerged as a result of a careful and critical reexamination of basic
physical processes on which I have been engaged for more than a
quarter of a century. In all essential respects this new theory is just
the kind of a product that the scientific world would like to have.
It is a unified theory; all of the principles governing all sub-divisions
of physical activity are deduced from the same premises: two funda-
mental postulates as to the nature of space and time. It is a
self-consistent theory; there are no internal contradictions or incon-
sistencies. It is an accurate theory; all of the deductions from the
postulates are in full agreement with the results of observation and
measurement, within the margin of accuracy of the latter or, at
least, are not inconsistent with any of these results. It is an unequiv-
ocal theory; the consequences of the postulates are specific and definite
and at no point is there any recourse to a “postulate of impotence”
or other evasive device to avoid admitting a discrepancy. It is a
rational theory; it provides definite and specific explanations for
everything that happens, without calling upon ad hoc forces or tran-
scendental agencies. It is a complete theory; the logical and unavoid-
able consequences of the postulates describe, both qualitatively and
quantitatively, a complete theoretical universe, and it is not necessary
to utilize any supplementary or auxiliary assumptions, nor is it
necessary to introduce the results of observation as a foundation for
the theoretical structure, because the theoretical deductions from the
postulates provide for the existence of the various physical phenomena
—matter, radiation, electrical and magnetic phenomena, gravitation,
etc.,—as well as establishing the relations between these entities.

The appearance of a new and revolutionary theory of this kind,
one which is actually a complete and comprehensive inter-related
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2 NEW LIGHT ON SPACE AND TIME

system of theories, rather than a single theory of limited applica-
bility, and which is free from the weaknesses and contradictions of
existing theories, thereby enabling physical science to overcome the
serious difficulties with which it is now faced in many areas, is by
no means an unexpected phenomenon. As expressed by Dirac, “Most
physicists . . . are inclined to think one master idea will be dis-
covered that will solve all these problems (of present-day science)
together.” It is also generally realized that this “master idea” will
involve some radical modification of existing thought. Dirac warns
us specifically that the “‘unexpected new development” which he pre-
dicts may require a “drastic change in our physical picture,” and he
goes on to point out that the need for such a change implies the
existence of serious conceptual defects in current theories: “This
would mean that in our present attempts to think of a new physical
picture we are setting our imaginations to work in terms of inadequate
physical concepts.”*

But those who agree in principle that existing ideas must be
drastically modified—a category that, as Dirac says, includes “most
physicists”—are not nearly so willing to accept any specific proposal,
regardless of its credentials, because any really new idea will inevi-
tably conflict with some cherished belief of long standing. From a
purely logical viewpoint, the items listed in the first paragraph come
about as near as we can expect to get to an ideal theory but, as a
rule, scientists are inclined to add one more requirement: the new
theory must not disturb existing habits of thought in any more than
minor and incidental respects. Some attempts have even been made
to set this up as a scientific “principle.” Ernest Hutten, for example,
expresses the sentiment in this way: “certain logical requirements
must be met when theories are constructed. A new theory is to be
constructed so that it contains the previous theory as a lower approxi-
mation.”s This sounds more reasonable than a flat refusal to enter-
tain any new basic idea, but it amounts to the same thing; it is a
demand that the new theory refrain from disturbing fundamental
ideas, that it be an extension or modification of the theory that it
replaces, not a substitute for it. Heisenberg makes it even more clear
in the following statement that the modern physicist, if he concedes
anything at all, will limit his concession to inches:

Indeed there could apparently be no objection to an assumption
that, say, the radium atom possesses hitherto unknown properties
which accurately define the time of emission and the direction
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of an alpha particle. However, a more detailed analysis shows
that such an assumption would force us to consider as wrong
those very statements of quantum theory which allow an accurate
mathematical prediction of experimental results. We have, so
far, had every reason to rely on those parts of quantum mechanics.®

Here we have a plain statement of the present-day physicist’s
position: he will not listen to any proposal that would force him
to give up basic ideas that have met with much success. No doubt
the average layman will be inclined to sympathize with this stand,
and the reaction of many reviewers to the contentions advanced in
my previous books shows the same attitude. As one of them puts it,
his “main criticism” of The Case Against the Nuclear Atom is that
I have emphasized “every weak point and apparent failure” of the
nuclear theory and have paid little attention to its successes.” All
of these individuals, laymen, reviewers, and eminent physicists alike,
are missing the point. It is the weaknesses and failures of a theory
that determine its ultimate fate, not its successes. From the stand-
point of ultimate survival, its successes, however great they may have
been, are wholly irrelevant. Even Hutten, who wants to perpetuate
existing theories by incorporating them into their successors, admits
that whatever successes these theories may have achieved are no
guarantee of validity. “False theories,” he says, “may be quite suc-
cessful, particularly if they are vague and their meaning cannot be
given clearly.”®

In the final analysis, the validity of a theory cannot be judged
by what it has done; the crucial test is what, if anything, it fails to
do. Present-day physicists are quick to recognize this point in appli-
cation to the theories of their predecessors. The Ptolemaic theories
of astronomy, for instance, met all of the demands upon them
for more than a thousand years, a record of achievement that far
surpasses anything that a modern theory has to offer, yet they
were ultimately superseded because improved observational facilities
brought new demands which these theories could not meet. Newton'’s
gravitational theory, the most successful physical theory of all time
—one which, in spite of some loss of glory in recent years, still re-
mains the basis for all practical work in its field—was elbowed aside,
despite its impressive record, simply because a challenger seemed to
offer better explanations for certain obscure phenomena, the true
significance of which is still a matter of controversy.

But this principle that a theory cannot rely on past successes and
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must meet all present-day requirements in order to survive, which
seems so clear to the physicists in application to the theories of
Ptolemy, Newton, and other scientists of past eras, is not recognized
as applying to their own theories. Even though the reviewer admits
that “weak points and apparent failures” exist in the nuclear theory,
he contends that the successes of the theory warrant its retention.
Even though Heisenberg concedes that only “parts” of quantum
theory have been successful and that the success is purely mathe-
matical, he still wants to veto any new thought that would “force
us to consider as wrong” the basic tenets of the theory.

Unfortunately, this requirement that the physicists wish to impose,
the requirement that a new theory must be evolutionary, not revo-
lutionary, and must leave present basic concepts intact, is wholly
unrealisticc. We cannot have progress without change, and if we
propose to take a big step forward, as in this case where we propose
to substitute a unified, all-embracing theoretical system for many
independent or semi-independent theories of limited scope, there
must necessarily be some substantial changes in basic concepts, how-
ever distasteful this prospect may be to individuals who resent being
forced out of the comfortable groove of familiar thought. The
physicists who cling to the hope that “drastic changes” can take
place without disturbing any of their cherished ideas of long stand-
ing are simply daydreaming. The mere existence of difficulties which
are serious enough to give rise to frequent predictions of “drastic
changes” is sufficient evidence to show that there is something wrong
with the foundations of existing physical theories and that mere
tinkering with these theories will not suffice. There must be a major
change that goes all the way down to the root of the trouble.

As Thomas Kuhn characterizes the transition from the old to
the new in basic physical theory in his book The Structure of Scien-
tific Revolutions, this change is not

one achieved by an articulation or extension of the old paradigm.
Rather it is a reconstruction of the field from new fundamentals,
a reconstruction that changes some of the field’s most elementary
theoretical generalizations. . . . When the transition is complete,
the profession will have changed its view of the field, its methods,
and its goals.®

The new theoretical system which I am presenting in the current
series of publications involves a major reconstruction of the type to
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which Kuhn refers, one which is particularly drastic inasmuch as this
system is something of a totally different nature from anything pre-
viously formulated. I am not presenting a new theory of atomic
structure, or a new theory of gravitation, or a new theory of the
cosmic rays, or a new theory of electricity and magnetism; I am
presenting a theory of the physical universe from which complete,
consistent, and inter-related explanations of atomic structure, gravi-
tation, the cosmic rays, electricity and magnetism, etc., can be derived.
It is not, strictly speaking, a new theory of the universe, because
nothing of this nature has ever been developed before. No previous
theory has come anywhere near covering the full range of phenomena
accessible to observation with existing facilities, to say nothing of
dealing with the currently inaccessible and as yet observationally
unknown phenomena which must also come within the scope of a
complete theory of the physical universe.

I realize, of course, that even if I were not challenging some of
the most cherished ideas of the scientific profession, far-reaching
claims such as those which I am making on behalf of my new sys-
tem in the foregoing paragraphs would be looked upon with disfavor,
if not outright hostility, in scientific circles. Progress in the scientific
field consists primarily of successive small advances, with long periods
of testing and verification—and occasionally some minor retreats—
intervening between the forward steps. Caution and modesty in
making claims for new developments have thus come to be regarded
as important scientific virtues and broad claims are looked upon
as savoring of non-science or pseudo-science. In deference to this
prevailing attitude I would be inclined to tone down the presentation
and deliberately understate the case for the new system were it not
for the fact that this would be, in effect, a gross misrepresentation
of what I am offering. When I first undertook this investigation I
was aiming at a much more modest goal, but since the ultimate
product turned out to be a comprehensive theory of the universe,
I do not believe that I am justified in presenting it in any other
light than that of a comprehensive theory of the universe.

Furthermore, I have no choice but to emphasize the fact that
the agreement between the results of observation and my new theo-
retical system, the Reciprocal System, as I call it, because its dis-
tinguishing characteristic is the concept of a general reciprocal rela-
tion between space and time, is full and complete, since anything
short of this would completely undermine the method of proof upon
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which I am relying to establish the validity of the system. What I
am prepared to do is to demonstrate that the mathematical proba-
bility of any error in the basic structure of the system is negligible.
This can only be done if the structure is specific and unequivoca
so that it can be checked against experience, far-reaching so that it
can be tested in an extremely large number and variety of applica-
tions, and absolutely free from conflict with any positively known
fact so that the cumulative effect of the individual tests will establish
an overwhelming probability that no conflict exists anywhere. Under
these circumstances even a modest amount of modesty would be
fatal. Thus I have no option but to present the system in its true
colors, and to assert positively and categorically that this system
complies fully and explicitly with all of the foregoing requirements
for proof by the probability method, and that I am prepared to
demonstrate this compliance.

Not only is this the first unified theory of the universe, and the
only major physical theory that is prepared to prove its validity; it
has another characteristic that should recommend it to those who,
like Louis de Broglie, find themselves somewhat bewildered by “theo-
ries which, for the moment, strike one as having been lost in abstrac-
tion.”1® The Reciprocal System portrays the universe as basically
simple, understandable, and wholly rational.

There is no scientific basis upon which we can justify a contention
that the universe must have these characteristics, but they are com-
monly recognized as desirable, and even the scientists who feel that
they are forced to abandon one or more of them in the construction
of new theories do so regretfully and with a sense of loss. Niels Bohr,
for example, admitted that the “resignations” of this kind that had
to be made in the development of quantum theory “might well be
regarded as a frustration of the hopes which formed the starting
point of the atomic conceptions.”** But modern science has recon-
ciled itself to frustration and has come to the conclusion that an
understandable general theory is unattainable. “Insistence on the
postulate of complete logical clarification would make science im-
possible,”? says Heisenberg. We are even told that for further prog-
ress we must give up whatever small degree of comprehensibility still
remains in modern theory. Capek, for instance, contends that “A
radical abandonment of visual and imaginative models in modern
physics is absolutely imperative if the meaning of the present crisis
in physics is not to escape us entirely."?
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This present work does what Heisenberg claims is impossible:
it presents a theory derived in a clear and logical manner from defi-
nite and unequivocal initial postulates, one that is both consistent
with all experience and fully understandable in all of its aspects.
Furthermore, in defiance of Capek’s dictum, it lends itself readily
to representation by pictures and models. For example, the structure
of the atom, as it emerges from the theoretical development can be
quite clearly represented by nothing more than two pieces of card-
board, as will be brought out in the subsequent discussion. I do
not by any means contend that the new theoretical structure is so
simple that anyone should grasp it in its entirety at first sight. But,
unlike “modern physics,” the Reciprocal System has no aspects which
are inherently vague or incomprehensible, and there is nothing in
the theory itself which should stand in the way of a clear under-
standing. Whatever difficulty may be experienced in this respect will
be due to roadblocks set up by previous commitments to other lines
of thought. As expressed by Dyson:

The reason why new concepts in any branch of science are hard
to grasp is always the same; contemporary scientists try to pic-
ture the new concept in terms of ideas which existed before.:

At this juncture the question naturally arises, Just how was this
accomplished? How is it possible for the Reciprocal System to attain
a full agreement with experience without sacrificing any of these
desirable features—simplicity, understandability, and rationality—
when modern physics has had to sacrifice all of them to attain a
partial agreement with experience? The details of the methods that
were utilized will be discussed later, particularly in Chapter 1V, but
it is possible to summarize the answers to such questions as the fore-
going by borrowing an expression from Bridgman and saying that
what this new work has done, in essence, is to widen the horizons
of physical theory.

One of the unfortunate consequences of the inability of modern
science to arrive at logical and rational solutions of its major prob-
lems has been the emergence of a tendency to lay the blame on nature
itself rather than on the inadequacies of the theorists’ efforts. As
expressed by Bridgman in the statement to which reference has just
been made:

The revolution that now confronts us arises from the recent dis-
covery of new facts, the only interpretation of which is that our
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conviction that nature is understandable and subject to law
arose from the narrowness of our horizons, and that if we suffi-
ciently extend our range we shall find that nature is intrinsically
and in its elements neither understandable nor subject to law.1

The difficulty here is that Bridgman (together with the community
of physicists whose views he is expressing) has failed to distinguish
between experimental horizons and theoretical horizons. Nature is
rational and understandable when the horizons of the theories by
which man endeavors to reach an understanding of that which he
observes are coextensive with his experimental and observational ho-
rizons. A century ago this was true. At that time the experimental
range did not extend beyond the region in which the physical laws
formulated by Newton and his successors—the so-called “classical
laws”—are valid, and as a result the known physical phenomena were,
in general, understandable and capable of explicit theoretical rep-
resentation. Subsequently the advance of experimental science has
carried observational knowledge into entirely new areas, and it has
been found that in these areas the classical relations no longer hold
good. Modern physicists have therefore attempted to find laws of
_wider scope and greater generality, but they have found it impossible
to secure this wider coverage and also maintain the clear and une-
quivocal nature of the classical relations. As Bridgman says, the only
interpretation which they have been able to place on these facts is
that nature is not inherently rational or understandable, and modern
theories have therefore been constructed without regard for these
two qualities which had previously been regarded as prime requisites.

Not everyone is content to accept this situation. Erwin Schréd-
inger, for instance, says that “In the face of this crisis (in physical
theory) , many maintain that no objective picture of reality is possible.
However, the optimists among us (of whom I consider myself one)
look upon this view as a philosophical extravagance born of de-
spair.”1¢ Louis de Broglie tells us explicitly, “What seemed to me to
be eminently desirable was . . . a return to precise space-time repre-
sentations which could give a clear picture of what they were sup-
posed to portray.”” W. H. Watson comments on this viewpoint as
follows: '

de Broglie knows that experimental physics deals with no figment
of the imagination but with the real world in which we live.
Physical theory must come to terms with the actualities on which
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we depend when we investigate nature. Accordingly, de Broglie
is not disposed to accept the wave-particle duality without imagin-
ing a physical mechanism that can transport an electron, for
example, from its source to the place where it is detected.'®

Watson quotes an admission by L. Rosenfeld of Copenhagen that
“young physicists are raising doubts about the correctness of the
basic ideas of quantum mechanics,” and points out that “The rea-
son . .. is probably the simple one that they are dissatisfied with
these ideas, at least as presented in accordance with current fashion.”?®
No more than a very elementary knowledge of human nature is re-
quired in order to realize that such a reaction is inevitable. A baffled
generation of physicists may renounce the understandability of nature
in an “extravagance born of despair,” as Schrédinger puts it, but
they cannot enforce this renunciation upon the next generation.
Alexandre Koyre states this case very clearly:

Thus I believe that we are entitled to conclude, tentatively, at
least, that (i) the positivistic phase of renouncement, or resig-
nation, is only a kind of retreat position, and it is always a tem-
porary one; (ii) although the human mind, in its pursuit of
knowledge, repeatedly assumes this attitude, it does not accept
it as final—at least it has never done so until now; and (iii)
sooner or later it ceases to make a virtue of necessity and con-
gratulate itself on its defeat. Sooner or later it comes back to
the allegedly unprofitable, impossible, or meaningless task and
tries to find a causal and real explanation of the accepted and
established laws.2°

The present investigation has done just exactly this. Refusing to
accept defeat as final, it has “come back to the allegedly unprofitable,
impossible, and meaningless task” and has found it profitable, pos-
sible, and meaningful. According to the findings of this investigation,
nature is just as logical and rational in the far-out regions as it is
in the everyday world of our normal experience, and it can be just
as understandable if the horizons of theory are extended far enough
to encompass those regions that have recently been penetrated by
the experimenter and the observer. This is what modern theorists
have failed to do. However incredible it may be to those who have
been taught from childhood to regard modern physics—particularly
Relativity and the quantum theories—as profound revolutions in
scientific thought, it is nevertheless true that the universe which ap-
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pears in the theories of Einstein, Bohr, and Heisenberg is the same
universe for which Newton’s Laws were fashioned. The theorist still
remains within the old horizons while the man in the laboratory is
now exploring the regions beyond the rim.

Many details have been added by modern scientists, to be sure,
and there have been some significant changes in viewpoints, but
basically the object of modern scientific study is the same universe
that Newton visualized. Whatever modifications have been made have
not been in the direction of extending the theoretical horizons, but
in the direction of making the theories more “abstract,” a currently
popular euphemism for “vague.” Einstein postulates relations be-
tween space and time that are altogether foreign to Newton’s ideas,
and he has deprived the magnitudes of these entities of much of
the permanence that Newton attributed to them, but nevertheless
Einstein’s space and time are the same space and time with which
Newton worked. The relativist’s definition of these entities, his as-
sumption of the ‘“unidirectional, one-valued, one-dimensional char-
acter of the time continuum”# and his corresponding assumption
as to the inherent nature of space would have met with Newton’s
full approval. Similarly, the quantum theorist has managed to get
waves and particles gloriously tangled up, but “wave” and “particle”
are concepts from Newton’s universe. Heisenberg has turned the
thoughts of the atomic physicists into some wholly new channels
with his Principle of Uncertainty which asserts, among other things,
that a particle cannot have both a specific momentum and a specific
position, but here again “momentum” and “position” have the same
meaning to Heisenberg that they did to Newton.

In short, modern theories do not pretend to do anything more
than generalize the classical theories. Quantum mechanics, says Bohr,
“may be regarded as a natural generalization of the classical me-
chanics.”?2 And his comment on Relativity is that “Einstein succeeded
in remoulding and generalizing the whole edifice of classical phys-
ics.”?® The world of Newton was a world of motion in space and
modern physics still treats the universe as a world of motion in
space. As Bohr clearly admits, the originators of present-day physical
theory cannot even conceive of anything else. “It lies in the nature
of physical observations,” he says, “that all experience must ulti-
mately be expressed in terms of classical concepts.”?¢ The “extension
of our range” of which Bridgman speaks is in the experimental realm
only. The theorists are still confined within the horizons of Newton,
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and they are still trying to explain events beyond those horizons by
“generalizations” of the classical laws applying to Newton’s world.
Thoughtful observers have not failed to recognize and comment upon
this situation. Bertrand Russell, for instance, has this to say:

The findings of science had somewhat upset the rigid and closed
Newtonian view of the world. But instead of trying to enlarge
this view, scientists have on the whole been content to handle
their problems with the help of mathematical theories that pro-
duce adequate results when suitably interpreted.z

Unfortunately, these mathematical theories, or any other theories
which do not have the benefit of the “enlarged view” of the universe
to which Russell refers simply cannot make the newly discovered
physical events understandable, nor can they lead to rational laws
which these events will follow. It is inevitable that the harder the
physicists try to fit these theories to the facts, the more confused and
vague the theories have to be made, and the more convinced the
theorists become that “the world is not intrinsically reasonable or
understandable.”2¢

What the Reciprocal System does, so far as the classical laws are
concerned, is not to generalize them, but to delimit their field of
applicability. Within these limits, the new system says, the classical
laws (with slight modifications in certain cases) are not merely approx-
imations to some more comprehensive and more widely applicable
laws, as modern physics considers them, they are complete and accu-
rate representations of the physical facts. Newton’s Laws of Motion,
for instance, are fully and exactly applicable to all motion in space.
But the findings of the present investigation have disclosed that there
are changes in physical relations other than motion in space, and
where the observed phenomena are due to changes of this nature,
partially, as in motion at high velocities, or wholly, as in events at
the atomic level, an entirely new set of concepts and laws, related to
but distinct from the concepts and laws of classical physics, must be
applied. In terms of the preceding discussion, the new system has
pushed back the horizons of physical theory to include all types of
changes in physical relationships, not merely motion in space. Once
this is done law and order return to the realm of nature, and we
are back to a rational universe—not to Newton’s universe, but to
one which is equally simple and understandable, even though much
more extensive.
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In the remainder of this volume, together with the preceding
volumes in the series, the evidence confirming the statements in the
foregoing pages is presented. In most cases the presentation is con-
clusive in itself. When a positive and unequivocal statement is made,
there is no need for any argument to establish that it is positive and
unequivocal; when the last page is reached and no ad hoc assump-
tion, express or implied, has been encountered, there is no need for
any further proof that ad hoc assumptions are not utilized in the
work; when all major subdivisions of physical science have been
treated in substantial detail, there is no need for argument as to
whether the theory is complete and comprehensive; and so on. The
crucial issue that does require some consideration is whether the
new theoretical system is, as I contend, a true and accurate represen-
tation of the physical universe.

Just offhand this would seem to be a clear-cut issue which could
quite readily be put to a decisive test, and if we were operating in
an intellectual vacuum, so that a decision could be made without
reference to past history or to personal preferences and prejudices,
this would no doubt be true. But long years of dealing with theori€s
which are not true and accurate representations of the facts have
introduced some strange elements into the thought of the scientific
profession. In principle the situation is clear enough. As expressed
by Philipp Frank:

Among scientists it is taken for granted that a theory “should”
be accepted if and only if it is “true”; to be true means in this
context to be in agreement with the observable facts that can
be logically derived from the theory.??

If the scientific community actually carried out in practice what
Frank tells us in the foregoing statement that they take for granted
in principle, there would be no need for this present discussion.
After the prescribed tests have been made it would be evident that
the Reciprocal System is “true” in the scientific sense, whereas the
theories with which it disagrees range from hypotheses that are plaus-
ible but have little, if any, factual support, or hypotheses which
yield correct mathematical results but are unsupported in their con-
ceptual aspects, all the way down to theories that are openly and
seriously in conflict with firmly established facts. But application
of this criterion rarely yields unequivocal results in current practice,
because, as Frank goes on to say:
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It has never happened that all the conclusions drawn from a
theory have agreed with the observable facts. . . . We never have
one theory that is in full agreement but several theories that are
in partial agreement, and we have to determine the final theory
by a compromise.

Thus, while the test of agreement with experience is accepted in
principle as something that would apply under ideal conditions, it
has in practice fallen into disuse and scientists are at present psycho-
logically unprepared to deal with an innovation which claims full
agreement with observation. When a new theory appears, the possi-
bility of applying the standard criterion directly to determine the
validity of the theory is seldom considered, and the question “Is this
theory true?” is seldom asked. Instead, the point at issue is regarded
as a contest between the new theory and the currently accepted ideas
which that theory seeks to supplant, and the question to be answered
is considered to be “Which of these theories is the better?”

In its earlier stages this change in attitude did not involve any
significant departure from the policy of basing the evaluation of
theories and concepts on their agreement with the facts. What actu-
ally took place was that both the new and the old ideas were checked
against the facts so far as this was possible, but since each of the
rival theories failed to meet one or more of the tests, and science
provided no criterion by which to judge the relative weights to be
given to the different discrepancies, philosophical or other outside
considerations were called upon to furnish such criteria. During this
era philosophy, science and common sense were regarded as compat-
ible and harmonious, on the whole. Indeed, physics was identified
as “natural philosophy” and one of the most popular definitions of
science in general characterized it as “organized common sense.”

Recent developments in science have altered this situation very
drastically. Modern physical science has arrived at many conclusions
which, in the words of Tolman, are “in direct opposition to the
requirements of so-called common sense”?® and which are almost
equally objectionable from the viewpoint of philosophy. Since the
scientists realize that they are highly vulnerable to criticisms based
on philosophical grounds and still more vulnerable to criticism based
on common sense, they have been able to defend their positions only
by denying the applicability of philosophical and common sense prin-
ciples to scientific matters. Without any common ground on which
to meet, arguments over these debatable issues have become highly
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partisan conflicts in which scientists are arrayed against non-scientists.
In the process of closing ranks for the defense of scientific conclusions
against the attackers from the outside, there has been a tendency to
lose sight of the valid scientific objections to the currently accepted
conclusions and, in effect, to make conformity wth the orthodox views
a test of loyalty to the profession. Even the most eminent scientists
have not been exempt. It is well known that Einstein was practically
relegated to the sidelines during his later years because of his unwill-
ingness to concur in some of the generally held viewpoints, and Louis
de Broglie speaks quite frankly of abandoning his attempts to recon-
cile wave mechanics with “traditional physics and the idea of caus-
ality” because of “the hostility they elicited from other theoretical
physicists.”2?

A natural but unfortunate result of this identification of the cur-
rently accepted theories with professional solidarity has been that
the theories which are the weakest, and have therefore been subjected
to the most frequent and most violent attacks are the most jealously
guarded and most strongly defended against criticism of any nature,
scientific or otherwise. These cherished products of modern ingenuity
are in conflict with the facts of observation and experiment at many
points, and if the number and seriousness of these conflicts were to
be accepted as a criterion of the lack of validity of these theories,
in accordance with previous scientific practice, the theories would
have to be relegated to the status of unproved and improbable hypoth-
eses. “How long would the great physical theories of the past have
lasted were they riddled with formal inelegancies and inconsistencies
of the sort embodied in both renormalized and unrenormalized quan-
tum theory?”, asks Norwood R. Hanson, and he gives us his judgment:
“Not very long, I submit.”3® Hence, in order to preserve the position
of preeminence into which these theories have been elevated, present-
day physicists have repudiated the concept of scientific “truth,” de-
fined as agreement with experience, and have substituted a most
unusual concept, tailor-made to reinforce the defense of their em-
battled theories. To get a good view of this remarkable new concept,
let us consider the following statements:

Nor can a theory be true or false; it is in any case relevant to

a highly selected group of data—usually with the recalcitrant ones
ignored. (McVittie)3:

We do not speak of theories and postulates as probable or im-
probable, but as correct or incorrect relative to a given state of
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scientific knowledge, or perhaps as approximations to a more
exacting theory either known or not yet known. (Margenau)?

The relativist dissolves the concept of truth by teaching that
what is “true” depends on the point of view of the subject. (Von
Weizsdcker and Juilfs)?3

All of these authors are taking the stand that the existing situation
requires accepting theories as “correct” even though they cannot
qualify as scientifically “true.” This, of course, accomplishes the de-
sired purpose simply and neatly. No matter how many discrepancies
between theory and experience may prevent one of these ingenious
modern products from being classified as scientifically “true,” it is
accepted doctrine and hence it is “correct” by virtue of a definition
which equates correctness with general acceptance. The existing
“state of scientific knowledge” is the sum total of currently accepted
ideas, and since the theory under consideration is one of these ideas,
it is automatically “correct relative to the existing state of scientific
knowledge.”

But when this definition of “correct” is substituted for that which
is scientifically “true,” then there is no longer any criterion by which
the true theory can be recognized when and if it appears. Since this
true theory necessarily differs from existing doctrine, it is, by defini-
tion, “incorrect,” and has no different standing than a theory which
is wholly at odds with the facts. What this doctrine actually does is
to put the stamp of official approval on the widespread inclination
to accord nothing but a summary dismissal to any new idea which
offers any significant challenge to accepted habits of thought. It is
particularly disconcerting to the originator of a new theoretical struc
ture such as the Reciprocal System which is prepared to meet the
requirement of full agreement with experience—the requirement that
is, in principle, supposed to establish it as “true” in the scientific
sense—only to find that this criterion has been replaced by the re-
quirement of being “correct relative to the present state of scientific
knowledge”: a requirement that the new system cannot meet simply
because it represents an advance in the state of scientific knowledge.

“But why, after all, should scientific truth be a static concept?”,
asks Margenau.** The situation which now confronts the new system
being discussed in this volume shows why. If truth is not a static
concept then we have no adequate means by which to evaluate prog-
ress toward that truth, or toward that “more exacting theory” to
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which Margenau refers. The whole effect of the change that has
been made in the “official” criteria in recent times is to substitute
conformity to accepted doctrine for the degree of approximation to
the truth as the test to be applied to new ideas, and to make general
acceptance virtually the equivalent of proof.

Feyerabend has subjected this modern practice to a very penetrat-
ing criticism. He points out that the refusal to admit any new theories
unless they “either contain the theories already used in this domain,
or are at least consistent with them inside the domain” does not
eliminate a theory “because it is in disagreement with the facts; it
eliminates it because it is in disagreement with another theory, with
a theory, moreover, whose confirming instances it shares. It thereby
makes the as yet untested part of that theory a measure of validity.”*

This present volume is not a treatise on scientific methods and
procedures, but the particular policies of present-day science that
have been discussed in the preceding pages constitute a serious ob-
stacle to an accurate evaluation of the theoretical structure that is
being presented herein. It is therefore not only appropriate but essen-
tial to bring out the true nature of these policies, so that the reader
who finds the conclusions of this work at variance with some of the
assertions of Relativity, or the quantum theories, or some other seg-
ment of so-called “modern physics” will realize that these theories
do not even claim to be true; when we penetrate the *“fog” which,
as de Broglie says, surrounds them, we find that they are merely
“correct relative to the existing state of scientific knowledge”: a state
defined by Relativity, quantum theory, etc., and they make no pre-
tense of being in full agreement with the facts of experience. At the
very most, all that they can legitimately claim is some sort of an
interim status. As Dirac summarizes the situation:

The present stage of physical theory is merely a steppingstone
toward the better stages we shall have in the future. One can
be quite sure that there will be better stages simply because of
the difficulties that occur in the physics of today.*

There is, of course, ample justification for using incomplete and
incorrect theories for whatever purposes they may serve, pending the
development of something better, as long as scientists do not succumb
to the ever-present temptation of elevating these theories to the status
ol established facts simply because they are the best instruments of
thought currently at hand. If the real status of such theories—"step-



INTRODUCTION 17

ping-stones,” stopgaps, or whatever we may call them—is kept in
mind they will not stand in the way of new developments. Hanson
expresses the true scientific viewpoint in a comment on a statement
by another scientist in which quantum theory was characterized as
“uniformly successful.” Although himself a strong supporter of the
Copenhagen doctrine, Hanson points out that this flattering descrip-
tion is far from correct; that, in fact, “quantum theory is concep-
tually imperfect” and “very far from being uniformly successful,”
but that he and his colleagues are standing behind it because it is
“the only extant theory capable of dealing seriously with micro-
phenomena.” He then goes on to say:

One must distinguish those moments in the history of physics
when two equally well-developed theories have competed to fur-
nish the “best” explanation of a phenomenon from those quite
different periods during which scientists have available to them
but one workable theory without even an intelligible alterna-
tive anywhere mearby. Such is the present state of quantum
theory.3°

It is in order to suggest that we have now arrived at another of
those “moments in the history of physics” when there are two well-
developed theories available. As matters now stand, the Reciprocal
System cannot claim to have gone into the mathematical details of
some physical processes as extensively as quantum theory. On the
other hand, it has done much more in other mathematical areas that
quantum theory purports to cover—for instance, there is nothing
in quantum theory that is at all comparable to the inter-atomic dis-
tance expression derived from the postulates of the new system—and
it has developed the conceptual aspects of all of these processes to a
degree that is far in advance of the bare minimum that quantum
theory offers. And, of course, quantum theory cannot compete at all
from the standpoint of the extent of coverage. At best, it is a theory
applicable to a limited portion of the universe, whereas the Recip-
rocal System is a theoretical structure applicable to the entire universe.
Furthermore, the future outlook is much more favorable for the new
system. An immense amount of scientific time and effort has already
been applied to the development of the quantum ideas over many
decades, and the limitations to which quantum theory is now subject
are those of a full-grown conceptual scheme, essentially permanent,
barring some radical change in the foundations of the theory. On
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the other hand, the limits of the present development of the Recip-
rocal System simply reflect the comparatively minuscule amount of
time that has thus far been applied to this development, and there
is a wide open field for future extension of the application of the

new system.



CHAPTER 1I

Where We Stand: Conceptually

A major factor in the advance of physical science from its primi-
tive beginnings to its present position has been the availability of
mathematical techniques to aid in the acquisition of knowledge and
to facilitate the systematization and utilization of that knowledge
after it has once been acquired. The practical advantages of having
a substantial portion of the accumulated knowledge in any physical
field available in a form suitable for mathematical manipulation and
easy adaptation to the specific problems at hand are familiar to all
concerned and need no particular comment. Equally important to the
investigator is the conceptual freedom which is attained by the use
of mathematical rather than verbal reasoning. The answer to a prob-
lem of long standing in the physical field usually involves some
significant change in the basic concepts entering into the phenomena
with which the problem is concerned, but the ability of the human
mind to break loose from the shackles of traditional thought and
formulate totally new concepts is severely limited, and finding the
solution to a problem of this kind by direct means is extremely
difficult.

If the problem is attacked mathematically, however, the investi-
gator has much more freedom. He is still circumscribed by the limits
of current thinking with respect to the definitions of his terms and
other general concepts entering into his mathematical expressions,
but from there on he is essentially free of restraint. If a direct func-
tion fails to serve his purpose, he is entirely at liberty to try an
inverse function; if a trigonometric relationship proves to be inap-
plicable, he is free to try a logarithmic relation, and so on, even
though the conceptual changes involved in these modifications of
the mathematical relationships are so drastic that they would be
essentially inconceivable from the standpoint of a direct conceptual
approach. Because of this freedom of maneuver, it is often possible
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to obtain a mathematical solution for the problem under investiga-
tion and to embody this solution in an equation or some other mathe-
matical expression. With this mathematical knowledge at hand, the
investigator may then be able to go back to the physical meaning
of the mathematical terms and make the conceptual jump that was
not possible without the guideposts established by the mathematical
study.

Max Planck’s discovery of the quantum of radiant energy is a
classic example of an investigation that followed such a pattern. The
reason for the observed distribution of spectral frequencies in black-
body radiation had long been an unsolved problem. Mathematical
expressions formulated by Wien and Rayleigh on the basis of dif-
ferent ideas as to the mechanism of the radiation were each successful
in certain spectral regions but failed in others. Planck addressed
himself to this problem, and after a long search succeeded in con-
structing a new expression which correctly represented the distribu-
tion of frequencies through the entire range. As soon as he obtained
this expression—"on the very day when I formulated this Law,” he
tells us—he undertook the “task of investing it with a true physical
meaning,”3¢ and in this way he ultimately conceived the idea of the
quantum. Theoretically, of course, someone could have hit upon
this idea directly, without the benefit of the prior knowledge of the
mathematical relationship, but the concept of discrete units of energy
was so foreign to current scientific thought that scientists were simply
unable to visualize this possibility until Planck was pushed into mak-
ing the conceptual adjustment as a matter of sheer mathematical
necessity.

Much the same thing took place in this present investigation.
The concept of a reciprocal relation between space and time, the
central idea of the new theoretical system, could have been formu-
lated directly—indeed, it will be shown in a subsequent chapter that
if the question of the basic structure of the physical universe is exam-
ined in a cold-blooded, logical and systematic manner, without making
any unsupported assumptions in advance, the formulation of such
a concept is inevitable—but, like the quantum, it represents such
a radical alteration of existing thought that the human mind was
simply unable to make the direct jump. Here again, what could not
be done directly was done indirectly by way of the mathematical
approach. An intensive study of a number of physical phenomena
in the first phase of the project produced some new and more accu-
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rate mathematical expressions for the variability of these phenomena
under different conditions. Attention was then turned to finding a
physical explanation for each of these expressions, and after a long
search, the reciprocal postulate finally emerged.

There is no guarantee, however, that the search for a physical
explanation of a mathematical relation will always be as successful
as it was in the two instances that have been discussed. Even though
mathematical information is very helpful, it is still only a clue,
not a map or a blueprint, and the conceptual innovation that is
necessary for a complete and correct explanation may still elude the
investigator. In many important studies, some of which have a bear-
ing on the subject matter of this volume and will therefore be dis-
cussed in the next chapter, the investigations have produced concep-
tual answers that are unable to meet the requirements for proof of
their validity, and hence are wrong or, at least, only partially correct.
In many other cases, the problem has been still more recalcitrant,
and the most strenuous efforts have failed to produce any plausible
explanation of the mathematical results.

From a strictly logical point of view it seems rather obvious that
the existence of these correct but unexplained mathematical expres-
sions of physical phenomena is an indication that the work of the
scientist is still incomplete, and that more time, effort, and ingenuity
will have to be applied to these problems. But this appraisal of the
situation is very distasteful to a profession that, at the moment, is
basking in the sunlight of an impressive record of successes, and in
order to avoid the necessity of admitting failure in these instances,
the physicists are now denying that these problems exist, and are¢
advancing the curious contention that the mathematical expressions
are complete in themselves and that further explanation is not only
unnecessary, but actually non-existent. As expressed by Northrop,
they are “trying valiantly to convince themselves that their present
collection of mathematical formulae, which possess no physical mean-
ing, constitute an ideal state of affairs.”s?

Even though this doctrine is devoid of any logical foundation and
is obviously a rationalization of failure that belongs in the ‘“sour
grapes” category, it is tremendously popular because it emancipates
the theorist from the harsh necessity of conforming to physical reality.
The typical present-day contribution to physical theory consists of
a rigorous mathematical “calculus” which is, in the words of Rudolf
Carnap, ‘“constructed floating in the air, so to speak,” and which
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deals with terms whose meaning, if any, is vague and indefinite. ““The
words may have independent meaning,” says Braithwaite, “but this
is not how the words are used in a treatise on physics. There they
are used as symbols in a calculus which is to be interpreted as an
applied deductive system; they are not understood as having any
meaning apart from their place in such a calculus.”ss

The popularity of this method of procedure is easy to understand.
If the theorists were required to make all of their terms meaningful
and to expose their work to comparison with the observed facts at
every step of the way, the pages of the Physical Review and similar
journals would shrink drastically. Genuine additions to theoretical
knowledge are not nearly so easy to produce as the present volume of
published material would seem to indicate.

It is not the prerogative of the author of this work to say how
anyone else should conduct his investigations, nor what kind of ma-
terial should be published in the scientific journals, but the preva-
lence of this abstract mathematical approach to physical theory has
created a rather general impression that this is the only proper way
to carry out such activities and that any work which does not follow
the present-day ‘“standard procedure” of mathematical formulation
in terms of tensors, or spinors, or matrix algebra, or some other com-
plex mathematical device, is automatically devoid of merit. This
attitude very definitely is an appropriate subject for comment, as
one of the most important conclusions reached in the initial phase
of this present investigation was that while mathematical techniques
are valuable tools for certain purposes, as mentioned earlier, the
present-day “standard procedure” utilizing mathematical processes
with little or no actual physical meaning is inherently incapable of
remedying the existing deficiencies in physical theory, and a proce-
dure more definitely tied down to physical reality and emphasizing
the conceptual rather than the mathematical aspects of the theoretical
situation is essential to the attainment of the objectives of a work of
this kind. Development of the Reciprocal System has therefore fol-
lowed a pattern altogether different from that of the typical present-
day approach.

In this development all terms and concepts are sharply and explic-
itly defined, and all of the conclusions that are reached—the inter-
mediate as well as the final results—are capable of being verified by
comparison with the findings of observation and measurement, to
the extent that observational knowledge is available. There has been
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no deliberate attempt to minimize the use of mathematics, but the
findings of this work show that the complex entities and phenomena
of the universe are built up from simple foundations, and these simple
basic phenomena and relations do not require complex mathematics
for their representation. The correct mathematical representation of
a simple physical relation must itself be simple. There are many
complex phenomena in the universe, to be sure, but the initial pres-
entation of the Reciprocal System, in this and the books previously
published, does not reach the point in the theoretical development
where any substantial degree of complexity has emerged, and as a
consequence, the mathematical treatment, while entirely adequate
for its purpose, is very simple—so simple, in fact, that to the modern
physicist, accustomed to page after page of mathematical symbolism
with only the bare essentials of a verbal commentary, the work seems
to be wholly non-mathematical.

It is rather ironic that such a judgment should be passed on the
first general physical theory which carries out a complete quantita-
tive development coincidentally with the qualitative development and
which, for the first time, permits physical magnitudes to be calculated
directly from purely theoretical foundations without the aid of “con-
stants” obtained by measurement. Nevertheless, this tendency to
classify the work as non-mathematical would be of no particular con-
sequence and would not call for any special comment, were it not
for the further tendency on the part of the physicists to regard the
adjective ‘“non-mathematical” as synonymous with “defective” or
“unacceptable,” and to adhere to what Northrop calls “the scientific
dogma that nothing is truly scientific which is not mathematical.”3?

The general attitude is clearly expressed by a European reviewer
who repeats the major conclusions of Beyond Newton and then com-
ments in a caustic manner that the author “arrives at these revolu-
tionary conclusions without recourse to mathematics, and by the
sole magic of words.” This attitude has been encountered so fre-
quently that an effort has been made to deal with it in each of the
preceding books in this series, but apparently something more de-
tailed and more emphatic is needed, and before proceeding with the
principal business of this chapter—a review of our conceptual knowl-
edge of space and time—it seems advisable to discuss the distinction
between conceptual and mathematical knowledge, and to bring out
the point that it is truly the “magic of words” that invests the results
of any work, mathematical or otherwise, with a meaning.
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The findings of this investigation are that the difficulties which
are being experienced by present-day physical science are not due
to any lack of full mathematical treatment—we now have mathe-
matics running out of our ears—nor to inadequacy of the mathemat-
ical tools available—mathematical methods have reached a peak of
sophistication and complexity far beyond the needs of basic science
—nor to the employment of faulty logic in the development of theory
—many of the conclusions of modern physics are illogical, to be sure,
but it is quite obvious that these are errors of desperation born of
long years of frustration; they are not the cause of the existing diffi-
culties but the result of them. The root of the present trouble is
conceptual. The elaborate and versatile machinery of modern science
has been unable to solve the more difficult problems of the universe
of space, time, matter, electricity, and so on, simply because all of
its efforts have been based on erroneous assumptions as to the nature
of these entities—space, time, matter, electricity, etc.—with which it
is dealing.

In large measure, this is a result of a misconception on the part
of the physicists as to the degree of latitude that they are privileged
to exercise in the construction of theory. Present-day theorists are
under the impression that they are at liberty to define the concepts
which they use in any way that they see fit. Herbert Dingle, for
instance, tells us that atoms, as the physicist conceives them, are
“creatures of the imagination, to be formed into the image of our
fancies and restricted by whatever laws we cared to prescribe, pro-
vided only that when they behaved in accordance with those laws
they should produce phenomena.”+ Einstein’s attitude toward basic
concepts was similar. “The axiomatic basis of theoretical physics . . .
must be free invention,”4! he insists.

The weakness of this policy is that when conclusions are reached
on the basis of such concepts, they too belong to the world of fancy,
not to the world of reality. If the theoretical physicist entered into
his activities merely as a mental exercise, in the manner of some of
the more abstruse mathematical developments, no exception could
be taken to his procedure, but as matters now stand, the theorist
who is working with “creatures of the imagination” sooner or later
shifts his ground and starts claiming that his conclusions are appli-
cable to the real world. Thus we find the Copenhagen school of
physicists, principal architects of the present-day ‘“official” atomic
theory, asserting that the particles of which their “atom” is con-
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structed are not ‘“‘material particles in space and time” and do not
“exist objectively.”4? As a statement about the dream world of the
physicists’ imagination, this may well be correct. But the Copenhagen
theorists are not content to look at it in this light; they want to
apply it to the real physical world and to real physical atoms, and
here it has no relevance at all, because the entire theoretical devel-
opment which leads to these strange conclusions has been based on
a concept of atomic structure “formed in the image of their fancies”
and not on a concept of the atom as it actually exists physically.

The Copenhagen model of the atom is essentially the same kind
of a thing as the “billiard ball” model postulated by a earlier gen-
eration of scientists. Both models were devised to represent certain
aspects of the behavior of atoms, ignoring all other aspects, and both
have had a considerable degree of success in these particular areas.
But neither is in any way a picture of the real physical atom, and
whatever conclusions are drawn from either model are conclusions
about the model, not about the physical atom. If we want to arrive
at conclusions applicable to the real physical atom, then we must
start with concepts which accurately represent the physical atom and
its properties; we have no latitude for error.

It is true that the formulation of such concepts is a formidable
undertaking. The theorists work under a severe handicap because
of the lack of any direct method of ascertaining the true nature and
properties of the physical atom, and they have turned to speculation
and assumption as a matter of necessity, or presumed necessity. But
even if speculation is unavoidable, this does not make the results
thereof any less speculative. If these results can be tested against
the facts of observation and pass this test successfully, then the specu-
lation has paid dividends, but if they fail in the test or if they are
untestable conclusions of such an absurd character as the Copenhagen
contention that physical aggregates which do exist objectively are
composed of parts that do not exist objectively, it is evident that the
speculation has missed its mark and that the conclusions apply only
to the speculative world of fancy, not to the real world.

In cases such as this the lack of logic in the theorists’ position
is obvious, and it is surprising that so few critics have protested (pub-
licly, at least) the way they are ‘“getting away with murder.” But
there are many other instances in which no one seems to have real-
ized that the concepts upon which a particular physical theory is
based may not coincide with the actual physical realities which these
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concepts are intended to represent. The concept of time, for example,
is rather vaguely defined in present-day theory, but all definitions are
specific and in agreement in one respect; that is, the magnitude of
a time interval can be measured by means of a suitable clock. We
actually have no assurance, however, that the quantity thus defined
and measured always coincides with the physical time that enters
into such relations as velocity. Modern theory assumes such a coin-
cidence, but it will be shown in the subsequent pages that this assump-
tion is frequently incorrect and the time measured by means of a
clock often is not the true physical time applicable to the phenomenon
under consideration.

The consequences of an inadvertent error of this kind in the
definition of a concept are just as serious as those resulting from a
wild speculation that misses its mark, and one of the most essential
tasks of the present investigation has therefore been to examine the
basic concepts of space, time and motion carefully and critically to
make certain, as far as it is possible to do so, that the way in which
these concepts are defined for purposes of the development of theory
conforms to the nature and properties of the physical entities which
these concepts are intended to represent. Our first concern will be
to ascertain just how much actual knowledge about these entities is
available. In this chapter we will examine the available conceptual
knowledge.

The term “conceptual knowledge” as used in this work, refers
to any information that has a specific meaning and that applies spe-
cifically to definable physical concepts. These concepts may be “real”
physical objects, in the sense in which this term is commonly used,
or they may be abstractions such as “force,” the real existence of
which is debatable. The essential requirement is that they be capable
of explicit definition, so that we know what we are talking about.
Some items of conceptual knowledge can be expressed in mathematical
terms, and here we have both conceptual and mathematical knowl-
edge, but it does not necessarily follow that all mathematical expres-
sions represent conceptual knowledge.

To illustrate this point, let us consider the structure of some
chemical element, sodium, for example. Modern theory tells us that
the sodium atom contains 11 extra-nuclear electrons. If this statement
could be substantiated, it would constitute conceptual knowledge,
as herein defined: authentic information about a specific physical
concept, the sodium atom. But when we examine this alleged infor-
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mation carefully, we find that what is actually known is that there
are certain mathematical expressions of physical relationships—Mose-
ley’s Law, for instance—in which each kind of atom has its own
characteristic numerical value, and the value applicable to sodium
is 11. The conclusion that this indicates the existence of 11 units of
some kind in the sodium atom is reasonable, but it is no more than
an assumption, and the further conclusion that these units are elec-
trons has no factual foundation at all. It is purely an interpretation
of the mathematical relations in the light of current ideas as to the
nature of the atomic structure. This closer scrutiny thus discloses
that all we have here is mathematical knowledge; the currently fa-
vored interpretation of the mathematical relation could very well
be wrong (and this present investigation indicates that it is, indeed,
wrong) .

This example illustrates the fact that mathematical knowledge is,
in general, incomplete and non-specific knowledge. In this particular
case, all that the mathematics are able to tell us is that there are 11
units of some kind that are in some way connected with sodium. The
mathematical equations give us no indication as to the nature of
the units nor as to the nature of their connection with the sodium
atom. The number 11 is dimensionless in the equations and it can
refer to any kind of a unit, without restriction. In order to carry
knowledge of the mathematical type to completion we must resort
to words; we must find names for the mathematical terms which will
give these terms their correct physical meanings.

The need for verbal additions to transform mathematical knowl-
edge into complete knowledge is not applicable in reverse; that is,
conceptual knowledge expressed verbally can be complete in itself
without any necessity for mathematical addition or elaboration.
Qualitative information, which is by definition outside the scope of
mathematical treatment, constitutes a very important part of the
accumulated store of scientific knowledge. Furthermore, whatever can
be expressed in mathematical symbols can also be expressed in words.
The verbal expression may be complicated and awkward, but if a
mathematical expression has a physical meaning, then it must be
possible to state the same thing in words, because it is only through
the medium of words that we give meaning to symbols. For instance,
we can write PV = k. In itself, this means nothing. But if we define
these four symbols in an appropriate manner and add some necessary
qualifications as to the circumstances under which the equation is
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valid, a “text,” as Bridgman calls such an explanation, this expres-
sion becomes Boyle’s Law, one of the important relations of physics.
When we have thus given the mathematical symbols definite mean-
ings, it then becomes possible to reproduce the meaning of the equa-
tion in words alone, and the elementary physics textbooks customarily
state Boyle’s Law and similar physical principles both ways.

The current tendency to magnify the importance of complex
mathematical treatment and to deride and ridicule any development
utilizing purely verbal logic or simple mathematics, “the false wor-
shipful attitude toward mathematics,”#* as Northrop calls it, is a
completely upside down attitude. Mathematics is not essential to
thought, nor is it a substitute for thought. As Freeman ]. Dyson
warns, “Mathematical intuition is dangerous, because many situations
in science demand for their understanding not the evasion of thought,
but thought.”#¢ The policy that has been followed throughout this
work is to utilize mathematics where and to the extent that a useful
purpose is served, and not otherwise. Where no mathematical treat-
ment has been required, none has been used. Where arithmetic or
simple algebra are adequate for the tasks at hand, these are the tools
that have been utilized. Where it has been necessary or convenient
to call upon the calculus or other advanced mathematical devices,
this has been done. The mathematical simplicity of the work does
not indicate any lack of mathematical accuracy, nor is it the result
of any non-mathematical attitude on the part of the author. It merely
reflects the simplicity of the basic physical concepts and relations as
they emerge from the development of the consequences of the postu-
lates of the new system.

An additional factor tending to minimize the mathematical con-
tent of this particular volume is that in the normal processes of
human thought the answer to the question “What?” precedes the
answers to the questions “How many?” and “How much?” If we
are asked to explain the operation of an automobile, for example,
we first describe the functions of the various parts in purely quali-
tative terms, and if we find it necessary later on to introduce mathe-
matical relationships such as compression ratio, torque, efficiency, etc.,
we do so only after a full qualitative explanation has been given.
Even though this present work is addressed primarily to individuals
who are well versed in the general subject matter of physical science,
it is an elementary presentation of the new theoretical system, com-
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parable to the first explanation of the principles of automobile
operation, and like the latter it is mainly a qualitative explanation.

The primary advantage of utilizing mathematical methods where
they are applicable is the convenience of employing a few symbols
to represent concepts and operations that would require a great
many words for verbal definition. In the process of theory construc-
tion there is a further gain in that once the symbols have been
properly defined to begin with, these definitions can be laid aside
and the analysis can proceed in the symbolic and abstract language
of mathematics until the final conclusions are reached, when the
definitions are again called upon as a means of ascertaining the mean-
ing of the symbols that represent these conclusions. This procedure
not only expedites the intermediate operations very materially, but
also enables these operations to be carried out with the freedom from
the conceptual limitations of human thinking that has already been
mentioned as one of the most important characteristics of the mathe-
matical approach to physical problems.

Unfortunately freedom, once attained, is often abused, and so
it has been in present-day physics. The justification for ignoring the
meaning of the symbols in all of the intermediate mathematical steps
between the initial premise and the final conclusion is that whatever
meaning is assigned initially remains unchanged throughout the sub-
sequent manipulation and hence does not require any further con-
sideration until the final conclusions are ready for interpretation. On
this basis every intermediate step has just as definite and specific a
meaning as the initial and final statements, and the customary prac-
tice of handling these intermediate steps in terms of symbols only
is merely a matter of convenience, not a matter of necessity. However,
as pointed out by Braithwaite in the statement previously quoted,
modern physical science is following an altogether different proce-
dure, utilizing terms which are never specifically defined and which
have no “independent meaning”; that is, no meaning aside from the
way in which they enter into the mathematical development. “The
possibility of explicit definitions,” says Hesse, “is not generally one
of the considerations which weigh with scientists in judging a good
theory.”#+> One of the major virtues of mathematical treatment in
general is the precision with which mathematical statements can be
made, but in present-day physics mathematical methods are delib-
erately employed for the opposite purpose: to make theories more
“abstract”; that is, more vague. As Whittaker comments, “the mathe-
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matical physicist . . . is interested in non-commutative symbolism for
a wholly different reason. He may be said to be, in a certain sense,
moving away from precision.”46

Scientific history shows that physical problems of long standing
are usually the result of errors in the prevailing basic concepts, and
that significant conceptual modifications are a prerequisite for their
solution. But the effect of the new mathematical practices of the
theoretical physicist is to freeze the existing basic concepts and to
secure some sort of agreement with observation by making the mathe-
matical treatment more complex and its conceptual meaning more
vague, rather than locating and correcting the error in the conceptual
foundations upon which the mathematical treatment is based. In-
stead of definite answers to our problems, what we get is a profusion
of “mathematical theories which are being continually formulated at
an ever-accelerating tempo and in a complexity and abstractness in-
creasingly formidable. . . . These have come crowding on each other’s
heels with ever-increasing unmannerliness, until the average physicist,
for whom I venture to speak, flounders in bewilderment.” (P. W.
Bridgman) ¢

In effect, the modern scientist is taking the stand that his mathe-
matical techniques are so powerful that they can overcome whatever
handicaps may be imposed by errors in the basic physical concepts.
The present work challenges this assumption, and contends that
valid, meaningful, and physically correct basic concepts are primary
requisites for sound theory, and that a logical development of these
concepts is the essential element in constructing the framework of
such a theory. On this basis, conceptual knowledge is of paramount
importance, and it will therefore be our first concern as we now
begin a survey of our present knowledge of space and time.

It has become increasingly clear in recent years that the area in
which we make direct contact with space and time is only a very
small sector of the universe as a whole. It does not necessarily follow,
therefore, that the properties which these basic entities possess, or
seem to possess, in the limited area subject to our direct observation
are properties of space and time in general. Nevertheless, the infor-
mation which we obtain by direct observation is the cornerstone of
any scientific consideration of the space-time situation, and it is there-
fore extremely important to be certain just what our observations
do tell us about the properties of space and time.

In view of the meticulous—even hair-splitting—attention that
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science pays to details in the subsequent stages of development of
theory, the casual way in which the basic fundamentals are treated
in present-day physical science is a curious phenomenon. Certainly
the items that lie at the very base of the structure of physical theory
and therefore have a material bearing on the validity of every part
of the whole should have no less careful and critical scrutiny than
the various elements of the superstructure, but the prevailing opinion
appears to be that it is sufficient to accept, “without examination,”
as Tolman?! puts it, the superficial impressions of the lay public as
adequate definitions of space and time for scientific purposes.

There even seems to be an impression that the validity of the
basic concepts is immaterial, and that accuracy can be introduced
later in the development. For instance, R. B. Lindsay tells us that
“a physical theory starts with primitive, undefined concepts, such as
the notions of space and time. It proceeds to the construction of more
precisely defined constructs, for instance, mass and force in me-
chanics.”#® This casual attitude toward conceptual foundations is not
only highly incongruous in a profession that prides itself on the
“rigor” of its treatment of the subject matter within its field, but it
is also entirely unrealistic. Derived concepts cannot be more precisely
defined than their antecedents. Whatever uncertainties may exist in
the definition of space are carried along undiminished to the concept
of force, since force is defined in terms of mass and space.

Furthermore, there is no such thing as building theories on
“undefined concepts.” If a concept is not explicitly defined, it is im-
plicitly defined by the way in which it is used. Concepts may be
vaguely defined, as in much of present-day theory, poorly defined,
or erroneously defined, but they cannot be undefined. In the case
of space and time it is merely assumed that the definitions are so
well known and so universally accepted that no further discussion is
required. One current physics textbook, for instance, simply says,
“Time intervals are measured by clocks, with which everyone is
familiar,” and it then proceeds to insert the time terms into all
manner of physical relations without further ado. Newton did essen-
tially the same thing, explaining, “I do not define time, space, place,
and motion, as being well known to all.”

But no structure is any stronger than its foundations, and one of
the most essential tasks of the present investigation has been to
make a detailed study of space and time as they appear under direct
observation, with the objectives of determining first, whether the con-
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clusions as to their properties that are commonly drawn from these
observations are justified, and second, whether any information that
can legitimately be derived from observation has been overlooked.
The remainder of this chapter will be concerned with the results of
that study.

The most conspicuous property of space as we know it first hand
is that it is three-dimensional. Of course, there is much imaginative
speculation about a fourth dimension, and mathematicians are fond
of constructing hypothetical spaces of n dimensions, but the sector
of the universe which we inhabit very definitely presents a three-
dimensional aspect to our observation—no more, no less.

Additionally, space, as we find it, is homogeneous; that is, so far
as we can tell, each unit is exactly like every other unit, and it is
isotropic; that is, its behavior is the same in all directions. Here again
there are many speculations and hypotheses which involve directional
characteristics or departures from homogeneity, but there is no direct
evidence of anything of this kind, and we are now considering only
the properties of space as they appear under direct observation.

When we have come this far we have exhausted the information
that we can obtain directly. Space is three-dimensional, homogeneous
and isotropic in our local environment, and that is all that we can
tell from direct observation. It is frequently claimed that these prop-
erties necessarily call for the existence of certain other properties;
for instance, that “infinity and mathematical continuity (infinite
divisibility) follow directly from its homogeneity.”#® But even if
there were general agreement on these points—which there is not
—such properties are not directly observable. If there is a limit to
the divisibility of space, it is below the present observational range,
and certainly we cannot verify the existence of infinite space.

Little as we know about space, our direct knowledge of time is
still more limited. Even those few items that are accepted as factual
are largely assumptions. As Eddington states the case:

We have jumped to certain conclusions about time and have
come to regard them almost as axiomatic, although they are not
really justified by anything in our immediate perception of
time.®°

The most conspicuous feature of time as we observe it is that, in
some way, it progresses. In fact, it is only as a progression that we
know it at all; whatever properties we can recognize in time are
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simply the characteristics of the progression. We note, for one thing,
that the progression is uniform, so far as we can determine. Another
fact that we observe is that in the context of the familiar phenomena
of our everyday life, time is scalar. In the velocity equation v =s/t,
for example, the term t is a scalar quantity. We also observe that
time appears to move steadily onward in the same scalar direction,
and we have formulated the Second Law of Thermodynamics to give
expression to this empirical observation. Many physicists are therefore
inclined to believe that we know time to be unidireciional, and in
the statement previously mentioned, Tolman lists this as one of the
properties of time which he “assumes without examination.” Other
observers, notably Eddington, have pointed out that there is a serious
question as to the validity of this conclusion because, notwithstand-
ing the assertion contained in the Second Law, the term t is mathe-
matically reversible in the equations representing the various physical
phenomena. In spite of the constant direction of “Time’s arrow” in
our local region, it is thus clear that we will have to be cautious
about extrapolating the constancy of direction to the universe as a
whole.

So far our reexamination of the observed properties of space and
time has produced no surprises, but we have now arrived at a place
where the lack of a careful and critical study of this kind has caused
physical science to fall into a serious error that has had unfortunate
consequences in many areas of physical theory. As has been men-
tioned, time enters into the mathematics of the physical processes
with which we are most intimately concerned as a scalar quantity.
From this the physicists have jumped to the conclusion that time is
one-dimensional, and this conclusion, another of those accepted “with-
out examination” by Tolman, is now, as Eddington put it, regarded
“almost as axiomatic.” Capek explains:

The basic relation in space is juxtaposition; the basic relation
in time is succession. The points of space are beside one another;
the instants of time follow one another.5!

Notwithstanding its general and unquestioning acceptance, this
conclusion is entirely unjustified. The point that the physicists have
overlooked is that “direction” in the context of the physical processes
which are represented by vectorial equations in present-day physics,
always means “direction in space.” In the equation v =s/t, for ex-
ample, the displacement s is a vector quantity because it has a direc-
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tion in space. It follows that the velocity v also has a direction in
space, and thus what we have here is a space velocity equation. In
this equation the term t is necessarily scalar because it has no. direction
in space.

It is quite true that this result would automatically follow if
time were one-dimensional, but the one-dimensionality is by no means
a necessary condition. Quite the contrary, time is scalar in this space
velocity equation (and in all of the other familiar vectorial equations
of modern physics: equations that are vectorial because they involve
direction in space) irrespective of its dimensions, because no matter
how many dimensions it may have, time has no direction in space.
If time is multi-dimensional, then it has a property that corresponds
to the spatial property that we call “direction.” But whatever we
may call this temporal property, whether we call it “direction in
time” or give it some altogether different name, it is a temporal prop-
erty, not a spatial property, and it does not give time magnitudes any
direction in space. Regardless of its dimensions, time cannot be a
vector quantity in any equation such as those of present-day physics
in which the property which qualifies a quantity as vectorial is that
of having a direction in space.

The existing confusion in this area is no doubt due, at least in
part, to the fact that the terms “dimension” and ‘‘dimensional” are
currently used with two different meanings. We speak of space as
three-dimensional and we also speak of a cube as three-dimensional.
In the first expression we mean that space has a certain property that
we designate as dimensionality, and that the magnitude applying to
this property is three. In other words, our statement means that there
are three dimensions of space. But when we say that a cube is three-
dimensional, the significance of the statement is quite different. Here
we do not mean that there are three dimensions of “cubism,” or
whatever we may call it; we mean that the cube exists in space and
extends into three dimensions of that space.

There is a rather general tendency to interpret any postulate of
multi-dimensional time in this latter significance; that is, to take it
as meaning that time extends into n dimensions of space, or some
kind of a quasi-space. But this is a concept which makes little sense
under any conditions, and it certainly is not the meaning of the term
“multi-dimensional time” as used in this work. When we here speak
of time as three-dimensional, as we will later in the discussion, we
will be employing the term in the same significance as when we
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speak of space as three-dimensional; that is, we mean that time has
a property which we call dimensionality, and the magnitude of this
property is three. Here again we mean that there are three dimensions
of the property in question: three dimensions of time.

There is nothing in the role which time plays in the equations
of motion to indicate specifically that time has more than one dimen-
sion. But a careful consideration along the lines indicated in the
foregoing paragraphs does show that the present-day assumption that
we know time to be one-dimensional is completely unfounded, and
it leaves the door wide open to establishing the true dimensions of
time by other means. Errors such as this masquerading as established
facts are among the most serious obstacles to the advance of knowl-
edge, and unmasking an error of this kind is often the key to solution
of a problem of long standing.

Although the items that have been discussed in the preceding
paragraphs constitute all that we actually know about space and time
individually from direct observation, there is one more source of
direct information, as we have some observational knowledge of the
relation between space and time. What we know is (1) that the
relation between space and time in the sector of the universe acces-
sible to direct observation is motion, and (2) that in motion space
and time are reciprocally related from a scalar standpoint; that is,
moving a greater distance in the same time has exactly the same
effect on the speed, the scalar measure of the motion, as moving the
same distance in less time.

We may now summarize the primary subject matter of this
chapter, the conceptual knowledge of space and time that we have
been able to obtain from direct observation of these entities as they
exist in our local environment:

Space is three-dimensional, homogeneous, and isotropic.

Time progresses uniformly and (perhaps only locally) unidirec-
tionally.

The scalar relation between space and time is reciprocal, and
this relation constitutes motion.



CHAPTER III

Where We Stand: Mathematically

The history of theoretical physics is a record of the clothing of mathe-
matical formulae which were right, or very nearly right, with physical
interpretations which were often very badly wrong.—SIR JAMEs JEANs®

One of the important functions of history is to enable us to learn
from the experiences of the past, so that we do not have to repeat
all of the mistakes of our ancestors. The bit of history cited by
Jeans in the foregoing quotation is fully capable of performing this
historical function, if we heed its message, as it points very clearly
and distinctly to an important limitation on the power of mathe-
matics in the realm of physical science; viz., mathematical agreement
is no guarantee of conceptual validity.

What this means is that if we devise a theoretical explanation for
a certain physical phenomenon, and then formulate a mathematical
expression to represent the relations pictured by the theory, or do
the same thing in reverse manner, first formulating the mathematical
expression empirically and then finding an explanation that fits it,
the mere fact that this mathematical expression yields results that
agree with the corresponding experimental values does not assure us
that the theoretical explanation is correct, even if the agreement is
complete and exact. This may seem to be harsh doctrine. Perhaps
it is. Certainly it makes the construction of a valid theory a much
more difficult task than it would be if mathematical accuracy were
sufficient, But nature does not go out of her way to make things easy
for the theorist.

Actually, we do not even need the historical record to point the
way to this conclusion. Elementary mathematical considerations
would tell us the same thing. It is obvious that most mathematical
expressions can be subjected to different operations that accomplish
results which are mathematically equivalent. For example, if we start
with the equation x=y/z, we may (1) multiply z by a, (2) divide

36
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y by a, or (3) multiply y by n and z by m, maintaining the relation-
ship m/n =a, and in all three cases the effect on the quantity x is
exactly the same. The term x becomes x/a. In this example it is
obvious that if we merely know that some kind of a change has
occurred in the right hand side of the equation, and that this has
caused x to become x/a, we cannot say which of the three possibil-
ities that have been enumerated was the one that actually occurred.
In fact, the range of possibilities is infinite, since there are an infinite
number of combinations of m and n which have the quotient a. If
anyone had the hardihood to contend that a decrease from x to
x/a is positive proof that z has increased to az, we would simply
laugh at him. Such a thing could be true, of course, but it is only
one possibility out of many, and claiming that the observed decrease
in x is proof of a corresponding increase in z is simply ridiculous.

Yet this is just exactly what the scientific community has per-
mitted Einstein to get away with. If, instead of x =y/z, we write
a = F/m, we have one of the alternate expressions of Newton’s Second
Law of Motion. Experiments on high speed electrons by Kaufmann,
Biicherer, and others showed that at these high speeds the observed
values of the acceleration a fell below the level computed from the
measured values of F and m, following a pattern which indicated
that it would reach zero at the velocity of light. Einstein then de-
cided that this was due to an increase in the mass at these high veloc-
ities. At this point he should have been told by his scientific colleagues
that this variable mass hypothesis was only one of a number of
mathematically equivalent possible explanations of the observed phe-
nomenon, and that neither the hypothesis of mass increase nor any
of the others could be accepted on more than a very tentative basis
pending the accumulation of further evidence. But this is not the
way that modern science operates. Einstein’s assumption was enthu-
siastically accepted without further ado, and since that time the
original experiments that his explanation was designed to fit, together
with subsequent results of the same nature in the particle accelerators,
have been regarded as proof of the validity of the hypothesis: a
flagrant example of circular reasoning.

The fact is that both Einstein’s choice of one particular explana-
tion from among the several available, and the acquiescence of the
scientific community in his choice, were based on preferences of a
wholly unscientific nature. Since the particles whose acceleration was
being measured in the experiments were given their velocity by elec-
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trical means, it was assumed that either mass or electric charge must
vary, and variability of mass seemed intuitively more likely than vari-
ability of charge. This is, of course, sufficient justification for a tenta-
tive hypothesis of mass variation, but it provides no semblance of
justification for talk of “proof.” Furthermore, in their haste to line
up behind Einstein, the physicists have overlooked the fact that the
electric charge does not enter the equation of motion directly, and
hence even if mass is constant, this does not necessarily mean that
charge must be variable; all that is required is that the force exerted
by that charge varies with the velocity. The findings of the present
investigation are that the charge does remain constant, but that there
is no such thing as a constant force. What is now presumed to be a
constant force is, in reality, a phenomenon whose magnitude decreases
with the velocity of the object to which it is applied, following the
inverse of the mathematical relation which is now customarily
applied to the mass.

This explanation advanced by the Reciprocal System produces
exactly the same mathematical results in application to the behavior
of high speed particles as Einstein’s theory of an increase in mass.
It would therefore be equally entitled to claim that the results of
experience “prove” its validity. But, of course, they do no such thing,
either for the Reciprocal System or for Einstein. Mathematical agree-
ment proves nothing but mathematical validity. It does not prove
conceptual validity; it merely establishes the fact that this particular
conceptual explanation could be correct, and it leaves open the possi-
bility that the correct explanation is contained in some other hypoth-
esis that is mathematically equivalent to the one in question. There
may well be many such.

Sherwin, for instance, tells us that while there are practical advan-
tages in treating this phenomenon as an increase in mass,

there is an alternative and more exact way of thinking about the
inertial properties of a moving particle. . . . The increased mass
is a sort of artifact which results from the “distorted” measure-
ments of space and time that are the heart of the theory of rela-
tivity. . . . Rather than think of the inertial mass as increasing
because of its velocity, we could instead think of the particle as
possessing a constant rest mass but note that, because of unavoid-
able effects on the measurement of space and time, the observed
deflection of the particle produced by a given impact decreases
as its velocity increases.®
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As Sherwin says, there is no doubt about the experimental fact:
“Moving particles are harder to accelerate than the same particles
when nearly at rest.” But in spite of the confident and categorical
assertions that emanate so freely from modern physicists, this experi-
mental fact does not prove that mass increases with velocity. There
are at least four explanations that have already been suggested: (1)
Einstein’s hypothesis of an increase in mass, (2) the unwelcome, but
nevertheless equally plausible hypothesis of a decrease in the charge
(where the applied force is electrical, as it has been in the experi-
ments), (3) the possibility that the observed effect is a result of
factors affecting the measurement, as suggested in the preceding para-
graph, and (4) the conclusion of the Reciprocal System that the
effect of a presumably constant force—electrical, magnetic, or gravi-
tational—actually decreases with the velocity of the object to which
it is applied. The mathematical “proof” which is supposed to estab-
lish the validity of Einstein’s hypothesis applies with equal force to
any one of the other three explanations, and it may well be that
there are still others as yet unknown which are equally valid mathe-
matically.

This brings us to the issue as to what further steps are necessary
in order to establish conceptual validity after mathematical agreement
has been obtained. How can we arrive at a definite conclusion as to
which of the four hypotheses as to the reason for the decrease in
acceleration at high velocities (if any of them) is valid? Here again
we can find an answer in a closer analysis of the mathematical situa-
tion. Returning to the behavior of high velocity particles, we note
that in application to this problem the equation a =F/m contains
two unknowns. The acceleration a is measured, but the magnitudes
of F and m are known only at rest; neither can be measured at high
velocity. Mathematical theory tells us that we cannot solve a single
equation with two unknowns. We can select values for the unknowns
which will make the equation mathematically valid, but these will
not be the correct values, unless by accident. If the equation rep-
resents some physical situation or other meaningful relation, correct
values do exist, but in order to determine these values we must have
a set of simultaneous equations.

The same principle applies to such cases as the one now under
consideration. We cannot determine the true reason for the decrease
in acceleration at high velocities by a study of this phenomenon alone;
we must have at least one independent but related phenomenon which
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can be utilized together with the behavior of high velocity particles
in a manner similar to the solving of a set of simultaneous equations.
Usually it will take an even larger set of auxiliary relationships in
this kind of a situation than would be expected on the basis of the
number of unknowns that appear to be involved, because these phys-
ical relations do not have the exact parallelism that characterizes
simultaneous mathematical equations, and furthermore, it is not al-
ways easy to determine in advance just how many unknowns enter
into the situation.

Invoking the aid of auxiliary relations in an attempt to prove the
conceptual validity of a hypothesis can work in reverse and furnish
a disproof rather than a proof; indeed, this is the usual result, as
the great majority of all theories that are proposed are conceptually
wrong. The few that survive represent only a very small fraction of
the number originally submitted for consideration. But here again
the current tendency is to relax the standards for the benefit of the
popular theories of the moment, and to ignore or “explain away”
contradictions and discrepancies, particularly if they appear in sub-
ordinate or collateral applications of the theory in question.

The current literature of science makes no reference, for instance,
to the very obvious fact that Einstein’s postulate of an increase in
mass at high velocities, the one we have just been discussing, is
wholly inconsistent with his explanation of the conversion of mass
to energy. Mass cannot be an accompaniment of kinetic energy, an
entity that increases as the kinetic energy increases, as required by
the aspect of Einstein’s theories that explains the behavior of par-
ticles in the accelerators, and also an entity that can be converted to.
kinetic energy, one that decreases as the kinetic energy increases, as
required by the aspect of Einstein’s theories that explains the atomic
bomb. Both of these aspects of the theories are mathematically cor-
rect, so far as we are able to determine at present, but they are
mutually contradictory from the conceptual standpoint, and therefore
at least one of them is conceptually wrong. The overwhelming mass
of evidence in favor of the hypothesis that mass and energy are in-
terconvertible is thus equally overwhelming evidence against the
hypothesis that mass increases with velocity.

Since the objective of this chapter is to survey the mathematical
knowledge of space and time that is available to supplement the
conceptual knowledge described in Chapter II, this discussion of the
hypothesis of variable mass may seem somewhat off the main subject,
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but a clear understanding of the difference between mathematical
knowledge and conceptual knowledge is necessary before we can
proceed with our survey, and this variable mass hypothesis provides
a particularly good example of the nature of the difference and of
the way in which modern science is confusing the two categories. The
essential point here is that no matter how definitely the validity of
a mathematical relation may be established, this does not in any
way confirm the validity of a particular interpretation of that relation.

The modern development which is of most particular concern
to us in this chapter, because it relates to the inherent nature of
space and time, is the Special Theory of Relativity, and the principal
relevance of the foregoing discussion of the variable mass hypothesis
lies in the fact that this hypothesis, which is itself wholly unsubstan-
tiated and actually in conflict with observed facts, is commonly
regarded as one of the main supports of the Special Theory. Further-
more, the logical status of the Special Theory is similar to that of
the variable mass hypothesis, in that it is also a well-established math-
ematical relation, upon which has been placed a conceptual inter-
pretation that is totally unverified and, in reality, has no claim to
special merit other than that it is the current favorite among the
many possible explanations of the mathematical results.

The existence of alternative explanations is well known and
incontestable. Hesse, for instance, tells us that “there are some other
logical questions raised by the theory of relativity . . . because there
are a number of alternative theories which all appear observationally
equivalent.”s* Hutten is equally explicit: “This (the Special Theory)
is a prime example of modern scientific method, and it illustrates
that facts alone do not make a theory, as is often believed; but that
an experiment may be interpreted in many different ways.”5s What
the physicists have actually done is to examine the alternative explana-
tions, to the extent that they were able to visualize them, and to
arrive at the conclusion that the Special Theory is the best of these
alternatives. “The principle of relativity was not accepted without
a thorough-going analysis of all conceivable alternatives,”s¢ reports
Sherwin.

Unfortunately, the Special Theory is not being presented to us
today in its true aspect as the current choice among a number of
possible explanations of the mathematical results; it is being pre-
sented as the correct explanation. “The conceptions of space and
time as given by relativity theory are, even today, accepted as final,”s?
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we are told, in spite of the general recognition of the fact that there
are other alternatives that are equally well substantiated observation-
ally. Furthermore, the prevailing opinion, as expressed by Sherwin,
that “all conceivable alternatives” have been examined is clearly in
error. No one is ever in a position to say that there are no other
conceivable alternatives. The most that he can legitimately assert is
that no other alternatives have yet been thought of, which puts the
situation in an entirely different light, as it eliminates any possible
justification for the assumption that “the best we have” is equivalent
to “correct.”

In this present work a new alternative to the Special Theory has
been produced. This immediately and automatically destroys the
contention that no more alternatives exist, and it cuts the ground out
from under the argument that has been the principal support of the
Relativity Theory, the argument expressed by Sherwin that it is the
best of “all conceivable alternatives.” With the knowledge, then, that
the Special Theory is only one of many, perhaps very many, possible
explanations of the mathematical facts in this case, and that it must
justify itself by comparison with observation and experiment in the
same manner as any other physical hypothesis, let us briefly review
the situation as it now stands.

Whether space and time are absolute or relational—that is,
whether they are prior to or determined by events—has been a sub-
ject of debate ever since the earliest days of thinking about scientific
subjects, but until the closing years of the nineteenth century it was
taken for granted that the magnitudes of these entities and of their
quotient, velocity, were absolute in the sense that accurate measure-
ments would yield identical values irrespective of the conditions under
which the measurements were made. Such a conclusion does not pre-
clude the measurement of relative velocities, but it means that the
magnitudes of these relative velocities are themselves absolute, and
as stated in the textbooks, “The velocity of body A relative to body
C is the vector sum of the velocity of body A relative to body B
and the velocity of body B relative to body C.”

In 1887 the Michelson-Morley experiment dropped a bombshell
into physical theory by demonstrating that the foregoing rule as to
the composition of relative velocities does not apply to the velocity
of light, and that the measured value of this velocity is constant irre-
spective of the reference system. By this time, nearly a hundred years
later, the sensational impact of the findings of this experiment is
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beginning to grow somewhat dim, and there is an increasing tend-
ency to minimize its importance in the development of present-day
physical theory, even to the extent, in some cases, of contending that
Einstein was not appreciably influenced by the experiment in formu-
lating his theories. But Einstein himself says that the results of the
experiment created “one of the most dramatic situations in the his-
tory of science.”s® These results were not only totally unexpected,
but they caught the scientific world completely unprepared to offer
any plausible explanation.

An explanation of sorts was finally devised by Fitzgerald, who
postulated that the length of an object in motion contracts in the
direction of motion just enough to account for the observed discrep-
ancy. Some theoretical backing for this postulate was subsequently
supplied by Lorentz, who attributed the contraction to the effect of
motion on the cohesive forces between the molecules, but there was
a very definite ad hoc flavor about the whole situation which left
scientists very uneasy.

At this point Einstein came on the scene with what is now known
as the Special Theory of Relativity. Instead of attributing the con-
traction to physical changes in the moving objects, he took the drastic
step of abandoning the concept of absolute magnitudes of space and
time, and postulating that the observed deviations from Newton’s
velocity relations are due to variability in these space and time mag-
nitudes. According to this viewpoint, intervals of space and time are
not fixed but vary with the relative velocity of the objects concerned.

Mathematically, both the Fitzgerald-Lorentz contraction hypothe-
sis and the Special Theory of Relativity are correct. Both are
specifically devised in such a manner that their formulation leads
to a set of mathematical expressions—the Lorentz transformations—
which were obtained empirically and are, for that reason, necessarily
in agreement with the facts of observation. The first question in-
volved in the present examination of the Special Theory: Is the
theory mathematically correct? can thus be answered in the affirma-
tive. It is mathematically correct because it was specifically designed
to fit the results of the experiments.

However, this does not automatically give us the answer to the
next question: Is the theory conceptually correct? If it could be
established that this theory is the only possible explanation of the
mathematical relations, then the theory would necessarily be concep-
tually correct as well but, as already pointed out, this is, from a
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practical standpoint, impossible. There is, to be sure, a tendency on
the part of the theorists to conclude that when a problem has been
under intensive study by the best minds in the scientific profession
for a long period of time and no more alternatives have been dis-
covered, this shows that there are no more alternatives, but this
assumes an omniscience on the part of the investigators which the
record certainly does not justify.

As brought out earlier in the discussion, such a conceptual situ-
ation involving more than one unknown can be resolved only in
the same way that a mathematical problem with n unknowns can
be solved; that is, by the equivalent of the mathematical device of
a set of simultaneous equations. In other words, we cannot establish
the conceptual validity of a theory by showing that it explains the
phenomenon that it was designed to fit, even if the agreement is
complete and exact. In order to prove conceptual validity we must
have at least two, preferably several, independent lines of evidence
converging to the same theoretical conclusions. This requirement ob-
viously cannot be met by the Special Theory. Even the study of non-
uniform motion, which is the phenomenon most nearly related to
the uniform motion treated by the Special Theory, has led to con-
clusions which are different from, and in some respects inconsistent
with, the assertions of the Special Theory. As Bergmann says, the
General Theory “discards, in a sense, the conceptual framework of
its predecessor.’’s®

The independent line or lines of evidence needed to verify the
conclusions of the Special Theory would normally come from an
application of principles previously established in related physical
fields, but it should be realized that up to the time of this present
investigation no one has ever applied principles developed elsewhere
in physical science, in their original forms and without ad hoc modi-
fication, to the solution of this particular problem. On the contrary,
the solutions thus far proposed have done just the opposite; they
have repudiated principles developed in other areas and previously
regarded as firmly established. The ad hoc character of the Fitzgerald
contraction hypothesis (which is in disfavor with the scientific com-
munity and therefore fair game for criticism) is freely condemned.
Capek reports, “Today this explanation is usually presented as a
perfect specimen of an ad hoc hypothesis, artificially postulated in
order to save the appearances.”®® But Einstein’s solution is equally
ad hoc and open to exactly the same criticism. It, too, is a hypothesis
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artificially postulated to meet the requirements of this particular
situation, and while it is mathematically correct, as it must be, since
it was deliberately designed to fit the mathematical results already
available, this does not in any way assure us that the theory is
conceptually correct.

It is therefore clear that the conceptual validity of the Special
Theory has not been established, but for present purposes we will
want to go one step farther and ask: Are there any reasons for believ-
ing that its validity will never be established; that is, are there any
definite items of evidence to show that it is incorrect? And if we
examine the situation carefully and critically, without the partisan
bias in favor of the theory that colors the viewpoint of the modern
physicist, we must necessarily answer: Yes, there is such evidence.

Before a theory can even undertake to pass the crucial test of
comparison with experience, it must be self-consistent. It must agree
with itself before there is any object in trying to determine whether
it agrees with observation. But the Special Theory is not self-con-
sistent. One serious internal contradiction is revealed by the clock
paradox. In the statement of this paradox we assume that a clock
B is accelerated relative to another identical clock A and that subse-
quently, after a period of time at a constant relative velocity, the
acceleration is reversed and the clocks return to their original loca-
tions. According to the principles of Special Relativity clock B, the
moving clock, has been running more slowly than clock A, the sta-
tionary clock, and hence the time interval registered by B is less
than that registered by A. But the Special Theory also tells us that
we cannot distinguish between motion of clock B relative to clock A
and motion of clock A relative to clock B. Thus it is equally correct
to say that A is the moving clock and B is the stationary clock, in
which case the time interval registered by clock A is less than that
registered by clock B. Each clock therefore registers both more and
less than the other.

Here we have a situation in which a straightforward application
of the Special Theory leads to a conclusion that is manifestly absurd.
As was emphasized in Beyond Newton, this paradox, which stands
squarely in the way of any claim that the Relativity Theory is phys-
ically valid, has never been resolved except by means which contradict
the basic assumptions of the Relativity Theory itself. Richard Schlegel
brings this fact out very clearly in a discussion of the paradox in his
book Time and the Physical World. “Acceptance of a preferred coor-
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dinate system” is necessary in order to resolve the contradiction, he
points out, but “such an assumption brings a profound modification
to special relativity theory; for the assumption contradicts the prin-
ciple that between any two relatively moving systems the effects of
motion are the same, from either system to the other.”s Whitrow
summarizes the situation in this way: “The crucial argument of those
who support Einstein (in the clock paradox controversy) automat-
ically undermines Einstein’s own position.”s2 The theory based pri-
marily on the postulate that all motion is relative contains an internal
contradiction which cannot be removed except by some argument
based on the assumption that some motion is not relative.

All of the efforts that have been made by the professional rela-
tivists to resolve this paradox depend, directly or indirectly, on
abandoning the general applicability of the relativity principle and
identifying the acceleration of clock B as something more than an
acceleration relative to clock A. Moller, for example, tells us that
the acceleration of clock B is “relative to the fixed stars,”®* and those
authors such as Tolman, who speaks of the “lack of symmetry between
the treatment given to the clock A which was at no time subjected
to any force, and that given to clock B which was subjected to . . .
forces . . . when the relative motion of the clocks was changed,”%*
are simply saying the same thing in a more roundabout way. But if
motion is purely relative as the Special Theory contends, then a force
applied to clock B cannot produce anything more than a relative
motion—it cannot produce a motion that does not exist—and the
effect on clock A must therefore be the same as that on clock B.
Introduction of a preferred coordinate system such as that defined
by the average positions of the fixed stars gets around this difficulty,
but only at the cost of destroying the foundations of the theory, since
the Special Theory is built on the postulate that no such preferred
coordinate system exists.

This one inconsistency is sufficient in itself to show that the
Special Theory is not conceptually correct, in spite of the irreproach-
able character of its mathematical credentials. It may be a useful
theory; it may be a “good” theory; it may, indeed, be the best theory
available at the moment (aside from the development in the subse-
quent pages of this volume); but this evidence shows that it is not
the correct theory. However, we do not have to rely on this one
inconsistency alone; there are other contradictions. One that is
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closely allied with the clock paradox is the existence of absolute
acceleration.

It is true, as the relativists contend, that we cannot determine,
without recourse to some external criterion, whether a system is at
rest or in uniform translational motion, and this is the principal
piece of experimental evidence advanced in support of the relativity
postulate. But this evidence only shows that if we deliberately re-
strict ourselves to the information that we can gain from observation
of uniform translational motion within the moving system itself,
there is nothing that contradicts the relativity postulate. There is
no sound reason, however, why we should bar the use of external
criteria as an aid in determining the true facts, and these criteria
tell us definitely that absolute motion—that is, motion with reference
to the general framework of the universe—does exist. Furthermore,
just as soon as we go beyond uniform translational motion we can
determine, without reference to external criteria, whether or not the
system is undergoing absolute acceleration. Since absolute acceleration
is a change in the magnitude of absolute motion, this necessarily
involves the existence of absolute motion.

The passengers in a space vehicle, for instance, will have no
physical evidence of translational motion within the vehicle after
they attain a uniform velocity, but they will be acutely conscious of
acceleration during the period just after the rocket is fired, and they
will be very aware of the situation if, for any reason, the vehicle
begins to rotate. The relativists have never been able to incorporate
such accelerations into their system other than by calling them “ac-
celerations relative to the fixed stars” which is merely a euphemism
for absolute acceleration.

One of the factors that has helped to create the existing confusion
with respect to the logical status of the Special Theory is the intro-
duction of the concept of the ether. As originally conceived, this
ether was supposed to be something filling all space and stationary
in that space. If there were any such entity, motion with respect to
the ether would measure motion with respect to absolute space, and
such experiments as that of Michelson and Morley were directed
toward a measurement of this kind. Since all such experiments have
failed to yield a positive result, it has by this time been demonstrated,
to a reasonable degree of certainty, that motion of the earth with
respect to absolute space cannot be detected by measurement of
motion with respect to a hypothetical ether. At this point the logical
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conclusion would have been that resort to other means to accomplish
this purpose would be necessary, but in the meantime Einstein had
come forward with his theory based on the assumption that absolute
space and absolute motion do not exist. The scientific world was
desperately anxious to have some kind of a plausible explanation of
the results of the Michelson-Morley experiment, hence in order to
accommodate the new theory and prevent its immediate destruction,
the physicists took the position that they would refuse to concede
the existence of absolute space and time unless this existence could
be demonstrated by some means within the moving system itself. In
effect, this ruled out any possible universal frame of reference other
than an ether. As Arthur Beiser states the “official” position: “The
absence of an ether, then, implies that there is no universal frame
of reference, so that all motion exists solely relative to the person
or instrument observing it.”’ss

In this way the use of external criteria for the purpose of deter-
mining absolute motion was arbitrarily ruled illegal. This is a most
astounding innovation in scientific procedure. We are quite familiar
with such situations in jurisprudence. Many a lawbreaker has gone
free because the rules of evidence would not permit the introduction
of the testimony which would have convicted him. But bringing this
kind of thing into science is not only unprecedented, but completely
out of order. Nature recognizes no “scientific rules of evidence” and
there is no sound reason why science should tie its own hands. Since
we cannot observe locations in space directly, we must identify them
by means of something observable that is present therein, but there
is no necessity that this be an ether, or anything resembling an ether.
On the contrary, we are on much more solid ground if we utilize
objects that we know actually exist, rather than something purely
hypothetical. The obvious choice for a reference system is the spatial
framework defined by means of the fixed stars.

Whether or not we regard this reference system as defining an
“absolute space” is immaterial. Some of the professional relativists
concede that it does. Moller, for instance, admits that “the fixed
stars as a whole may be regarded as approximately at rest relative
to the ‘absolute space”’ . . .”%¢ Eddington has made a similar con-
cession. But in any event, these stars provide us with a universally
applicable frame of reference, the kind of a “preferred coordinate
system” that Relativity claims does not exist, and whether or not we
call it “absolute space” is merely a question of semantics. Motion
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relative to this universal frame of reference is exactly the same thing,
from the scientific and practical standpoints, if not philosophically,
as the “absolute motion” that the world of science knew before Rela-
tivity came on the scene. The frequency with which the relativists
themselves call upon “motion relative to the fixed stars” to get out
of tight corners is clear evidence of how necessary an absolute frame-
work actually is, even to those whose basic theories rest upon a
denial that any such thing exists. It is also highly significant that the
astronomers, the scientific group whose work is the most directly
affected by the principles of Relativity, carry out their calculations
in callous disregard for those principles, just as if they had never
heard of Einstein, even though, as loyal members of the scientific
community, they may pay lip service to this phase of current scientific
dogma. McVittie tells us explicitly:

In discussing stellar proper motion and radial velocities, astrono-
mers tacitly assume that these represent the rates of change of
local distances with respect to the absolute time of classical
Newtonian mechanics. Moreover local distance is identified with
the absolute distance of classical theory.”

In addition to the direct evidence against the conceptual validity
of the Special Theory which is supplied by the clock paradox and
the existence of absolute acceleration, the inability of the adherents
of this theory to extend its field of applicability or to establish firm
connections with other physical theories, in spite of the immense
amount of effort devoted to the task is, in a sense, additional direct
evidence against it, because non-uniform motion is so closely related
to uniform motion that a conceptually valid theory applicable to the
more limited field should be capable of extension to the general case
without any serious difficulty. We must therefore conclude that the
conceptual validity of the Special Theory is not only unproved but
definitely disproved. The situation with reference to the General
Theory will not be considered in this volume, as this phase of the
Relativity ideas is outside the scope of the present discussion. It
was, however, examined in detail in Beyond Newton.

The question now arises, If the foregoing conclusions are correct,
and this can hardly be denied if the issues are squarely faced, why
are present-day scientists so thoroughly convinced of the validity of
the Special Theory? Why do front-rank scientists make categorical
assertions such as the following from Heisenberg:
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The theory . . . has meanwhile become an axiomatic foundation
of all modern physics, confirmed by a large number of experi-
ments. It has become a permanent property of exact science just
as has classical mechanics or the theory of heat.®

We can throw some light on these questions by considering the
following two statements:

A. As a mathematical problem there is virtually only one possible
solution (the Lorentz transformation) if the velocity of light
is to be the same for all. (Sir George Thomson)®®

B. There was and there is now no understanding of it (the
Michelson-Morley experiment) except through giving up the
idea of absolute time and of absolute length and making the
two interdependent concepts. (R. A. Millikan) 7

The logical structure of both of these statements (including the
implied assertions) is the same and can be expressed as follows:

1. A solution for the problem under consideration has been
obtained.

2. Long and intensive study has failed to produce any alternative-
solution.

3. Hence the original solution must be correct.

In the case of statement A, this logic is irrefutable. It would, in
fact, be valid even without any search for alternatives. Since the
original solution yields the correct answers, any other valid solution
would necessarily have to be mathematically equivalent to the first,
and from a mathematical standpoint equivalent statements are simply
different ways of expressing the same thing. The statements x = ab
and x/a=b, for example, are not two different mathematical rela-
tions; they are simply two different ways of stating the same relation.
Hence as soon as we obtain a mathematically correct answer to a
problem, we have the mathematically correct answer.

Statement B is an application of the same logic to a conceptual
rather than a mathematical solution, but here the logic is completely
invalid, as in this case alternative solutions are different solutions,
not merely different ways of expressing the same solution. “A physical
theory consists of a formal calculus and an interpretation,” explains
Hutten, “but the relation between calculus and interpretation is in
fact not unique. A single calculus may be interpreted in terms of
various concepts.””* Merely finding an explanation which fits the
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observed facts does not, in this case, guarantee that we have the
correct explanation. As brought out previously, we must have addi-
tional confirmation from other sources before conceptual validity can
be established.

Furthermore, the need for this additional evidence still exists as
strongly as ever even if the theory in question is the best explanation
that science has thus far been able to devise, as it is, or at least
should be, obvious that we can never be sure that we have exhausted
the possible alternatives. The theorists do not like to admit this.
When they have devoted long years to the study and investigation
of a problem and the situation still remains as described by Millikan
—that is, only one plausible explanation has been found—there is
a strong temptation to assume that no other possible explanation
exists, and to regard the existing theory as necessarily correct, even
though, as in the case of the Special Theory, there may be specific
evidence to the contrary. Otherwise, if they do not make such an
assumption, they must admit, tacitly if not explicitly, that their abil-
ities have thus far been unequal to the task of finding the alternatives.
Few human beings, in or out of the scientific field, relish making
this kind of an admission.

Here, then, is the reason why the serious shortcomings of the
Special Theory are currently looked upon so charitably. Nothing
better is now available, and the physicists are not willing to concede
that they might have overlooked the correct answer. But the facts
are clear. No new conceptual information has been added to the
previously existing body of knowledge concerning space and time by
the Michelson-Morley experiment and the theoretical developments
aimed at explaining the results of that experiment. The Special
Theory of Relativity is nothing more than an erroneous hypothesis:
a conspicuous addition to the historical record cited by Jeans; another
example of a mathematical formula that is right, or very nearly right,
clothed with a physical interpretation that is very badly wrong.

To many of those who, from their earliest contacts with physical
science, have been taught that the Special Theory “belongs to the
firm foundation of modern physics and cannot be disputed in our
present situation,” as Heisenberg puts it, this conclusion may seem
almost incredible, but the realization that the mathematical validity
of the Lorentz transformations is no proof of the validity of Einstein’s
interpretation of these mathematical results has been growing. “It
must be admitted, however, that Einstein’s original interpretation of
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the special theory of relativity is hardly ever used by contemporary
physicists,” says Feyerabend, “For them the theory of relativity con-
sists of two elements: (1) the Lorentz transformations; and (2) mass-
energy equivalence.””? Bridgman also comments on the tendency “to
define the content of the special theory of relativity as coextensive
with the content of the Lorentz equations,” and he points out that
on this basis there is no “theory” of relativity:

Nothing explicit in the (Lorentz) equations themselves deter-
mines the nature of the physical application, but this has to be
specified in some way apart from the equations. Not until we
have specified the details of the physical application do we have
the right to speak of the equations as part of a physical “theory.”?3

The emotional reaction of most physicists to any suggestion that
Einstein’s theory will have to be abandoned is largely due to a mis-
taken impression that the choice is between Einstein and pre-Einstein;
that the proponent of change is advocating a retreat to positions
that are now known to be untenable. But as long as we concede the
validity of the Lorentz equations a return to pure Newtonian theory
is impossible. The findings presented in this work do not suggest
a retreat from Einstein to pre-Einstein; they suggest an advance from
Einstein to post-Einstein. The Special Theory of Relativity is mathe-
matically correct but conceptually wrong. What is needed is not to
abandon the correct mathematical structure, but to discard Einstein’s
erroneous interpretation of the mathematical results, an action that,
as Feyerabend and Bridgman report in the foregoing statements, is
already under way, and then to ascertain what new concepts are
necessary in order to produce a theory that is both mathematically
and conceptually correct.

The correct theory of space and time must therefore be based
not only on the conceptual information summarized at the end of
Chapter II, but also on the additional mathematical information
about these two entities which has been obtained from the Michelson-
Morley experiment and the subsequent studies of the results of that
experiment. This information may be expressed as follows:

The velocity of light is independent of the reference system.

Other velocities measured in the normal manner in one refer-
ence system can be expressed in terms of another reference system
moving translationally at a constant speed relative to the first
system by means of the mathematical relations known as the
Lorentz transformations.



CHAPTER 1V

Laying the Foundation

One of the most interesting questions that has arisen out of the
activities of modern science is that of the ultimate future of the
human race. There is no doubt but that homo sapiens is a very
adaptable species—he manages to thrive anywhere within a surpris-
ingly wide range of environments, climatic and otherwise—but it is
still an open question whether he has attained a degree of adapta-
bility comparable to that of the cockroach, for example, which will
enable him to survive for millions of years, or whether sapiens will
sooner or later give way to some new and more advanced species, just
as he superseded homo erectus and erectus replaced his pre-human
ancestors. This intriguing question is not likely to receive an authori-
tative answer anytime in the near future, but for the purposes of the
present chapter let us indulge in a little flight of fancy and assume
that these evolutionary processes have actually taken place and that
homo sapiens has been supplanted by a super-race. Then let us fur-
ther assume that we who are now concerned with the subject matter
of this volume as author and readers are a group of individuals of
that super-race—homo super-sapiens, let us say—to whom has been
assigned the task of ascertaining the nature of the basic structure of
the physical universe.

Before we can don the robes of the super-scientist and proceed
with our project it will first be necessary to give some consideration
to the question as to just what advantage super-sapiens has over his
predecessor. Those who speculate about the possible emergence of a
super-race usually envision a great increase in intelligence: a rise
in the average 1.Q. to perhaps 300 or 400. If we adopt this viewpoint
we will have to abandon our undertaking before we get started, as
reproducing the mental processes of a vastly more intelligent race
is clearly an impossible task. But an increase in the intelligence
level is not the only way in which a super-race might develop. One
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of our prominent science fiction writers has just recently published
a story in which a superior race develops simply by suppressing the
emotional reactions that govern so much of the activity of homo
sapiens, and basing all decisions and actions on logical analysis and
reasoning. This we should be able to duplicate, at least on a par-
ticular assignment and for a short period of time, if we put forth
the necessary effort.

Of course, science already accepts such a code of procedure in
principle, but there is a wide gap between that which scientists sub-
scribe to as a matter of principle and that which they do in actual
practice. In principle valid criticism of accepted ideas should be
hospitably received as a worth-while contribution to scientific knowl-
edge; in practice such criticism is strongly resented by the “experts”
in the particular field involved, and in line with the old adage that
“it is the truth that hurts,” the more pertinent the criticism the
stronger the resentment. In principle a new idea of merit should be
welcomed with open arms; in practice even a relatively modest pro-
posal for modification of existing viewpoints is looked upon with
distate and suspicion, while a major new development has to fight
every inch of the way. The most important and most valuable dis-
coveries are not exempt from this treatment; on the contrary they
often meet the most hostile reception. Some, like Mendel’s basic
findings in the field of genetics, or Waterston’s pioneer formulation
of the kinetic theory, never did succeed in penetrating the wall of
prejudice and disinterest, and these important discoveries simply re-
mained dormant until they were rediscovered by someone else many
years later. Other important scientific advances prevailed only by
overcoming strong opposition, based more on emotional than on
logical grounds. For example, Planck’s theory of the quantum, now
recognized as one of the most important of modern scientific devel-
opments, was accepted only after a long and difficult struggle, during
which, Planck complains bitterly, his “sound arguments fell on deaf
ears.”’7*

In order to assume our roles as members of the super-sapiens race
for purposes of the present inquiry it will be necessary not only to
lay aside the emotional preferences and prejudices which lead homo
sapiens to violate his own code of scientific procedure, but also to
overcome the characteristically human distaste for leaving the com-
fortable groove of established thought. These are difficult, but not
impossible, requirements. Let us therefore adjust our thinking to the
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super-sapiens pattern and proceed with a cold-blooded, logical and
systematic study of the problem at hand.

With the benefit of the logical approach to all questions that
characterizes our super-race, it is obvious, to begin with, that the
proper way of analyzing a complex subject of this kind is to explore
its simpler and more basic aspects first, and then gradually work
toward the more complicated details. As our first step, then, we will
want to study the nature and properties of some of the fundamental
entities of the universe. It is not absolutely essential that we start
with the most fundamental, but there are some definite advantages
in so doing, and the first item in our program should therefore be
to identify the most fundamental entities that we can find in the
physical universe. Although the various physical entities do not carry
labels which brand them as fundamental or not fundamental, there
is little doubt but that the leading candidates for the distinction of
being most fundamental are space and time.

There are other points of view, of course. Some would give matter
the preference over space and time or, at least, assign it a coordinate
position. Supporters of the relational hypothesis of space and time
are also likely to raise the contention that “events” are logically prior
to space and time and hence the latter cannot be fundamental. But
it should be remembered that this conclusion is purely hypothetical
and even though it happens to be the hypothesis that has been most
favored by homo sapiens, the opposing concept of space and time
existing prior to events cannot be ruled out. Furthermore, it is clear
that both matter and events are very complex entities, whereas space
and time appear to be more simple. The choice of space and time
as the initial subjects for investigation therefore seems well founded,
particularly when we bear in mind that it is not essential that we
start with the most basic entities. If we have made the wrong choice
here we do not put any insurmountable obstacle in the way of success
in our undertaking; we merely make our task somewhat more difficult.

Thus our first problem is to determine the general nature of space
and time and the relationship between them. Since only a relatively
small portion of the universe is accessible to direct and accurate
observation, we cannot make such determinations directly, and what
we have to do is to assume some properties and relations, develop the
consequences of these assumptions, select those of the consequences
which fall within the accessible area, and then compare these theo-
retical consequences with the observed facts. If they disagree, then
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one or more of our assumptions is incorrect, and we must go back
and start all over again with new assumptions. If there is full agree-
ment, then the validity of the assumptions is substantiated to a degree
which depends on the number and variety of the correlations that
were made. The immediate question, therefore, is, What assumptions
shall we make?

Here, again, the clear and unprejudiced vision of a super-race
makes the proper course evident; showing us that such a question
can best be approached by first examining the general situation in
which we are considering the relation of any quantity x to any other
quantity y. In this general situation there will be a region accessible
to direct observation and another region which is not accessible.
The relation in the accessible region can, of course, be determined
by direct means, and what we need to ascertain in order to complete
our knowledge is the relation in the inaccessible region. Since this
relation is, by definition, unknown, it could be almost anything, and
the range of possible assumptions is almost unlimited. But when we
consider this general situation, without the distracting influences
which always accompany consideration of any specific physical situa-
tion, it is apparent that there is one possible assumption which is
far superior to all others. This greatly superior assumption is the
assumption that the relation which we find in the region accessible
to observation also holds good in the inaccessible region.

As has been pointed out, our original hypothesis, whatever it
may be, will ultimately have to be tested by developing its conse-
quences in all of the physical fields to which it is applicable and
determining whether or not these consequences agree with the facts
of observation and measurement. But the extrapolation assumption
—the assumption that the situation which we observe in our local
sector of the universe prevails throughout the universe as a whole
—is initially by far the best hypothesis that we can make: one that
not only has a far greater a priori probability of being correct than
any other possible assumption, but a much greater probability than
all other possible assumptions combined. For example, the fact that
space is three-dimensional where we are in direct contact with it does
not guarantee that it is three-dimensional everywhere and that this
is a general property of space, but it means that there is an extremely
strong probability that this is true and that the existence of an n-
dimensional space in which n has a value other than three is very
unlikely.
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If we were looking at this issue through the eyes of homo sapiens
there would no doubt be some tendency to question whether the
a priori probability of the validity of an extrapolation of a physical
relationship is as great as indicated in the preceding paragraph, be-
cause sapiens is very much overimpressed by certain highly publicized
20th Century developments in physics which are currently interpreted
as proof that some of the basic relations which govern the world of
everyday experience—Newton’s Laws of Motion, for example—cannot
be extrapolated to the realms of the very small and the very large.
But a race which looks at everything from a logical and factual
standpoint, without being influenced by emotional arguments or prop-
aganda in favor of the popular ideas of the moment, will realize
that even if this were true, the number of items involved is extremely
small compared to the enormous number of instances in which science
has made extrapolations into regions beyond the then current range
of observation, and subsequently, through the invention of improved
methods or instruments, has verified the accuracy of the extrapolations.

Furthermore, the clear-thinking super-scientist will realize that the
so-called “failures” of the extrapolated relations in the cases men-
tioned are only hypothetical. On first consideration homo sapiens
would probably regard this statement as absurd. The Laws of Motion
are accurate and dependable in application to macroscopic events,
but they admittedly do not give the correct results when they are
applied to events at the atomic level. It seems, therefore, that extra-
polation of these laws to the microscopic realm has been a failure.
But those who look at the situation in this light are overlooking the
fact that this is not simply an extrapolation; it is an extrapolation
plus an assumption. Newton”s Laws of Motion are applicable at the
level of our ordinary experience to the kind of motion which is there
encountered, and a pure extrapolation would lead to the conclusion
that the Laws are applicable to this kind of motion wherever it
exists. But in order to apply these laws to events at the atomic level
it is necessary not only to extrapolate the application of the laws but
also to assume that the atomic motion is the same kind of motion
as that encountered in the macroscopic world. If this assumption is
erroneous (and the subsequent development in this volume will show
that it is, in fact, erroneous) then the so-called “extrapolation” is not
an extrapolation at all.

Careful examination will disclose that most of the “failures” of
extrapolated relations are of this nature. The so-called extrapolations
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are, in reality, extrapolations plus one or more assumptions, and the
fault lies in the erroneous nature of the assumptions, not in the
inapplicability of the relations that are being extrapolated. Such
“failures” are, of course, completely irrelevant to the question as to
the reliability of the extrapolation process, and when we exclude them
from consideration, the number of cases where extrapolated physical
relations have been found inapplicable is insignificant compared with
the vast number of successful applications. Since it is the mathemat-
ical expression of experience that determines the probability, the
previous statement as to the strong a priori probability of the validity
of the extrapolated relations is amply supported.

The inherent superiority of the extrapolation process is all the
more important because it is not usually possible to test the conse-
quences of a single physical hypothesis in isolation. Most of the
phenomena which we must use for test purposes are complex events
that are not the result of a single property of space or of time but
are results of a number of properties of both space and time. Even
the most casual consideration of the probability principles is sufficient
to emphasize the tremendous advantage to be gained by the extra-
polation of the results of observation under such circumstances.
Where the probability of any one hypothesis being correct is very
low, as is true when pure assumptions are made concerning physical
processes or properties, the probability that all of several such hy-
potheses are correct is almost negligible. Furthermore, the probability
that all but one of these hypotheses are correct is likewise extremely
small. On the other hand, if each individual hypothesis has a high
probability of being correct, as is true when these hypotheses are
extrapolations, the probability that more than one of them is incor-
rect is close to zero. In this case, if the original set of assumptions
fails to produce the correct results, the search for the correct answer
can be a matter of substituting other assumptions one at a time for
each of the original assumptions in turn. A search of this kind is
a tremendous undertaking, to be sure, but it has some chance of
success, whereas if two or more of the original hypotheses are incor-
rect, so that the one at a time technique of substitution is precluded,
the odds against success are almost prohibitive.

Our consideration of the general situation thus leads directly to
the conclusion that the procedure in carrying out the assignment of
determining the basic structure of the physical universe should be
to ascertain the properties of space and time and the relations be-
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tween these two entities as they are manifested in the region acces-
sible to direct observation, extrapolate these properties and relations
to the universe as a whole, develop the consequences of the hypotheses
thus derived, and then determine whether these consequences are in
agreement with the observed facts. There is a very strong a priori
probability that we will find full agreement, and if so, the set of
assumptions derived in this manner is correct; if there is any discrep-
ancy, one of the assumptions, but almost certainly no more than
one, is in error. What we will then have to do is to locate the error,
make the necessary change in our postulates, and repeat the original
procedure.

The positively established conceptual knowledge concerning the
properties of space and time in the region accessible to direct obser-
vation and the nature of the relation between these two entities in
the accessible region were summarized at the end of Chapter II. In
accordance with the conclusions stated in the preceding paragraph,
we will now proceed to generalize these findings (omitting the one
uncertain item) and express them as hypotheses applicable to the
entire universe. In this manner we arrive at the following hypotheses:

Space is three-dimensional, homogeneous and isotropic through-
out the universe.

Time progresses uniformly throughout the universe.

Throughout the universe the scalar relation between space and
time is reciprocal, and this relation constitutes motion.

One conspicuous feature of these hypotheses is the absence of the
usual assumption as to the one-dimensionality of time, an assumption
which, in view of the points brought out in Chapter II, can no longer
be regarded as having any observational support. At this stage, how-
ever, no postulate of multi-dimensionality is being advanced. All that
we are doing at the moment is to determine what hypotheses as to
the properties and relations of space and time in the universe as a
whole can be legitimately derived by extrapolation of our direct ob-
servations, and these direct observations tell us nothing at all about
the dimensions of time.

Since we are viewing this situation with the clear insight of a
super-race, rather than through the veil of prejudices and pre-con-
ceived ideas that hampers homo sapiens in his reasoning, it will be
apparent to us that the logical status of all of the assumptions in the
foregoing list is identical. In each case the situation in the known
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region is clear and unequivocal; we have eliminated those items that
are in any way questionable. Hence the inherently strong probability
of validity that attaches to any extrapolation from the known to the
unknown applies with equal force to all these assumptions. This
does not mean that all must necessarily be true if one is true, but
it means that there is no justification for any advance judgment that
one is more likely to be correct than another.

This point is particularly important because some of these assump-
tions are thoroughly familiar to homo sapiens and are accepted by
him as practically axiomatic, whereas others are not only entirely
unfamiliar, but also wholly foreign to established human habits of
thought on these matters, and hence subject to the antagonism with
which the human race tends to greet heresy in any form. Scientist
and layman alike are strongly inclined to classify some ideas as “rea-
sonable” and hence believable, while others are regarded as ‘“un-
reasonable” and consequently unworthy of serious consideration. But
what this really amounts to is prejudging the case on emotional
grounds before the evidence is presented. It is quite true that many
of the ideas or assumptions that are proposed are self-contradictory
or in direct conflict with firmly established facts, and such items cer-
tainly cannot be accepted, but neither these nor any other ideas
should be condemned on the basis of any advance emotional judg-
ment. If they must be rejected, this should be done only after the
evidence is at hand. Where conclusive evidence can easily be obtained,
the verdict can be reached quickly, but there is never any justification
for reaching positive conclusions without adequate evidence.

When we look at the situation now under consideration from the
standpoint of pure logic, without the emotional overtones that are
so characteristic of human reaction to innovations, it is evident that,
as long as our observations in the accessible regions are definite and
positive, we are just as much entitled to extrapolate one as another,
and our general knowledge of the extrapolation process justifies the
assertion that each and every one of the assumptions derived by
extrapolation is very probably true. Before we can take the next step
and assert that they are, in fact, true, it will be necessary to demon-
strate their validity in the standard manner by showing that they
meet the test of comparison with experience, but it should be recog-
nized at the outset that there is but little chance that they will fail
to meet the test.

It is particularly essential to keep this fact in mind when the
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first deductions as to the direct consequences of these basic assump-
tions are made, because the conclusions thus derived will seem very
strange—perhaps altogether incredible—to those who are imbued with
previous ideas and concepts, and even a super-race may find the nec-
essary adjustment of thinking rather difficult. The first conclusion
of this kind that we draw from the extrapolated assumptions is that
inasmuch as these specify the existence of a general reciprocal relation
between space and time, there must be complete scalar symmetry
between these two entities. All properties which are possessed by
either space or time individually are therefore properties of both
space and time. We thus arrive at the conclusion that both space and
time are three-dimensional, homogeneous and isotropic, and both
progress at a uniform rate.

Every conclusion that we derive from the original hypotheses
offers us an opportunity to test the validity of the entire system of
hypotheses plus derivatives. Such a test cannot give us a positive
result; that is, even if the conclusion is found to agree with the ob-
served and measured facts in all respects, this does not assure us
that the system is valid, since there is still a possibility of conflict
with other facts at present unknown, a possibility that can be elimi-
nated only by complying with some much more stringent require-
ments. But any test can give us a negative result. If the conclusion
conflicts with any positively established fact, this is sufficient for
disproof. The conclusion that all properties of either space or time
are properties of both space and time would be immediately demol-
ished if any of the properties extrapolated from one to the other
turned out to be inconsistent with established facts, and in view of
the great differences which appear to exist between space and time
as we ordinarily envision them it would seem offhand that discrep-
ancies of this kind should be easy to locate. But we will find on close
examination that this is not the case; there is no conflict or incon-
sistency anywhere.

It is true that the concept of three-dimensional time is in direct
conflict with the ideas of homo sapiens, but it is only conflicts with
facts that are fatal, and human ideas as to the dimensions of time
are not factual. As brought out previously, the long-standing concept
of time as one-dimensional is based on a misunderstanding of the
nature of time dimensions. A dimension of time is not a dimension
in space, nor is it anything space-like; it is a property of time itself.
The scalar nature of the time term in the equations of motion is not
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a result of time being one-dimensional; it results from the fact that
time has no direction in space, regardless of how many dimensions
or directions of its own it may have. Thus there is nothing at all
in our observations that precludes time from being three-dimensional,
as required by the conclusion that time has all of the properties
which we observe in space.

To those who are accustomed to thinking along different lines,
the idea of a progression of space similar to the observed progression
of time may seem even more outrageous than the concept of three-
dimensional time, but the fact is that we have actual observational
evidence of such a progression. Of course, we cannot see locations in
space, but we can see objects which occupy locations in space, and
by means of the giant telescopes now in service we can see objects—
galaxies—which are so far away that any random motions which they
may possess are unobservable, and the effect of gravitation is attenu-
ated to the point where it is no longer a controlling factor. Under
these circumstances, if there is a progression of space, as our theo-
retical development requires, the spatial locations occupied by these
distant galaxies should be moving steadily outward away from us,
carrying the galaxies with them. This is just exactly what our obser-
vations indicate is actually happening.

We normally visualize the progression of time as a unidirectional
flow rather than an outward movement, but this is pure assumption.
As brought out in Chapter II, the presumed one-dimensional flow
of time is actually scalar rather than one-dimensional, and when we
analyze the motion of the distant galaxies, this also turns out to be
scalar. The recession of any galaxy A has a definite direction MA
when viewed from M, our own Milky Way galaxy, but the direction
of the recession is BA when viewed from galaxy B, CA when viewed
from galaxy C, and so on, which means that the motion actually has
no specific direction. It is simply a scalar motion, outward from all
other galaxies.

The significance of a positive and unequivocal confirmation of
this kind can hardly be overestimated, as there is a tremendous dif-
ference between the standing of a purely ad hoc hypothesis and that
of a hypothesis which is derived from one source and confirmed by
independent evidence from another physical source. Such hypotheses
as those of a “nuclear force” that holds the hypothetical constituents
of the atom together, the “propagation” of gravitation that is pre-
sumed to transmit the gravitational effect from one mass to another,
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or the mysterious unnamed “force” that is supposed to induce atoms
to acquire or lose electrons to attain the inert gas configuration, are
nothing more than euphemisms for ignorance. What meaningful
difference is there between saying that no one knows what holds
the constituents of the atom together and saying that they are held
together by a “force” dreamed up for this specific purpose and totally
unknown in any other connection?

But a hypothesis such as that of the progression of space, which is
derived by theoretical reasoning based on extrapolation of our obser-
vations of space and time in our everyday experience, and is then
corroborated by an entirely different physical phenomenon altogether
remote from our daily experience, the recession of the distant galaxies,
is something of a much different character. With the benefit of this
information, we are in a position to assert that we have here increased
our actual knowledge of the physical universe, and to look forward
with confidence to additional successful applications of this same
hypothesis in other physical areas, which will not only represent fur-
ther advances in scientific knowledge, but will still further strengthen
the already strong position of the hypothesis itself. For instance, in
one of the many such applications discussed in the subsequent pages,
it will be shown that the photon of light, like the distant galaxy,
behaves in exactly the manner required by the hypothesis of space-
time progression.

This completes the first phase of our committee assignment. Since
the conclusion that both space and time have all of the properties
observed in either space or time individually has been derived by
means of processes which are entitled to a high degree of confidence,
and since there is no factual evidence that is inconsistent with this
conclusion, whereas there is strong evidence supporting the validity
of the innovations which it introduces into physical relations, we
are justified in considering this conclusion as correct. This extends
our knowledge of space and time very substantially, and when all
of the knowledge that we now possess is explicitly stated in systematic
form we will have arrived at the kind of a basic theory of the struc-
ture of the universe that our committee was instructed to produce.
Before we can express this theory in a suitable form, however, there
are a few additional points to be considered.

One question that we will want to examine is whether space and
time are continuous or exist in discrete units. Here we find that
throughout the history of science there has been a steady growth in
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the recognition of discontinuity in the physical world. At the time
the atomic structure of matter was first proposed, all other primary
physical phenomena were thought to be continuous and infinitely
divisible. As knowledge has grown, however, more and more of these
have been found to exist only in units. The discrete nature of electric
charge and of radiant energy are already well confirmed, and there
is increasing evidence for the existence of basic units in other phe-
nomena, such as magnetism, for instance. If we project this trend,
we can reasonably arrive at the conclusion that when all of the facts
are known, the basic entities, space and time, will also be found to
exist only in discrete units.

Further mathematical development will show that the limitation
of space and time to discrete units is a necessary consequence of the
postulates previously formulated, particularly the reciprocal postu-
late, but for the present it will be preferable to regard this as an
additional assumption justified by projecting existing trends in the
increase of physical knowledge, as indicated in the preceding para-
graph. We will therefore add such an assumption to our list.

Another issue which requires consideration is whether space and
time, as we now see them in the light of our new knowledge, together
with the consequences that necessarily ensue because of the existence
of these two entities with the properties which we now know that
they possess, have a broad enough scope to constitute a complete phys-
ical universe, or whether the existence of some additional basic enti-
ties, such as matter, for example, must be postulated in order to
complete the theoretical picture. Here we have no option but to make
a pure assumption. It is clearly undesirable, however, to introduce
additional complexity into the theoretical development until the
necessity for so doing actually arises, and we will therefore start with
the postulate that space and time are the only constituents of the
physical universe. Additional factors can be introduced if and when
this becomes necessary, without invalidating any progress that may
have been made up to the point that such action is taken.

In formulating a statement of this postulate we encounter a
question as to whether we should consider space and time as separate
but related entities, or as two different aspects of the same basic
entity, and in case we choose the latter alternative, a further question
as to whether we should call this entity space-time or motion. These
questions have no bearing on the development of thought and we
are therefore free to make our choice on the ground of convenience.
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From this standpoint it seems advisable to select those terms which
will be most understandable in the context of existing thought and
which will facilitate explaining the new theoretical structure to indi-
viduals who are familiar with previously accepted ideas. We will
therefore say that the universe has only one component, and for the
present, we will call this component space-time, with the understand-
ing that this term is equivalent to motion, when motion is taken in
the most general sense.

Although the progression of space-time is one of the items of
knowledge obtained by extrapolation of our observations in the known
region of the universe, we do not need to include this progression in
the postulates because it is a necessary consequence of the other as-
sumptions derived by the extrapolation process. The same is true
of the homogeneity and isotropy of space and time and the uni-
formity of the progression. In our restatement of the basic postulates
we will therefore omit these items. It should be understood, however,
that they are essential to the theoretical development, and if any
question is raised as to the validity of their derivation from the
remaining assumptions, this merely means that they must be restored
to the basic postulates. The course of the subsequent development
will not be altered by any such question.

In addition to the assumptions that have been made concerning
the physical nature of the universe, it will also be necessary to make
some assumptions as to its mathematical behavior. Here again we
will follow the same procedure, extrapolating the relations which we
find existing in the region accessible to direct observation, and assum-
ing that they apply to the universe as a whole. In this manner we
arrive at the assumptions that the universe in general conforms to
the relationships of ordinary commutative mathematics, its magnitudes
are absolute, and its geometry is Euclidean.

Our committee is now ready to make its first progress report. In
this report we will say that we have found it possible to apply a
very reliable process—extrapolation of observed relationships—to the
problem assigned to us, and that by utilizing this process exclusively,
without introducing any unsupported or ad hoc assumptions we have
been able to formulate two postulates as to the basic nature of the
physical universe which have a very high degree of probability of
being correct. A full development of the consequences of these pos-
tulates should lead to a complete definition of the structure of the
universe. The postulates can be expressed as follows:
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First Fundamental Postulate: The physical universe is composed
entirely of one component, space-time, existing in three dimen-
sions, in discrete units, and in two reciprocal forms, space and
time.

Second Fundamental Postulate: The physical universe conforms
to the relations of ordinary commutative mathematics, its mag-
nitudes are absolute and its geometry is Euclidean.

At this point we will step out of our super-sapiens roles and return
to the more prosaic world of human activities. The super-committee
still has ahead of it the task of proving the validity of the postulates,
and this can be accomplished by applying similar logical and system-
atic processes, but the objective of this present volume is to clarify
the ideas and concepts of the new theoretical structure, not to prove
that it is correct. Most of the requirements for proof have been met
in previous publications, and whatever gaps still remain, or may
seem to exist, will be handled in future extensions of or additions
to those works. The nature of the proof that has been and will be
offered is, however, germane to the subject of the present volume,
and will be discussed in the next chapter.



CHAPTER V

Some General Observations

It is not necessary to be a member of the kind of a super-race
envisioned in the preceding chapter in order to arrive at the postu-
lates that were there formulated. But it took the author of this book
almost twenty years to reach these conclusions by the slow and painful
processes that man normally employs when he attempts to change
the direction of his thinking, whereas the preceding discussion shows
that they could be reached in less than twenty minutes by following
the cold-blooded, logical and systematic course of procedure that we
could expect homo super-sapiens to utilize.

Because of the inherently strong probability that the results of
extrapolation are valid, we know in advance that the two Funda-
mental Postulates which express the conclusions of the investigation
are almost certainly a correct representation of the basic relations of
the actual physical universe but, of course, we will want to eliminate
the qualification “almost” from the foregoing statement, and the
second major objective of the present project has therefore been to
prove that these postulates formulated in the first phase of the project
are, in fact, correct. As indicated in the introductory chapter, the
method that has been utilized to accomplish this proof is that of
reducing the probability that the postulates are incorrect to the
point where this probability is negligible.

In carrying out this program the necessary consequences of the
postulates have been developed in much detail and the validity of
the conclusions reached as a result of this development has been
established by comparing these theoretical conclusions with the re-
sults of observation and measurement. The feature of the theoretical
development which makes these comparisons so significant is that
even though the conclusions reached by this means are so numerous
and so all-embracing that they constitute a complete theoretical uni-
verse, yet the entire system has been derived solely from the two

67
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Fundamental Postulates without introducing anything from the ob-
served physical universe or from any other outside source. The mere
existence of space and time with the postulated properties gives rise
to certain primary consequences. Interaction of these consequences
with each other and with the postulates then results in a large number
and variety of secondary consequences, which, in turn, involve further
consequences, and so on until a whole theoretical universe has been
defined.

In view of a rather general reluctance to believe that such a thing
is possible, because previous efforts to unify physical theory have
been wholly unsuccessful, it seems advisable at this point to empha-
size the fact that the statements in the preceding paragraph mean
just exactly what they say. The development of the consequences of
the Fundamental Postulates leads not only to a definition of the
relations between physical entities, all that is normally expected of
a theory, but also requires the existence of these entities, and where
numerical values are involved, indicates the magnitudes, or at least
the possible magnitudes, of such values. Matter, for example, is not
brought into the system because we find it in the observed physical
universe. An entity with the properties that we observe in matter
must exist if the Fundamental Postulates are valid. It must exist in
the form of a series of elements, these elements must combine in
certain ways and no others, the elements and their compounds must
have certain properties such as volume, specific heat, etc., these prop-
erties must conform to certain sets of numerical values, and so on.
All of these are necessary and unavoidable consequences of the two
postulates: purely theoretical conclusions that are, so far as their
origin is concerned, completely independent of what we observe in
the actual physical universe.

The entire Reciprocal System, consisting of the two Fundamental
Postulates together with their necessary consequences, is thus a single
integral unit. If the postulates are valid, then each and every one
of the necessary consequences is likewise valid. Conversely, if even
a single one of the thousands of these necessary consequences conflicts
with a fact that has been definitely established, the postulates are
thereby invalidated and the entire structure falls. This unitary char-
acter of the system is the feature that makes proof by the probability
method possible.

An analogy that was discussed in considerable detail in Beyond
Newton compares the construction of a physical theory to the prepa-
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ration of a map, the usual process of theory construction being com-
pared to the traditional method of map making, and the development
of the theoretical structure of the Reciprocal System being compared
to the production of a map by aerial photography. Whatever the
production process may be, either a map or a theory must be checked
for accuracy before we can put any confidence in it, but the nature
of the process of construction makes a big difference in the kind of
a test that we apply. In testing a product of the traditional map
making or theory construction processes it is necessary to verify
each and every feature of the map or theory individually, as there
is little or no connection between the individual features and, with
relatively few exceptions, verification of any one feature does not
guarantee the accuracy of any other. But in testing an aerial map
or an analogous theoretical product such as the Reciprocal System,
where the entire map or theory is produced in one operation by a
single process, every test that is made by comparing the product
with the observed facts is a test of the process itself, verification of
the individual features selected for test being merely incidental. If
anything that can definitely be seen on the map conflicts with any-
thing that we positively know from direct observations of the terrain,
then the process is not accurate and the map as a whole can be
discarded.

On the other hand, since each check against the observed facts
is a test of the accuracy of the process, every additional test that is
made without finding any discrepancy reduces the mathematical prob-
ability that any such discrepancy exists anywhere on the map. Hence
by making a sufficiently large number of correlations distributed over
a substantial portion of the map the probability of the existence of
any error can be reduced to a negligible level. The same is true of
the Reciprocal System. When we check the theoretical conclusions
of this system against the results of observation and measurement in
thousands of different applications throughout an extremely wide
range of physical phenomena and find no contradiction or inconsist-
ency, then we have reduced the mathematical probability of any
error in the basic structure of the system to the point where it is
negligible.

In aerial photography we first complete the map and then, after
the completed product is available, we verify its accuracy by making
whatever checks against the results of observation may seem appro-
priate. From a purely logical standpoint there would be much in
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favor of following the same procedure in the physical area; that is,
developing the theoretical universe of the Reciprocal System, the
RS universe, as we will hereafter call it for convenient reference, in
complete detail, without any reference at all to the observed physical
universe and then, after the theoretical product is complete, compar-
ing the individual features of the RS universe with the corresponding
features of the observed universe. As a practical matter, however,
this procedure is not feasible, particularly in the initial presentation
of the system, because of the enormous amount of detail involved.
What we will have to do is to proceed with a step by step develop-
ment of the consequences of the Fundamental Postulates of the sys-
tem and, as each step is taken, compare the features of the RS
universe defined by those consequences with the corresponding features
of the observed physical universe.

It is essential to bear in mind, however, that all of the conclusions
that are reached in the theoretical development refer to the theoret-
ical RS universe, not to the physical universe. This would be obvious
if we were able to complete our theoretical map of the universe in
its entirety before we began the operation of checking it against
experience, but the situation is not altered by the piecemeal proce-
dure which we find it necessary to follow. For example, when we
arrive at the conclusion that sub-atomic particles are incomplete
atoms, not constituents of atoms, this is not a conclusion about the
actual physical universe, nor has it been reached by a consideration
of the available knowledge concerning physical particles of this kind.
It is purely a theoretical conclusion: something that necessarily and
unavoidably follows if the Fundamental Postulates of the Reciprocal
System are valid. The assertion that is here being made is that in
the theoretical RS universe developed from these postulates by logical
and mathematical processes, the theoretical entities corresponding to
sub-atomic particles are incomplete atoms. This assertion is not sub-
ject to challenge unless it can be contended that there is a flaw in
the logical development whereby it was derived from the postulates.

A similar theoretical development, which determines the features
of the theoretical RS universe applicable to the particular field under
consideration, is carried out in each section of the presentation in
this and the other volumes of the series. In the discussion of these
matters, frequent reference will be made to the fact that the theo-
retical conclusions apply specifically to the RS universe, but this
presentation would be much too awkward and unwieldy if we at-
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tempted to qualify all theoretical statements in this manner. It should
therefore be emphasized in advance that every theoretical statement
in the subsequent pages—every statement about what entities are
theoretically present in the universe, how they are related, and what
properties they possess—is a statement about the RS universe, whether
or not it is specifically labeled as such. :

In the second phase of the presentation, carried out in conjunction
with the theoretical development, it will be shown that each and
every one of the theoretical conclusions is consistent with all posi-
tively established facts. Here, again, it is important to keep in mind
the exact nature of the undertaking. No attempt is being made to
prove the validity of each of the theoretical conclusions individually.
For instance, the presentation will offer no proof that sub-atomic
particles are incomplete atoms rather than constituents of atoms;
what it will do is to show that there are no positively established
facts that are inconsistent with the hypothesis that this is the true
status of the sub-atomic particles in the physical universe, just as
it necessarily is in the theoretical RS universe.

The object of comparing the theoretical conclusion regarding the
sub-atomic particles with the experimental and observational data
is not to test the validity of this conclusion itself, an undertaking
which is not feasible at present because of the lack of sufficient data
of a specific and unequivocal character, but to test the validity of
the hypothesis that the theoretical RS universe is identical with the
actual physical universe. If there were any definitely known facts
about the observed sub-atomic particles that could be shown to be
inconsistent with the nature and properties of the corresponding par-
ticles in the RS universe, as deduced from the Fundamental Postu-
lates, then the postulated identity of the theoretical and observed
universes would be disproved. But since there is no such inconsist-
ency, a certain degree of probability has been established for the
identity hypothesis, regardless of whether or not any definite agree-
ment can actually be demonstrated in this instance. Each additional
comparison of the same nature is another test of the validity of the
same hypothesis. If any contradiction or inconsistency is found in
any of these tests, the identity is disproved. If no such discrepancy
is found, then every additional test of this kind decreases the mathe-
matical probability that any discrepancy exists anywhere. Hence by
making a sufficiently large number and variety of similar tests, the
probability that the theoretical RS universe is not identical with
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the observed physical universe can be reduced to the point where
it is negligible, which is one way of proving that the two are identical.

This proof that the observed physical universe is identical with
the theoretical RS universe means that each and every feature of the
physical universe exists exactly as portrayed by the theoretical devel-
opment. Thus, while we do not submit any individual proof that
sub-atomic particles are incomplete atoms, we prove collectively the
validity of all of the theoretical conclusions derived from the postu-
lates of the Reciprocal System, including the one that we have been
using for purposes of illustration: the conclusion that sub-atomic
particles are incomplete atoms.

The plan of presentation of the Reciprocal System in the several
volumes of this series can thus be summarized as follows:

(1) A theoretical universe is derived by developing the necessary
consequences of the Fundamental Postulates of the system.

(2) The identity of the theoretical RS universe and the observed
physical universe is proved by comparing the corresponding
features of the theoretical and observed universes in thou-
sands of individual cases, and showing that there is no incon-
sistency between the two in any instance where the physical
facts have been positively established.

It is evident from this that the status of previously existing theories
has no bearing at all on the points at issue. The two numbered
statements can be refuted only if (1) it can be shown that there
is a logical flaw in the chain of deductions from the postulates, or
(2) it can be shown that there is an inconsistency between the con-
sequences of the theory and the established facts. Conflicts with
previous theories have no relevance to either of these issues.

Under the circumstances it would be quite appropriate to present
the new theoretical structure, and establish its validity in the manner
indicated, without any reference at all to previous theories. This
policy was followed, with only a few exceptions, in the initial volume
of the series, The Structure of the Physical Universe. Experience has
indicated, however, that comparisons with previous ideas have con-
siderable value as an aid in gaining an understanding of the new
concepts and theories, and for that reason the more recent books
have devoted a substantial amount of space to discussing existing
theory. It is important to recognize that such discussion is merely
for purposes of clarification, and has no place in the actual develop-
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ment of the primary thesis of this work. In particular, it should be
understood that no issues are being decided on the preponderance
of evidence.

Ordinarily, when a question such as that of the status of the
sub-atomic particles arises, the relative weight of the evidence on
each side is the basis on which a decision is made. The evidence for
and against the theory that the sub-atomic particles are atomic con-
stituents is gathered and evaluated, the same is done for the theory
that these particles are incomplete atoms, and a decision is then
reached in the manner of a verdict in a case in court. Such a decision
is a judgment—an opinion as to which case is the stronger—and it
is subject to all of the weaknesses of human mental processes as well
as to the uncertainty that is inherent in conclusions based on inter-
pretations of incomplete and often contradictory evidence. The pro-
gram of this work, on the other hand, leads to a purely objective
conclusion, in which opinion and judgment play no part. Definite
and specific theoretical conclusions are compared with positively
established facts and in each case the answer can be an unequivocal
yes or no.

This obviously means that a great deal of care must be exercised
in making certain of the authenticity of the supposed facts that are
utilized for the comparisons. There is no justification for basing con-
clusions on anything that falls short of positive knowledge. In testing
the accuracy of an aerial map we realize that we can not justify
rejecting the map because the location of a lake as indicated on the
map conflicts with the location which we think that the lake occupies.
In this case it is clear that unless we actually know exactly where
the lake is, we have no legitimate basis on which to dispute the loca-
tion shown on the map. We also realize that there is no necessity for
paying any attention at all to items of this kind: those which are
uncertain. There are hundreds, perhaps thousands, of features about
which we do have positive knowledge, more than enough for purposes
of comparison, so we do not need to give any consideration to
features about which there is any degree of uncertainty.

The same is true in testing the validity of the Reciprocal System.
There are thousands of places in all of the major fields of physical
science where the pertinent facts are positively and definitely known;
as in the case of the aerial map, more than enough for purposes of
comparison. Here again there is no justification for giving any con-
sideration at all to features about which there is any degree of uncer-
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tainty. The reason for stressing this point so strongly is that so many
of the items included in the current store of “knowledge” in physical
science are not established facts at all but merely interpretations of
the actual observations. The conclusions of the Reciprocal System
conflict with a great many of these interpretations, but conflicts with
“knowledge” of this kind are meaningless. There is no good reason
why a new theoretical structure should be expected to agree with
existing theories or with interpretations of experimental results based
on those theories. Indeed, a correct theory must disagree with at
least some of them; otherwise it could not succeed where they failed.
The Reciprocal System is prepared to meet the test of conformity
with all positively established physical facts. A correct theory can
do no less, but neither can it do more; it cannot agree with both fact
and error.

Many of the erroneous conclusions of present-day science have
been generally accepted for so long a time that they are widely
believed to be factual, and where items of this kind have been en-
countered in the development they have been given some attention
in order to demonstrate their true status. It should be understood,
however, that for present purposes it is not necessary to prove that
these conclusions are wrong; all that is needed is to show that there
is a reasonable doubt as to their validity. Where there is any sub-
stantial doubt as to the correctness of currently accepted ideas, any
conflicts with the new system are meaningless; they have the same
standing as the conflict between the position of the lake shown on
the aerial map and the position which we think that the lake occupies.

This is an important point, as it is easy to demonstrate that many
accepted ideas are mere assumptions which have no factual basis,
whereas it may be extremely difficult to disprove them. For example,
there is a great deal of indirect evidence indicating that the com-
monly accepted explanation of the source of energy of the stars, the
conversion of hydrogen to helium, is not correct, but to prove this
point conclusively is not possible at present, because of the lack of
direct information as to the conditions that exist in the stellar inte-
riors. The subject of the stellar interiors, says Bonnor, “is an ex-
tremely difficult one because all that is really observed of stars is
their exteriors, and from this the whole structure of the interior has
to be inferred. As Fred Hoyle once said, it is like trying to deduce
the composition of a chimrey sweep from the color of his skin.”?
But this same lack of information is equally effective in reverse; it
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precludes proof of the affirmative position as well as the negative.
Hence even the staunchest supporters of the hydrogen conversion
theory have to admit that it is only a hypothesis. This means that
if the Reciprocal System conflicts with the current theory of stellar
energy generation—which it does—it is not in conflict with an estab-
lished fact, which would be fatal; it is merely in conflict with a cur-
rently popular hypothesis, and this conflict has no actual significance
one way or the other.

In view of the extraordinary importance attached to any one
possible inconsistency between theory and fact in testing the Recip-
rocal System, it is essential to use an extraordinary degree of care
in making certain that the alleged facts utilized for comparison are
actually facts, not assumptions or interpretations masquerading as
facts. When every test is a crucial test—one which can destroy the
entire development if a definite inconsistency is found—then it is
imperative that every test be a thorough and honest test. In principle
every new theory is entitled to be evaluated in the most careful and
painstaking manner, since new ideas are the most important raw
material of scientific investigation, and if the human race habitually
followed the logical and systematic procedures that we attributed to
homo super-sapiens this policy would no doubt be carried out, but
human science does not operate in this manner. The scientist who
undertakes to evaluate a new theory of the usual kind knows from
the start that the odds are overwhelmingly against it. The great ma-
jority of all new theories that are proposed are wrong in some essen-
tial respect, hence the evaluator does not expect that the particular
new theory which he is examining will meet his tests, and he would
be greatly surprised if it did. He therefore views his task more as a
matter of locating and exposing the error which he feels certain
exists in the new theory than as a matter of ascertaining whether or
not there is any such error, and he is psychologically prepared to
render a negative verdict as soon as some seemingly unfavorable bit
of evidence appears, without taking the time and trouble to examine
that evidence carefully and critically.

In the present instance, this kind of an examination is simply
not adequate. Here the probabilities are completely reversed, and it
would be very surprising if the theory does not meet the particular
test that is being applied. The postulates of the Reciprocal System
are not mere assumptions on the order of the basic hypotheses of
the usual physical theory, but have been derived by the reliable
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process of extrapolation of observed facts and hence have a strong
probability of being correct. It is quite unlikely, the probability
principles assure us, that any discrepancy will be found between the
results obtained from this system and the true facts. Consequently
there are, in this case, strong grounds for doubting the validity of
anything that seems to contradict the validity of the theoretical con-
clusions. When we take this into consideration along with the extra-
ordinary effect that any one inconsistency would have if it did exist,
it is clear that any seeming conflict should be examined with the
utmost care and thoroughness. The Reciprocal System admittedly
conflicts with many tenets of present-day scientific doctrine, but it
can be shown that these are not conflicts with established facts, and
hence they have no bearing on the points at issue.

It is worth noting, however, that the conflicts with the current
thought of the scientific profession are not nearly as numerous as
might be expected from the basic nature of the new concepts that
are being introduced. Surprising as it may seem, in view of the drastic
nature of these conceptual changes, the new system is in full agree-
ment with the great bulk of existing physical theory. There are some
rather spectacular conflicts with the so-called ‘“modern” developments,
to be sure, but in spite of the prominence that “modern physics” has
acquired in recent years, these subjects in themselves represent only
a relatively small part of the total field. Almost all of the theoretical
relations applicable to our immediate environment which have been
firmly enough established to enable the applied scientists—the engi-
neers—to utilize them on a practical basis can be derived from the
postulates of the Reciprocal System in essentially the same form in
which they are now known. These relations—Newton’s Laws of Mo-
tion, the gas laws, the laws of thermodynamics, the laws of optics,
the kinetic theory, Newton’s Law of Gravitation, Kirchhoff’s Laws,
Ohm’s Law, Hess’ Law, Faraday’s Law, Avogadro’s Law, Pascal’s Law,
and so on—are incorporated into the Reciprocal System practically
intact. Where some change has been necessary, as in the laws of
motion, this change has usually been in the definition of the concepts
entering into the particular relation, rather than in the physical or
mathematical expression of the relation itself. Newton’s Laws of
Motion, for instance, are retained in his original form, but the concept
of time has been altered.

The new system is likewise in harmony with at least some of the
original concepts and ideas of the so-called “‘modern” physics: those
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portions of modern theory which are based directly on empirical
findings. Planck’s original theory of the quantum of radiant energy
is fully compatible with the consequences of the postulates of the
system, as is Einstein’s extension of Planck’s hypothesis to the photo-
electric effect. The Lorentz transformations are likewise acceptable
to the Reciprocal System and, as has been brought out in the preced-
ing pages, this system and the Special Theory of Relativity are there-
fore in agreement mathematically, although the new information
developed from this present investigation shows that the Special
Theory is conceptually wrong.

Within the realm of everyday experience—the fields of the engi-
neer, the chemist, the geologist, etc.,—the role of the Reciprocal
System has been primarily a matter of filling in the gaps in existing
knowledge. In such fields as that of chemical combination, for ex-
ample, where existing theory is painfully inadequate, it has been
possible to establish complete and correct theoretical structures. Fur-
thermore, the new system has made a major contribution by extending
the scope of theory to the magnitudes of physical quantities. Of
course, previously existing theory covers the mathematical relations
between physical quantities—indeed, the quantitative treatment is
often regarded as the essence of science—but in general, these previous
theories have not been able to account for the individual magnitudes.
They have not been able, for example, to specify the magnitude of
the gravitational constant, or the molar gas volume, or Planck’s con-
stant h, or the Faraday constant, and so on; it has been necessary to
measure these quantities and to use the values thus determined.

Likewise, the theorists have not heretofore been able to devise
any means whereby we can calculate from purely theoretical founda-
tions (except in rare and very special cases) the numerical values
of the properties of physical entities—such properties as density, spe-
cific heat, viscosity, refractive index, etc.—even though these proper-
ties do have definite magnitudes which clearly must be subject to
some kind of physical laws. The development of the postulates of
the Reciprocal System yields not only qualitative relations but also
quantitative relations, and the absolute magnitudes, or at least the
possible magnitudes, of such items as the foregoing can be derived
from theory alone.

In the far-out regions the task of the new system has been to build
a completely new theory. Here, where empirical knowledge has been
too scanty and too confused to constitute any effective restraint on
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the imaginations of the theorists, previous theory constructors have
attempted to explain the observed phenomena by pure speculation
and ad hoc modification of the principles applicable to the more
familiar regions, and as a result it is here that theoretical science is
finding itself unable to keep up with the progress of experimental
discovery. The Reciprocal System is not subject to the handicaps
that conventional theory encounters in these less accessible regions,
as this system derives its entire theoretical structure from a logical
and mathematical development of the consequences of the Funda-
mental Postulates, and does not depend on guidance or assistance
from observational or experimental information. By reason of this
purely theoretical derivation, the new system has been able to arrive
at complete and consistent theories covering the phenomena not only
of those regions where observational data are meager, but also some
other regions which are still completely unknown observationally.

The most drastic changes made by the new system, as distin-
guished from additions to or clarifications of previous theories, come
in these areas where scientists have, without being aware of the
fact, made contact with regions of the universe other than the one
in which we happen to be located and to which our familiar phys-
ical relations apply. It is here that the theorists have attempted the
impossible; they have attempted to fit the relations appertaining to
one region of the universe to the phenomena of other regions that
are actually governed by totally different, and in some cases diamet-
rically opposite, relations. And it is here that they have, as a direct
consequence, found themselves in a state of confusion and uncer-
tainty: a situation that is responsible for what Hanson calls “the
agonies which now confound quantum theory and cosmology,””¢ and
for the recurring “crises” in other physical fields.

In the light of the information developed in this present investi-
gation it is clear that the existing confusion was inevitable. The
theorists who have attacked these problems have lavished an immense
amount of intelligence, ingenuity and perseverance upon them, but
a problem cannot be solved, no matter how great the ability of those
who undertake its solution, or how much effort they apply to the
task, if the basic nature of the problem is misunderstood. “The most
interesting fact about laws of nature,” says Michael Scriven, “is that
they are virtually all known to be in error.””” But this conclusion is
not at all representative of the true situation; it is merely one of
the results of the physicists’ misconception of the nature of the phe-
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nomena with which they are dealing. Most of the so-called “classical”
laws are correct in their proper sphere, and the “errors”’ that are
commonly charged against them are simply consequences of attempt-
ing to apply them in areas which are governed by totally different
relations.

As Freeman ]. Dyson points out, some major innovation is
required in order to “put an end to the present confusions”**—an
“epoch-making” innovation, he says. The Fundamental Postulates of
the Reciprocal System as developed by extrapolation of the observed
properties of space and time in the preceding chapter now provide
us with the kind of a conceptual innovation that is needed, and the
remainder of this volume will be devoted to showing how the devel-
opment of the consequences of these postulates brings order out of
confusion in the unsettled areas of physical science.

This is an appropriate point at which to reiterate that the entire
theoretical development rests upon these two postulates, without the
introduction of any additional assumptions or any data from obser-
vation. In the next chapter it will be demonstrated that the existence
of matter and of radiation are direct consequences of the postulates,
and that the primary properties of these entities are specifically defined
by the further development of these consequences. Chapter VII will
then show that matter which originates in this manner must exist
in the form of individual atoms, and that the possible structures of
such atoms constitute a series which we can identify as a series of
chemical elements. Further development of the consequences of the
postulates, without reference to anything outside of the system de-
fined by these consequences, then leads to a complete theoretical
universe which, on comparison, we find to be identical with the
observed physical universe.

The program that will be followed in the subsequent pages of
this present volume will not involve complete development of any
sector of the theoretical RS universe, but will merely trace the devel-
opment far enough in each major physical field to indicate the general
nature of the modifications which will be necessary in each of these
areas by reason of the new concepts of space and time which the
theory introduces. As the theoretical structure is gradually erected,
the way in which it clarifies hitherto obscure points and brings seem-
ingly discordant observational data into harmony will be illustrated
by a brief consideration of the appropriate phenomena. Details will,
however, be held to a minimum, as the aim of this presentation is
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to give a bird’s eye view of the new theoretical structure as a whole:
one which will emphasize the unitary character of the system, the
simple and logical nature of the explanations which it offers, and the
complete agreement with the facts, including many that previous
theories have been unable to cope with.

There is nothing surprising or unexpected about the fact that a
theoretical system which is able to prove that it is correct in its
entirety should be capable of providing simple and logical solutions
for extremely difficult problems of long standing, as well as meeting
the many less exacting demands that are made upon it. Such achieve-
ments are, however, very dramatic and conclusive demonstrations of
the power and versatility of the new system, and for that reason they
warrant some special attention over and above whatever comment
may be made as to their contribution toward the general proof of
the identity of the theoretical RS universe and the observed physical
universe. In the ensuing discussion, therefore, we will specifically
point out a number of the Outstanding Achievements of the Recip-
rocal System and will explain the significant contribution that each
has made toward overcoming previously existing difficulties.



CHAPTER VI

Progression vs. Gravitation

From the standpoint of our accustomed habits of thought, one of
the most surprising of the conclusions that were derived by the extra-
polation process in Chapter IV is that of a progression of space. The
somewhat intuitive impression that we gain from our everyday expe-
rience—an impression that has been accepted and formalized by
present-day physical science—is that space is an entity that “stays
put,” whereas time is an entity that progresses. But now the postulate
derived from an extrapolation of the observed space-time relation
tells us that space also progresses in exactly the same manner as time.

The origin of the progression is evident as soon as the reciprocal
postulate is formulated. If space and time are reciprocally related,
then a single unit of space is equivalent to a single unit of time, from
the scalar space-time standpoint. When the passage of one additional
unit of time causes point A to move forward to A + 1 in time, the
equivalence of the unit of time and the unit of space means that
point A has also moved forward one additional unit of space, to
point A + 1 in space.

The general nature of the progression is not as obvious. Our
rather vague psychological impression of the passage of time sug-
gests a unidirectional movement, from the past and toward the
future—the River of Time, as it is so often called. But now that we
recognize both space and time as progressing, we have an oppor-
tunity to see the progression in a much clearer light. As pointed out
in Chapter IV, the recession of the distant galaxies is clearly due
to the space-time progression, and this phenomenon therefore gives
us a visible illustration of the nature of the progression of space
and, by extension, the nature of the corresponding progression of
time. It is not difficult to get a clear mental picture of the observed
situation in which the galaxies are moving directly outward from
us in all directions, and we need only to imagine this recession tak-
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ing place at the velocity of light—which it undoubtedly does some-
where beyond our present observational range—in order to get an
understanding of how the locations in space are continually moving
away from the location which we happen to occupy.

The corrolary to this proposition, the fact that we are likewise
moving away from all other galaxies in the same manner and that
the location which our galaxy occupies is moving outward in all
directions away from all other spatial locations, is somewhat harder
to visualize. It is not easy to conceive of motion taking place in all
directions simultaneously. But unless we wish to take the position
that our galaxy alone, among all of the billions within observational
range, occupies a fixed position—a rather fantastic contention—our
galaxy must be moving away from all others, and hence must be
moving in all directions. A motion in all directions has no specific
direction; that is, such a motion is scalar. The movement is simply
from A to A + 1 and on to A + n, both in space and in time. To
illustrate this phenomenon the astronomers commonly utilize the
example of points on the surface of a balloon which is being inflated.
As the inflation proceeds, the distances between the points gradually
increase; that is, each point moves away from all other points, and
thus moves outward in all directions simultaneously. By visualizing
a similar situation in three dimensions we can obtain a mental pic-
ture of the recession of the galaxies and of the progression of space
which causes the galactic recession.

If we now recognize that time is subject to exactly the same kind
of a progression as space, we can get a new concept to replace the
familiar idea of a “River of Time” flowing past us unidirectionally.
Instead of a river, we should visualize the equivalent of an expand-
ing balloon. Each point in time moves outward from all other points
just as each point in the three-dimensional space occupied by the
balloon moves outward from all other points. But we should keep
in mind that the balloon is an incomplete analogy. The progression
of time is different in one important respect: it does not take place
in space; it takes place in time. Each location in time is continually
moving outward away from all other locations in time.

An important consequence of the progression of space-time is that
unit velocity, one unit of space per unit of time, is the condition
of rest in the physical universe, the datum from which all activity
begins. We are so accustomed to measuring from the mathematical
zero that this concept of a finite velocity as the neutral condition will
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no doubt seem odd on first consideration, but it is not without prece-
dent. There are other physical situations in which the neutral point
is at some finite value with meaningful deviations in both directions.
For example, there is the hydrogen ion concentration, measured on
the pH scale. If we are concerned about alkalinity and we find that
two solutions have pH values of 7 and 8 respectively, it might appear
to the uninitiated that one solution is slightly less alkaline than the
other. The truth is, of course, that the solution with the 7 pH is
not alkaline at all, as 7 is the neutral value. This is not an arbitrary
point, like the zero on the Centigrade temperature scale; the pH is
mathematically related to the actual hydrogen ion concentration, and
hence represents an actual physical reality. Unit velocity is a neutral
value of the same nature: a true physical datum with a finite
magnitude.

In this neutral condition, each unit of space is exactly like all
other units of space and each unit of space is equivalent to a unit
of time that is exactly like all other units of time. A unit of elapsed
time, a unit movement in time, is equivalent to a unit movement in
space, hence all locations in space-time are moving away from all
other locations at unit velocity. Since space-time is motion, in the
most general sense of that term, its measure is speed or, as this speed
manifests itself in a spatial or temporal reference system, velocity.
Just as we measure space in centimeters, or some similar unit, and
time in seconds, we measure space-time in centimeters per second—
in velocity terms. Unit velocity is not only the measure of the pro-
gression of space-time; it is the measure of space-time itself. Space-time
is a motion: a progression. Aside from this ceaseless progression, a
universe in the neutral condition would be one vast domain of per-
fect uniformity in which nothing ever happens and nothing could
happen.

In order that there may be events or phenomena in the universe
—anything other than the uniform and featureless progression—there
must be a deviation from unity: a displacement of space-time from
the unit level. There cannot be any such deviation in the space-time
velocity, since the equivalence of a single unit of time and a single
unit of space holds good for any number of units or any combination
of units. The space velocity or the analogous quantity in time may,
however, experience displacement because of the directional effects
that pertain to space and time individually. If the space direction
of the progression, for example, reverses at the end of a unit, the
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progression of space-time is not affected, since space-time is scalar
and has no directional characteristics, but the progression of space
now moves back over the same space unit which it just traversed.

On first consideration it may be hard to understand how an
object which is moving directly away from us can reverse its direc-
tion of motion and still continue moving directly away from us. We
realize, however, that inasmuch as the distant galaxies are all moving
directly away from us, we must be moving directly away from all of
them. Our galaxy M is therefore moving away from galaxy A in the
direction AM, whereas it is also moving in the opposite direction
BM directly away from some galaxy B which is diametrically oppo-
site to A in our field of vision. It is quite possible, then, for some
object to have a motion coinciding with the recession of our galaxy
in the direction AM, and then to reverse this spatial direction and
move in unison with the recession of our galaxy in the direction BM.

The important point here is that the recession of our galaxy in
the direction AM moves the galaxy outward in space away from all
other galaxies. Consequently any object whose motion coincides with
that of the galaxy is also moving outward away from the distant
galaxies; that is, it is moving outward from all other locations in
space. But exactly the same thing can be said of any object whose
motion coincides with that of the galaxy in the opposite direction
BM. This object is also moving outward away from all other locations
is space.

The scalar direction of any motion, the inward or outward direc-
tion toward or away from all other locations, is thus independent of
the spatial direction. In the example we have been discussing, motion
in the direction AM may be either inward or outward, from the
scalar standpoint. The same is true of motion in the direction BM.
This explains how the space-time progression which, in our region
of the universe, always proceeds outward, can, under appropriate
circumstances, reverse its spatial direction.

No special mechanism is necessary in order to accomplish this
reversal. The reciprocal postulate requires the existence of aggrega-
tions of n units of space (or time) in association with single units
of time (or space) and, as indicated in the foregoing discussion, a
change of spatial direction (or temporal direction) is the only means
by which such associations can be formed. Deviations from the nor-
mal one to one space-time ratio—displacements of space-time, as they
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are called in this work—therefore must exist, and directional changes
must take place wherever such displacements occur.

A directional reversal of this kind is an event—a physical occur-
rence—and it takes place at a specific spatial or temporal location.
All such locations are subject to the progression; that is, a space-time
location is a thing in motion. The reversed motion thus becomes
detached from the general space-time structure and is carried along
by the progression in a direction perpendicular to the direction of
the original motion. It now becomes a physical entity: an independ-
ent phenomenon pursuing its own course and having a space velocity
of its own, the magnitude of which is determined by the relative
frequency of reversals of space direction and time direction. Space
progresses n units while time progresses m units, and the space
velocity is therefore n/m in this particular phenomenon.

Although we have been dealing only with reversals thus far, it
will be noted that in making some of the general statements in the
preceding paragraphs it was necessary to use the term ‘“change”
rather than ‘“reversal” of direction. The reason is that there is no
requirement of an immediate reversal. A gradual change of direction
by means of a rotational movement will accomplish the same result.
However, a direct generation of rotation from the neutral condition,
in which nothing exists but the uniform progression of space-time,
is impossible simply because there is nothing to rotate. The first
effect of a displacement applied to the neutral situation is therefore
to cause vibrational motion. The vibrating unit then progresses trans-
lationally as has been explained. When this vibrating unit is viewed
from a reference system that does not progress, the combination of
an oscillation in one dimension with a unidirectional progression in
a perpendicular dimension takes the form of a sine curve.

If a number of such oscillating units are generated at the same
space-time location—that is, are generated simultaneously at the same
space location—their unidirectional progression always takes place
in the outward scalar direction, but outward from the scalar stand-
point is indeterminate from the standpoint of spatial direction, and
the progression of any individual unit can therefore take any spatial
direction. Since all directions are equally probable, the mathematical
principles of probability, whose validity was assumed as a part of
the Second Fundamental Postulate, tell us that the individual pro-
gressions of the units will be distributed equally over all spatial direc-
tions. The first phenomenon that we develop from the Fundamental
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Postulates is therefore one in which oscillating space-time units
originate at various locations in space-time and move outward in all
directions from these locations at unit velocity, one unit of space
per unit of time.

The various entities that emerge as constituents of the theoretical
RS universe as the development proceeds will, of course, appear with-
out labels, but it will not usually be difficult to identify the corre-
sponding feature of the observed physical universe. In this case it
is obvious that the oscillating units which we have been describing
are photons of light or other electromagnetic radiation. The process
of emission and movement of these photons is known as radiation,
the space-time ratio of the oscillation is the frequency of the radiation,
and unit velocity is the velocity of electromagnetic radiation or, as
it is more commonly termed, the velocity of light, customarily repre-
sented by the symbol c.

Here, then, is the first of those Outstanding Achievements of the
Reciprocal System which deserve special emphasis. The foregoing
description of the nature of the photon furnishes a complete and
logical explanation of the seemingly paradoxical behavior of radia-
tion in which it sometimes acts as a particle and sometimes as a
wave—one of the most baffling enigmas of modern physics: “the
vexed antinomy of ‘corpuscles versus waves’ which contemporary
physics faces and which the term ‘complementarity’ merely hides
without removing,”?® as Capek describes it. The photon acts as a
particle in emission and absorption because it is a single independent
unit; it travels as a wave because the combination of a linear oscil-
lation and a translatory movement in a perpendicular direction
produces a wave-like motion.

One of the most significant features of the Reciprocal System is
that the explanations which it produces for basic physical phenomena
are extremely simple. Instead of explaining why seemingly compli-
cated phenomena are complex and perplexing, this system removes
the complexity and reduces the phenomena to simple terms. The
space-time progression and the galactic recession which it produces
occur because one unit of space is equivalent to one unit of time.
The photon originates by a periodic reversal of the direction of one
of the components of space-time. Both of these are about as simple
as any physical explanation can be. Now we find that the answer
to the seemingly insoluble wave-particle problem is equally simple.
To the question: Is the photon a wave, a particle, some hybrid that
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could be called a “wavicle,” or is it one of the ghostly denizens of
the half-world of the quantum theories?, we are able to reply: The
photon is a particle (that is, a discrete physical entity) which travels
as a wave. On this basis the reason why radiation can have wave-like
properties such as that of polarization even though it consists of
discrete particles is obvious.

The same simple explanation of the nature of the photon can
also be credited with Outstanding Achievement Number Two: the
answer to the problem of how the energy of radiation is transmitted
from one object to another distant object without any connecting
medium between the two. Such answers must be innovations; if they
could be obtained from existing lines of thought there would be no
problems. Furthermore, if they are to be simple answers to problems
of long standing, they must have some rather surprising aspects, as
it is not at all likely that answers within the bounds of accepted
thinking would have remained hidden so long, particularly in view
of all of the effort that has been applied to searching for them. In
the case of the wave-particle problem, no one has previously realized
that the photon, as observed, might be more than a photon; that
is, it might be a photon in conjunction with something else. But
as soon as we look at the situation in this light, it is apparent that
we have arrived at a simple solution of the difficulty.

The innovation that solves the problem of how radiation is
transmitted through empty space is one of an even more surprising
character. The answer here is that radiation is not transmitted at
all. The photon remains permanently in the same space-time location
in which it originates, but space-time itself progresses, carrying the
photon with it, and the photon is therefore able to act on any objects
which are not carried along by the progression and which are there-
fore encountered en route. For an explanation of the nature of these
objects, let us now return to the subject of rotation.

Once the photon has come into being, the previous obstacle to
the existence of rotational motion has been eliminated, since there
is now an “object” that can rotate, and our next step in the devel-
opment of the theoretical RS universe will be to examine the char-
acteristics of this rotation. First, let us bear in mind that the photon,
the object which we are going to rotate, is itself a motion, so that
when we rotate the photon what we are actually doing is generating
a compound motion. We cannot do this by simple addition, as a
total magnitude exceeding that of the progression would result in a
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directional reversal, and would give rise to vibration rather than
rotation. The photon can, however, rotate in the opposite scalar
direction or, strictly speaking, since rotation has no meaning from
a scalar standpoint, it can rotate in space or time in such a manner
that the corresponding space-time movement is in the scalar direction
opposite to that of the progression. Inasmuch as the space-time pro-
gression is linearly outward in space, this means that the scalar effect
of the rotational motion is linearly inward in space.

Another requirement is that the magnitude of the rotational
motion must be greater than that of the progression. One unit of
inward motion would simply cancel the one unit outward movement
of the progression and create the rotational equivalent of nothing
at all. Less than one unit is not possible, as fractional units do not
exist. Hence the magnitude of the rotational motion must be greater
than unity. We find, then, that when the photon acquires a rotation
it reverses its space-time direction and travels backward along the
line of the progression, moving inward from its own location toward
all other spatial locations.

Again we have no difficulty in identifying the corresponding
phenomena in the observed physical universe. The rotating photons,
with the exception of certain incomplete units that we will discuss
later, are atoms. Collectively the atoms constitute matter, and their
inward movement is gravitation.

As a rough analogy, we may visualize a moving belt, traveling
outward from a central location and carrying an assortment of cubes
and balls. The outward travel of the belt represents the progression
of space-time. The cubes are analogous to the photons of radiation.
Having no independent mobility of their own, they must necessarily
remain permanently at whatever location on the belt they occupy
initially, and they therefore move outward from their point of origin
at the full velocity of the belt. The balls, however, can be caused
to rotate, and if the rotation is in the direction opposite to the travel
of the belt and the rotational velocity is high enough, the balls will
move inward instead of outward. These balls represent the atoms
of matter, and the inward motion opposite to the direction of travel
of the belt is analogous to gravitation.

The analogy is, of course, incomplete. It cannot portray a strictly
scalar motion, and consequently the mechanism whereby the rotation
of the balls causes them to move inward translationally is not the
same as that which causes the inward motion in the actual atomic
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situation. The analogy is also unable to demonstrate movement in
all directions. Nevertheless, it does show quite clearly that under
appropriate conditions a rotational motion can cause a translational
displacement, and it also gives us a rough picture of the general rela-
tions between the space-time progression, gravitation, and the travel
of the photons of radiation.

Unlike the space-time progression, which originates everywhere,
and therefore remains constant irrespective of location, the gravita-
tional motion originates at the location which the atom happens to
occupy. Since the atom is moving in opposition to the space-time
progression it is continually passing from one space-time unit to
another. The spatial direction corresponding to this scalar inward
motion is indeterminate, and inasmuch as this direction is continually
being redetermined because of entry into another unit of space-time,
the effect of the probability laws is to distribute the motion equally
over all directions. The fraction of the total motion directed toward
any area A at distance d is then determined by the ratio of this area
to the total surface area of a sphere of radius d. This ratio is inversely
proportional to d?, hence the gravitational motion decreases with
distance in accordance with the familiar inverse square law.

As the foregoing discussion indicates, gravitation is a movement
of the atom inward toward all space-time locations other than the
one which it occupies (momentarily). Thus it is inherently a motion
of the individual atom or material aggregate relative to the general
space-time framework. However, the only way in which we can rec-
ognize such a motion is by reference to some observable aggregate
of matter, and since that aggregate also has a similar gravitational
motion inward in space-time, what we actually observe is that the
two material aggregates are moving inward toward each other. Quite
naturally this has been interpreted as indicating that the two masses
are exerting forces of attraction upon each other, and the great prob-
lem of gravitation has been to account for the observed character-
istics of these ‘“forces,” which are most extraordinary and totally
unlike those of forces encountered elsewhere in the physical realm.
How can it be possible for one mass to exert a force upon another
distant mass instantaneously, without an intervening medium, and
in such a manner that the force cannot be screened off or modified
in any way?

The total inability of modern science to make any headway toward
an answer to this question has been so discouraging to the scientific



90 NEW LIGHT ON SPACE AND TIME

profession that it no longer tries to find the answer. The current
practice is to ignore the observations and to base gravitational theory
on assumptions which are in direct contradiction to the observed
facts. Even though all practical gravitational calculations, including
those at astronomical distances, are carried out on the basis of instan-
taneous action, without introducing any inconsistencies, and even
though the concept of a force which is wholly dependent upon posi-
tion in space being propagated through space is self-contradictory,
the theorists take the stand that since they are unable to devise a
theory to account for instantaneous action, the gravitational force
must be propagated at a finite velocity, all evidence to the contrary
notwithstanding. And even though there is not the slightest inde-
pendent evidence of the existence of any medium in space, or the
existence of any medium-like properties of space, the theorists also
insist that since they are unable to devise a theory without a medium
or something that has the properties of a medium, such an entity
must exist, in spite of the negative evidence.

As usually happens when men are driven, in the depths of their
frustration, to the desperate step of denying the facts, all this has
accomplished nothing. Gravitation is still an “enigma” or a “mystery”
to the present-day scientist, and there is no indication that it is becom-
ing any less enigmatic or less mysterious. Nor is any blue sky visible
on the far horizon. Sir John Cockcroft summarizes the current (1964)
outlook as follows: “It will probably be a long time before we can
bring the gravitational forces within a general theory, since there
is at present no progress in this direction.”?®

The answer which the Reciprocal System now provides for this
difficult gravitational problem is Outstanding Achievement Number
Three. The explanation in the preceding paragraphs not only tells
us how gravitation originates and why it is an inherent property of
matter, but also accounts for all of the seemingly strange properties
of gravitation in the exact form in which they are observed. And
here again a surprising innovation emerges. The new system does not
explain how one mass can exert a force on another distant mass
instantaneously and without an intervening medium; it tells us that
the reason for all of these peculiar properties is that gravitation is
not an action of one mass upon another at all. Fach mass unit is
pursuing its own individual course entirely independent of all other
masses, and the phenomenon that appears to be a mutual attraction
is actually the result of the inherent nature of the individual motions.
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The gravitational motion of each mass is an inward scalar motion
in opposition to the space-time progression, and it carries the mass
inward in space-time. Since all other masses are similarly moving
inward in space-time, each mass moves toward all other masses. Such
a motion needs no medium, nor does it require a finite time for
propagation; the inward motion is an inherent property of the atoms
and there is no propagation.

We must now qualify the previous statement that the magnitude
of the rotational motion of the atom is greater than that of the
space-time progression by noting that this statement applies spe-
cifically to the situation at unit distance. Within this distance the
net inward motion (or equivalent) becomes still greater because of
the effect of the inverse square relation, outside this distance the
net inward motion decreases for the same reason, and at some point
in this outer region an equilibrium between the inward gravitational
motion and the outward motion of the space-time progression is
reached. Beyond this point the net movement is outward, the out-
ward excess increasing as the distance becomes greater. Where an
aggregate of matter is involved rather than a single atom, the gravi-
tational motion is proportional to the mass, for reasons that will
be explained in Chapter XII, and the point of equilibrium, the
gravitational limit, as we will call it, is therefore a function of the
mass.

We could include the distance factor in the analogy of the moving
belt by devising some means of varying the speed of rotation of the
balls with the distance from the central point. Under this arrange-
ment the closer balls would still move inward, but at some point
farther out there would be an equilibrium, and beyond this point
the balls would move outward.

The reason for the great difference between the view that we
get of time and the view that we get of space in our everyday expe-
rience is now evident. The progression of time is unchecked in our
local environment and this progression so far overshadows any other
change in time location that it is the only aspect of time which we
observe. Space actually progresses outward at the same rate as time,
but the outward motion which the space progression imparts to
objects existing in this local environment is more than counterbal-
anced by the inward movement due to gravitation, and the net
result is that what we seem to see is a stationary space in which
most physical objects, aside from the photons of radiation, have rela-
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tively low velocities of a random character. Gravitation is thus the
controlling factor in our view of the universe. In the local region
where it overpowers the progression, we get a picture of a relatively
stable environment; at great distances where the gravitational motion
is small and the progression is dominant we get an entirely different
picture: one in which all objects are moving apart at enormous
speeds.

In view of the important role which the galactic recession plays
in cosmology, we are justified in characterizing the explanation of
this recession that is provided by the new system as Outstanding
Achievement Number Four. However, the existence of a gravitational
limit, within which there is a net inward gravitational motion and
outside of which there is a net outward progression, explains a great
deal more than the recession of the distant galaxies. For one thing,
it reconciles the seemingly uniform distribution of matter in the
universe with Newton’s Law of Gravitation and Euclidean geometry.
One of the strong arguments that has been advanced against the
existence of a gravitational force of the inverse square type operating
in a Euclidean universe is that on such a basis “The stellar universe
ought to be a finite island in the infinite ocean of space,”®° as Einstein
puts it. Observations indicate that there is no such concentration.
As far as we can tell, the galaxies are distributed uniformly or nearly
uniformly throughout the immense region now accessible to observa-
tion, and this is currently taken as a definite indication that the
geometry of the universe is non-Euclidean.

It is now clear that the flaw in this argument is that it rests on
the assumption that gravitation is effective throughout space. This
present work shows that this assumption is incorrect, and that there
is a net gravitational force only within the gravitational limit of the
particular mass under consideration. On this basis it is only the matter
within the gravitational limit that should agglomerate into a single
unit, and this is exactly what occurs. Each galaxy is a “finite island
in the ocean of space” within its gravitational limit. The existing
situation is thus entirely consistent with Newtonian gravitation oper-
ating in a Euclidean universe, which is the situation envisioned by
the Reciprocal System.

The existence of the gravitational limit also solves the problem
of how the galaxies could form in the first place, a question which
the cosmologists have been unable to answer. As Gold and Hoyle
describe the situation: “Attempts to explain both the expansion of
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the universe and the condensation of galaxies must be very largely
contradictory so long as gravitation is the only force field under
consideration. For if the expansive kinetic energy of matter is ade-
quate to give universal expansion against the gravitational field it
is adequate to prevent local condensation under gravity, and vice
versa.”st In the RS universe gravitation is not the only force involved,
and the existence of an equilibrium point within which the motion
of matter is inward and beyond which it is outward accounts in an
easy and natural way for both the aggregation of matter into galaxies
and the recession of the distant galaxies.

The answer to the dilemma described by Gold and Hoyle could
well be considered another of the outstanding achievements of the
new system, but the limitations which have had to be imposed on
the scope of this volume will prevent going into sufficient detail
to clarify the nature of the process of galaxy formation, as it occurs
in the RS universe, and this subject will therefore be omitted from
the list. It should be understood in this connection that this list is
not intended as a complete catalog of the major achievements of the
Reciprocal System; it is merely a selection of the most significant
items from among those included in the subject matter of this
particular volume.

A full development of the other consequences of the existence
of gravitational limits is also beyond the scope of this present volume,
but it should be mentioned that these limits apply to all aggregates
of matter and not only to the galaxies. Inasmuch as the smaller aggre-
gates are under the gravitational control of the larger units such
as the galaxies, the effect of the gravitational limits is somewhat modi-
fied in application to the smaller masses, but nevertheless, the exist-
ence of these limits has many significant results, some of which have
been explored in previous publications.



CHAPTER VII

Compound Motion

The process whereby the compound unit of motion that we call
an atom is produced by applying a rotational motion to a previously
existing vibrational motion, the photon, is typical of the manner
in which the complex phenomena of the universe are built up from
simple foundations. We start with the motion of the progression: a
uniform linear, or translational, motion at unit velocity. Then by
introducing a displacement and thus altering the space-time ratio
we create a vibrational motion. Next the vibrating unit is caused
to rotate. The addition of this motion of a different type alters the
behavior of the unit—gives it different properties, as we say in the
vernacular of science—and puts it into a new physical category.

1+ 3+

Ly Radiation lR Elements
H,F.

Pniform __ |
Motion
1- <
LV Radiation
L.F.
CHART A

All of the more complex physical entities with which we will
deal in the subsequent pages are similarly built up by compounding
the simpler motions previously existing. In order to facilitate follow-
ing the explanation of this process as it will be presented item by
item in the discussion, Chart A has been prepared to show the devel-
opment that has taken place thus far, and more extended versions
of the same chart, showing the successive additions to the original
combinations, will be introduced at appropriate points in the pages
that follow.

The factor which makes the great proliferation of these physical
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entities possible in spite of the fact that only one component—
motion—is available for their construction, is the wide variety of
forms in which this motion can exist, because of the directional
freedom introduced by the three-dimensionality of space and time.
First, there is a distinction between two general geometrical types
of motion: (1) rotational (R) and (2) linear or translational (L).
Then in addition to unidirectional motion of these two types, which
we will designate by the symbols as shown, there may also exist vibra-
tional motion of either type; that is, motion which is otherwise
similar but which reverses direction periodically. For these we will
use the symbols RV and LV. Furthermore, some of these motions can
exist coincidentally in more than one dimension. Thus we may have
a unit rotating in only one dimension (R!), another similar unit
rotating in two dimensions (R?), and still another rotating in three
dimensions (R?). Finally, there is a substantial difference in behavior
(properties) between velocities which are above unity (multiple
units of space associated with single units of time) and those which
are below unity (multiple units of time associated with single units
of space).

The matter of terminology presents some problems here. We will
apply the term positive (+) to high velocity vibration (high fre-
quency radiation) and the term negative (—) to low velocity vibration
(low frequency radiation). The direct rotational additions to the
photons of radiation must have the opposite space-time direction, as
previously noted, and there are some cogent arguments in favor of
recognizing this reversal in the terms that are applied, but in order
to avoid confusion it seems advisable to follow established precedents,
and the rotational additions to the positive vibration will therefore
be designated as positive in this work. Thus a material atom consists
of R3+ superimposed on LV1+. On the basis of this usage, the term
“positive” is identified with the normal sequence of additions in the
material system, rather than with a specific space-time direction.

The concept of physical entities as compound motions is one of
the greatest contributions which the Reciprocal System makes toward
the clarification of the physical picture, and it is one which is par-
ticularly significant because the existing situation in the atomic and
“elementary particle” fields is nothing short of chaotic. Present opinion
is that the atom is a composite of smaller units. This idea originates
primarily from the observation that, under appropriate conditions,
atoms disintegrate, and in the process smaller particles make their
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appearance. Although it is now generally admitted that the particles
which emanate from the disintegrating atom do not have the prop-
erties which atomic constituents, if there are any such, must neces-
sarily possess, the observed disintegration is nevertheless accepted, in
current scientific thought, as proof that the atom is composed of
“elementary particles.” As pointed out in The Case Against the Nu-
clear Atom, what we have here is the strange contention that the
emergence of certain particles from the disintegrating atom is proof
that the atom is composed of certain other particles.

Furthermore, no clue has ever been discovered as to the nature
and origin of the force that holds the “parts” of the atom together,
if any such parts exist, even though an enormous amount of time and
effort has been devoted to searching for some kind of an explanation,
“probably more man-hours than have been given to any other scien-
tific question in the history of mankind,”®? we are told. The only
recourse thus far has been to fall back on an ad hoc postulate that
a ‘“nuclear force” exists for this specific purpose and nothing else.
This is identical, except in the method of its expression, to the solu-
tion which our primitive ancestors found for the difficult problems
with which they were faced. The purely hypothetical “nuclear force”
invented to hold the “parts” of the atom together for the baffled
physicist is exactly the same kind of a thing as the “demon” that
would have been invented for the same purpose in an earlier era,
had the question arisen then.

In principle, modern science scorns the appeal to the supernat-
ural by which primitive man tried to explain the unknown, but a
purely hypothetical force invented ad hoc and totally lacking in any
independent evidence of its existence is no less supernatural than
any spirit or demon. It is simply a demon by another name. “There
is a strong hint,” says Fred Hoyle, “that what modern man has tried
to do with the universe is no better than what primitive man did
with problems whose nature we now find simple.”s3

If it could legitimately be claimed that the situation is improving
and that science is definitely moving closer to a logical explanation
of the atomic and sub-atomic relationships, there might be some
justification for believing that current theory is on the right track,
in spite of its many defects and inconsistencies, but experimental
progress has dealt a whole series of body blows to current ideas in
recent years. One very embarrassing development is the ever-increasing
number of “elementary” particles, which has now reached the stage
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where, as Henry Margenau expresses it, the word “‘elementary” has
become the equivalent of “perplexing,” ‘“‘enigmatic,” etc.®* This, in
itself, is a clear indication that the true role of the particles of
modern physics is something other than that of “parts” of atoms.

However, the most devastating discovery of recent years is that
there are no permanent ‘building blocks” of the kind that current
theory visualizes as the ultimate constituents of the atoms of matter.
The prevailing atomic and particle theories were developed on the
assumption that the universe is constructed of a number—just how
large a number has always been quite indefinite—of these permanent
and distinctive “building blocks,” basic entities of one kind or an-
other, and that the manifold aspects in which natural phenomena
occur are simply the result of combining these basic entities in dif-
ferent proportions and in different forms of construction. Experience
with the high energies now available to the experimenters has dis-
closed, however, that nothing is permanent. These presumably dis-
tinctive “building blocks” are breaking down, recombining, and
exchanging identities in a manner that, as Robert Marshak admits,
is “extremely disconcerting’s’ to the present-day physicist. It is by
this time firmly established that all of the basic physical entities—
atoms, particles, radiation, translatory motion, electric and magnetic
charges, etc.—are interchangeable. It may not always be possible to
convert entity A into entity B directly, but the indications are that
such a conversion can be accomplished by means of an indirect, if
not a direct, process.

The present situation, then, is that the atom can be subdivided,
but none of the products of that subdivision, nor any other known
particle, has the characteristics which would qualify it to be a con-
stituent of the intact atom, unless with the help of a “demon.” It
is also clear, on the basis of the information now available, that there
is some common denominator underlying not only atoms and particles,
but radiation and even translatory motion as well, and it is equally
clear that none of the observed particles can qualify as this common
denominator. The place of these particles in the physical picture is
thus a complete mystery so far as present-day physics is concerned.

An even greater mystery is why the complete collapse of the
“building block” theory of the function of the sub-atomic particles
under the impact of modern experimental discoveries is not more
generally recognized. Even the great tenacity with which the human
mind holds to cherished ideas of long standing is hardly sufficient to
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explain retention of the current concepts and theories of atomic and
particle physics in the face of the overwhelming evidence that these
ideas are completely in error in almost every detail. The faith which
the physicists still place in these battered and threadbare concepts
is all the more remarkable since it is freely conceded that “drastic”
changes will be required in the “fundamental ideas” of current theory,
which, after all, is just another way of saying that the existing situa-
tion is hopeless and that we must have a new structure of theory.
Consider these statements, for example:

From Sir George Thomson—
There is some new idea wanted to make these new pieces
fall into place in the puzzle. . . . When the idea comes it
may very probably involve a recasting of fundamental ideas
and the abandonment of something that we now take com-
pletely for granted.s®

From Freeman J. Dyson—
For the last ten years it has been clear to most physicists
that a basic conceptual innovation will be needed in order
to come to grips with the properties of elementary particles.!4

From P. A. M. Dirac—
There (in dealing with the new particles) the theory is still
in a primitive stage. It is fairly certain that there will have
to be drastic changes in our fundamental ideas before these
problems can be solved.*

From Norbert Weiner—
There is a general feeling that the multiplicity of funda-
mental particles in physics is intolerable and is bound to
be replaced in the near future by a much more unified
physics in which both quantum theory and relativity are to
be recast.??

From the standpoint of the present discussion, the most significant
feature of these statements is the unanimous recognition of the fact
that the situation is so serious that heroic measures are required;
that “fundamental” and ‘“basic” ideas must be changed. Modern
“particle” theory is bankrupt. It is no wonder, then, that the process
of extrapolation, which is a far more reliable method of deriving
the basic hypotheses needed for the construction of a theory than
anything that was used in the development of the previously existing
ideas that are now in such a sorry state, leads us to a totally new
concept of the structure of the atom and an equally novel concept
of the nature of the sub-atomic particles. We could not logically ex-
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pect anything else, in view of the situation portrayed in the foregoing
quotations. How else could we get a “recasting of fundamental ideas,”
a “drastic change,” or a “basic conceptual innovation?” The complete
lack of resemblance between the new theory and the old should
occasion no surprise; all of the indicators clearly pointed in this
direction long in advance.

Nor should it be in any way surprising, in view of the inherently
strong probability that the extrapolated conclusions are correct, when
the new theory overcomes, in an easy and natural way, all of the
obstacles that loomed so large to its predecessors. Here is Outstanding
Achievement Number Five. No longer is it necessary to invoke the
aid of spirits or demons—or their modern equivalents: mysterious
hypothetical “forces” of a purely ad hoc nature—to explain how the
parts of the atom hold together. There is nothing to explain because
the atom has no separate parts. It is one integral unit, and the
special and distinctive characteristics of each kind of atom are not
due to the way in which separate “parts” are put together, but are
due to the nature and magnitude of the several distinct motions of
which each atom is composed.

At the same time, this explanation of the structure of the atom
tells us why such a unit can expel particles or disintegrate into smaller
units even though it has no separate parts; how it can act, in some
respects, as if it were an aggregate of sub-atomic units even though
it is actually a single integral entity. Such a structure can obviously
part with some of its motion or absorb additional units of motion
without in any way altering the fact that it is a single entity, not
a collection of parts. When the pitcher throws a curve ball, it is
still a single unit—it is a baseball—even though it now has both a
translational motion and a rotational motion which it did not have
while still in his hand. We do not have to worry about what kind
of a “force” holds the rotational ‘“part,” the translational “part”
and the horsehide covered “nucleus” together.

There has been a general impression that if we can get particles
out of an atom, then there must be particles in atoms; that is, the
atom must be constructed of sub-atomic particles. This conclusion
seems so natural and logical that it has survived what would ordi-
narily be a fatal blow: the discovery, as previously mentioned, that
the particles which emanate from the atom in the process of radio-
active disintegration do not have the properties which are required
in order that they may be constituents of the atom. Three kinds of
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particles are ejected from the disintegrating atom. The gamma par-
ticles are photons, units of radiation, which have never been visual-
ized as possible atomic constituents. The alpha particles are charged
helium atoms, and it is generally conceded that they are not suitable
elementary “building blocks.” The beta particles are electrons. While
current theory looks upon the electron as one of the atomic constit-
uents, the present viewpoint is that the electrons emitted in radio-
activity were not present as such in the preexisting atom but were
created in the act of emission. Furthermore, the properties which an
electron must have in order to be a constituent of an atom are
totally unlike the properties of the electron that is actually observed.
The whole concept of an atom constructed of “parts” thus bogs
down in confusion.

It is now apparent that all of this confusion has resulted from
the wholly gratuitous, but hitherto unquestioned, assumption that
the sub-atomic particles have the characteristics of “parts”; that is,
they exist as particles in the structure of the atom, they require some-
thing in the nature of a “force” to keep them in position, and so on.
When we substitute motions for parts, in accordance with the conclu-
sions of the Reciprocal System, the entire situation automatically
clears up. Atoms are compound motions, sub-atomic particles are
less complex motions of the same general nature, and photons are
simple motions. An atom, even though it is a single unitary structure
without separate parts, can eject some of its motion or transfer it
to some other structure. If the motion which separates from the atom
is translational, it reappears as translational motion of some other
unit; if it is linear vibration, it reappears as radiation; if it is a
rotational motion of less than atomic complexity, it reappears as
a sub-atomic particle; if it is a complex rotational motion it reap-
pears as a smaller atom. In any of these cases, the status of the
original atom changes according to the nature and magnitude of the
motion that is lost.

The explanation of the observed interchangeability of the various
physical entities is now obvious. All of these entities are forms of
motion or combinations of different forms, hence any of them can
be changed into some other form or combination of forms by appro-
priate means. Motion is the common denominator of the physical
universe.

In the past there has been considerable speculation about the
possibility that energy might have such a status; that all physical
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entities might in some way be merely different forms of energy. In
a sense this is true, as wherever there is motion there is energy. But
energy is a scalar quantity, and it does not have the capability of
being subdivided into the multiplicity of distinct categories that are
required in order to account for the great variety of physical phe-
nomena. It is true that there are subdivisions such as kinetic energy,
electrical energy, etc., but these are merely auxiliary classifications;
they play no part in the measurement of energy. An erg is an erg,
whether it is a kinetic erg or an electrical erg. Motion, on the other
hand, is vectorial, and all of the infinite variety resulting from its
three-dimensionality is reflected both in the qualitative and the quan-
titative relations. A unit of vibrational motion is not fully equivalent
to a unit of rotational motion. But it can be converted to a unit of
rotational motion by appropriate processes.

The reasons for the existence of certain limitations on the trans-
formations of this kind are practically self-evident. A structure re-
quiring a total of n units of motion cannot be formed from a single
unit containing less than n units, a rotating unit cannot be formed
from purely translational units unless the equivalent of a mechanical
couple is available, a very complex structure cannot be formed by
a single process, and so on. But any physical structure can be broken
down into simple units of motion, and under suitable conditions,
any possible structure can be built up from simple units of motion,
as all physical structures are constructed entirely of the one entity:
motion.

As indicated in the foregoing discussion, the observed sub-atomic
particles—neutrons, electrons, etc.—are not parts from which atoms
are constructed; they are complex motions of the same general char-
acter as the atoms, but with a lower degree of complexity. The term
“sub-atomic particle” is still quite appropriate in this new context
and it will be retained in this work, but the term “elementary par-
ticle” must be discarded. There are no “elementary” particles in
the sense of basic units from which other structures are constructed.
The particle is smaller and less complex than the atom, but it is
by no means elementary; the elementary unit is the unit of motion.

The place which the sub-atomic particles occupy in the hier-
archy of motions can easily be identified by a further consideration
of Chart A. As that chart indicates, the atom is a structure with a
three-dimensional rotation; that is, rotation is taking place around
all three of the mutually perpendicular axes. But it is not essential
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that rotation be three-dimensional. It can equally well be two-dimen-
sional or one-dimensional. In fact, one-dimensional rotation is more
familiar in our everyday world than any other. Chart A therefore
needs to be modified to provide a place for rotation in less than
three dimensions. Chart B shows how the system looks after this
addition.

Each added dimension of rotation alters the behavior of the
rotating units—changes their properties—and the three groups of
rotating particles are therefore easily distinguished physically. The
most striking difference is that between the three-dimensional unit,
the atom, and the sub-atomic units. A full consideration of the effect
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of the various types of rotation on the properties of the rotating
units is beyond the scope of this volume, but it is evident from the
points brought out in Chapter VI that one unit cannot enter into
a permanent relation with another unit unless the rotational forces
are effective in all three dimensions. The sub-atomic particles there-
fore have more of a temporary and evanescent character than the
atoms. The differences between the two-dimensional and one-dimen-
sional units are less obvious, but can be identified on closer study.

In the detailed development of the characteristics of the atomic
and sub-atomic rotations of the material type carried out in an
earlier publication it was shown that there are 117 possible three-
dimensional rotational combinations, three two-dimensional units,
and two one-dimensional units. The one-dimensional units are the
electron and the positron. The two-dimensional units are the neutron,
the neutrino, and a particle which has not yet been identified because
it closely resembles the hydrogen atom and probably changes spon-
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taneously to the hydrogen status. The 117 three-dimensional units
are, of course, the known chemical elements plus a few additional
elements beyond the end of the list of those thus far identified,
elements that are unstable in the local environment.

Anyone who examines Chart B carefully will no doubt observe
that there is a wide open space in this chart which clearly calls for
another set of rotating units based on low frequency (negative)
radiation rather than on the high frequency (positive) radiation
which is the foundation for the rotational combinations that have
been enumerated in the preceding paragraph. Such negative units
actually do exist, and in due course the chart will have to be ex-
panded accordingly. However, the rotation of these negative photons
is also negative, in accordance with the principle previously stated,
and this negative rotation, opposite in space-time direction from
the rotation of the material atoms and sub-atomic particles that we
have been discussing, gives these units some special properties in the
local environment, and it will therefore be advisable to postpone
discussion of these units until after we have laid a foundation for
an understanding of these unusual properties.

There are two points about the subject matter of this chapter,
the development that is portrayed graphically in Chart B, that de-
serve some special attention before we pass on to something different.
First, it should be noted that this development goes a long way
toward proving the validity of the two Fundamental Postulates of
the Reciprocal System. As the preceding discussion shows, the status
of the primary physical entities—atoms of matter, photons of radia-
tion, sub-atomic particles, etc.—as compound motions is a direct
consequence of the postulates, and this new concept of the nature
of these entities turns out to be extremely successful, explaining in
an easy and natural way all of the behavior characteristics that have
given previous theories so much difficulty. Furthermore, the specific
kinds of physical units that must necessarily exist if space and time
actually have the properties that have been postulated are just the
kinds of units that are observed in the physical universe. This cannot
be a mere coincidence. It is obviously highly improbable that the
existence of exactly the kinds of units that the postulates call for,
with exactly the type of behavior that the postulates require could
be a matter of pure chance, and even at this early stage of the devel-
opment, therefore, the odds in favor of the validity of the new theo-
retical system, already high to begin with, because of the strong



104 NEW LIGHT ON SPACE AND TIME

inherent probability that conclusions reached by extrapolation from
the known to the unknown are valid, have been greatly increased.

The second point worthy of comment is that all of the Outstanding
Achievements and other accomplishments of the Reciprocal System
that have been discussed thus far—the explanations for the existence
of radiation, of matter, of sub-atomic particles, and of gravitation,
the elimination of any need for an ad hoc demon or force to hold
the atoms together, the new light which these explanations throw
on such subjects as the recession of the distant galaxies, the formation
of galaxies, the physical nature of the so-called “elementary” par-
ticles, the interchangeability of the various physical entities, etc.—
have been entirely non-mathematical, and the results are such that
they could not have been achieved by any kind of mathematical
manipulation, however sophisticated and powerful the mathematical
procedures might be. What was needed was a conceptual clarification:
a correction of errors in the basic concepts previously utilized. There
is “magic” in words, after all.



CHAPTER VIII

Motion in Time

In terms of present-day thinking, motion is regarded as a process
taking place in space: a change in the spatial relation between ob-
jects. But if space and time are symmetrical, as the reciprocal postu-
late requires, then it is equally possible for the temporal relations
between objects to undergo similar changes, and this process of
temporal change constitutes motion in time.

The factors involved in the concepts of location in space and
location in time have been examined in detail in previous publica-
tions, but since they are essential to an understanding of motion in
time, we will review them briefly here. Let us first consider a distant
galaxy which at time t, occupies location A in space, and is therefore
receding from our Milky Way galaxy M, in the direction MA. During
an interval t, the recession carries the galaxy outward in this direc-
tion to a new location B. But we know from observation of the
nearer galaxies that these units also have random motions of their
own, so that during time t the galaxy under consideration will have
moved an additional distance to some location C which will not,
unless by pure chance, lie on a prolongation of the line MAB. The
actual displacement of the galaxy during time t is therefore the vector
resultant of the distance AB and the distance BC.

We have already identified the recession of the galaxies as a
manifestation of the progression of space, hence in view of the sym-
metry between space and time, we may deduce that exactly the same
kind of a situation exists in time. While time is progressing from
time location a to time location b, carrying a galaxy—our Milky Way
galaxy, let us say—with it, the random motion of the galaxy in time
takes it to some other time location ¢, and the total time displace-
ment of the galaxy during this interval is not the time of the pro-
gression alone, but the vector resultant of this time ab and the
random time displacement bc.

105
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The progression of time which carries our galaxy from time
location a to time location b is the quantity which we measure by
means of a clock, and it is commonly called clock time. Since the
progression of space that carries the distant galaxy from location A
to location B is the space equivalent of clock time we may utilize
the same terminology and call it clock space. The random motion
of the distant galaxy from location B to location C takes place in
the ordinary three-dimensional space of our everyday experience,
and inasmuch as we usually represent this by some sort of a coor-
dinate system, we may call it coordinate space. The displacement
of our galaxy from time location b to time location c is the time
equivalent of the space displacement BC, and it takes place in three-
dimensional time. Again we may use the same terminology that we
apply to space and refer to this as coordinate time.

Because the gravitational motion cancels the motion of the space-
time progression in our local environment we do not detect the
recession of our own galaxy and the only space that we recognize
locally is coordinate space. When we observe, for instance, that our
near neighbor among the stars, Alpha Centauri, is moving away
from us with a radial velocity of approximately 20 km/sec, this is
a motion in coordinate space, the same kind of a motion that we
observe in our everyday life. When we also observe that a galaxy
in Ursa Major is moving away from us with a radial velocity of
15000 km/sec, it would appear on first consideration that this is
exactly the same thing, aside from the substantial difference in the
speed. But in reality there is a very significant difference between the
two motions. The motion of Alpha Centauri that takes it away from
us carries it toward any star located still farther away in this outward
direction. Unless one is familiar with recent astronomical discoveries,
he is quite likely to take the stand that this must necessarily be true.
The fact is, however, that it is not true in the case of the motion
of the distant galaxies. When the Ursa Major galaxy moves away
from us, it is also moving away from all other galaxies, including
those located diametrically opposite from us.

Obviously these are motions of a totally different nature. The
explanation is that the galactic recession is not a motion in coor-
dinate space, the kind of a motion with which we are familiar. Aside
from a relatively slow motion of a random character, comparable
to the motions which we observe in the galaxies of our local system,
the Ursa Major galaxy remains stationary in coordinate space but it
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moves outward in clock space. Our own Milky Way galaxy is doing
exactly the same thing but, of course, we do not recognize our own
outward motion from direct observation. Because of the reciprocal
relation between space and time the galaxies which move outward
in clock space are moving inward in clock time, but here again the
motion is outside the range of existing observational facilities.

In the local environment, where the gravitational motion exceeds
that of the progression, the directions of motion are just the reverse.
While the atoms of matter are moving inward in space under the
influence of gravitational forces and thus gathering into aggregates
that are localized in space, they are coincidentally moving outward
in time in random directions. Hence the material aggregates are
not localized in time; that is, the atoms of a star, for example, are
clustered together in a stable configuration in a relatively small
amount of space, but they are widely dispersed in time with no
stable relationships between units. In our observation of time, there-
fore, we have no landmarks by which we can recognize positions in
coordinate time, and the existence of this kind of time therefore
remained undetected until it was discovered theoretically in this
present investigation. The temporal relations between atoms occupy-
ing widely separated locations in time are comparable to the spatial
relations between distant galaxies, and the aspect of time that is
recognizable in our local environment is the clock time.

But even though the local situation is such that we normally
recognize only clock time and coordinate space, clock space and
coordinate time have some very significant effects under what we
consider extreme conditions. At extreme distances the space pro-
gression, the motion in clock space, manifests itself as the recession
of the galaxies. At extreme velocities the motion in coordinate time
manifests itself by the deviations from Newton’s Laws of Motion
that were revealed by the Michelson-Morley experiment. Under con-
ditions of extremely small space or time separations there is a replace-
ment of motion in space by motion in time and vice versa which has
some important effects that will be discussed later in this chapter.

The expression “motion in time,” as it will be used in this work,
refers to motion in coordinate time: a change of location in three
dimensional time analogous in all respects to the change of location
in three-dimensional coordinate space which constitutes motion in
space. The total time corresponding to any specific clock time is the
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vector resultant of this coordinate time and the corresponding clock
time.

The quantitative measure of motion in space is velocity, and the
mathematical definition of velocity is v=s/t. Here the term s is a
vector quantity representing the displacement in space. The term
t is scalar, since time has no direction in space, and the term v is
then a vector quantity representing the space displacement per unit
of time. The analogous quantitative expression for motion in time
is A=t/s. Here the term t is a vector quantity representing the
displacement in time. The term s is scalar, since space has no direc-
tion in time. The term A is then a vector quantity representing the
time displacement per unit of space, this being the time-oriented
quantity corresponding to velocity in space-oriented phenomena.

From the foregoing, the reason for the scalar nature of the space-
time progression, which is motion in both space and time, is evident.
Since time has no direction in space and is therefore a scalar quan-
tity so far as motion in space is concerned, and for similar reasons,
space is a scalar quantity so far as motion in time is concerned, it
follows that motion in both space and time cannot have a direction
in either space or time. Hence motion in space-time is scalar.

We may summarize the conclusions with respect to the directional
characteristics of the various kinds of motion as follows:

In the equations of motion in space, time is scalar.

In the equations of motion in time, space is scalar.

In the equations of motion in space-time, both space and time are
scalar.

Some readers of the previous volumes of this series have found it
difficult to accept the idea that time can be three-dimensional because
this makes any time interval a vector quantity and presumably leads
to situations in which we are called upon to divide one vector quan-
tity by another. As indicated in the foregoing discussion, however,
such situations are non-existent. If we are dealing with spatial rela-
tions, time is scalar because time has no direction in space. If we
are dealing with temporal relations, space is scalar because space has
no direction in time. Either space or time can be vectorial, but there
is no physical situation in which both are vectorial.

Since the property which we are calling “direction in time” is
something quite distinct from “direction” as we ordinarily use the
term in the sense of “direction in space,” there might be some good
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arguments in favor of coining a new name and not using the word
“direction” for this purpose. This would do doubt contribute toward
clarifying such issues as the reason why time is always scalar in the
equations of space motion irrespective of the number of dimensions
which time itself may have. On the other hand, it should not be
difficult to get away from the habit of interpreting ‘‘direction” as
meaning “direction in space.” As a matter of fact, we already rec-
ognize that the spatial connotation that we give to the word “direc-
tion” is in many cases fictitious. A scalar quantity is specifically
defined as one which has no direction, yet we habitually use the word
“direction” and directional terms of one kind or another in speaking
of scalar quantities, or even in connection with items which cannot
be expressed in physical terms at all. We speak of wages and prices
as moving in the same direction, temperature as going up or down,
a change in the direction of our thinking, and so on. Here we rec-
ognize, consciously or unconsciously, that in our definition of a scalar
quantity we are using the term “direction” in the sense of “direction
in space,” whereas when we are talking about the direction of price
change or something similar we are using the word ‘“direction”
without any spatial significance. It should not require any great
mental effort to apply the same viewpoint to temporal quantities
and to recognize that here also the term “direction” has no spatial
significance.

On the other side of the ledger, there are some very definite
advantages to be gained by utilizing the term “direction” in ref-
erence to time as well as in reference to space. Because of the sym-
metry of space and time, the property of time that corresponds to
the familiar property of space that we call “direction” has exactly
the same characteristics as the latter, and by using the term “direction
in time” as a name for this property we convey an immediate under-
standing of its nature and characteristics that would otherwise take
a great deal of discussion and explanation. All that is then necessary
is to keep in mind that although direction in time is like direction
in space, it is not direction in space.

This is a general situation that applies all through the space-time
relations. The impact of time on our consciousness is vague and
elusive, and it is therefore quite difficult to visualize any concrete
physical situations involving three-dimensional time. The most effec-
tive way of grasping the essentials of the participation of time in
such situations is to visualize the corresponding space phenomenon
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and then recognize that the time phenomenon is exactly the same
except that space and time are reversed. In order to do this easily
and efficiently it is necessary to utilize the same terms for the corre-
sponding space and time entities, and this policy has been followed
throughout the present series of publications.

As brought out in Chapter V, the developments of this work,
revolutionary as they may be in some of their aspects, have very
little effect on the physical processes and relations of everyday life.
The reason is now apparent. In our everyday experience we are
dealing with motion in space, and the laws and principles governing
motion in space are already firmly established. Any correct theo-
retical development must necessarily lead to these same laws and
principles. The discovery of the possibility of motion in time and
the formulation of the analogous laws and principles governing this
type of motion has no effect on any situation where all motion is
in space.

But physical science is now penetrating into regions where motion
in time plays an important, often controlling, part in physical phe-
nomena, and much of the difficulty that the present-day physicist is
encountering in his attempts to systematize knowledge in these regions
is due to his attempt to treat the phenomena in these regions by
means of the relations applicable to motion in space, while the motion
with which he is dealing is actually, in whole or in part, motion in
time.

The problem which Einstein faced in setting up his Special Theory
of Relativity is typical. In the light of the information that has been
developed in this work we may compare it to the problem that would
confront anyone who knew nothing of the concept of direction and
who attempted to devise a scalar equation to relate speed and velocity.
The latter would, of course, be nothing but another scalar quantity
to anyone who is unaware of the existence of direction, just as the
time entering into a high velocity was to Einstein no different from
the time entering into a low velocity, aside from the difference in
magnitude. Such an investigator would find it entirely possible to
devise an accurate mathematical relation that would apply to some
special speed-velocity situation, in the same way that the Lorentz
equations apply to uniform translational motion, but it is obvious
that there can be no general relation of a scalar character connecting
speed and velocity. If a “Special Theory” of the speed-velocity rela-
tion is devised for some special case, sinusoidal motion, let us say,
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and the success of the theory in this particular area leads its origi-
nators and supporters to believe that it can be extended to motion
in general, the outcome will inevitably be either that the attempts
are ultimately given up as hopeless, or that successive ad hoc modi-
fications of the original theory finally result in a “General Theory”
of the speed-velocity relation which is so vague and confused con-
ceptually and so complex mathematically that no one can pin it
down closely enough to reveal its true character.

A valid general solution of the hypothetical speed-velocity prob-
lem cannot be obtained until someone discovers the three-dimen-
sionality of space and introduces the concept of direction. Similarly
no general solution for Einstein’s problem was possible until this
present investigation discovered the three-dimensionality of time and
introduced the concept of motion in time. But in both cases the
answer is simple and obvious as soon as the necessary conceptual
foundation has been laid.

The position in which physics stands without the concept of
motion in time is summed up by Hesse as follows:

The fundamental logical proposition to which all such theories
must conform is that one cannot assert both that the velocity of
light is invariant for all possible reference frames, and that the
geometry of light rays is Euclidean.5

The general and uncritical acceptance of this so-called “logical
proposition” is the factor that has forced physical theory into the
uncomfortable and untenable position that it occupies today. The
truth is that this is not logical at all. It could be logical only if
coupled with a proviso that the existing concepts of the nature of
space, time, and motion must be maintained unchanged, and there
is clearly no physical justification for such a proviso. There has
never been any assurance that these concepts are physically valid;
on the contrary, they are pure assumptions, and the development
of the Reciprocal System has now demonstrated that they are erro-
neous assumptions. If they are replaced by concepts that are physically
valid, then it is possible to formulate a logical and self-consistent
alternative to the Special Theory which does just exactly what Hesse
claims is impossible; that is, it reconciles Euclidean geometry with
the constant velocity of light.

A brief summary of the detailed explanations of this situation
that have been published elsewhere can be given with the aid of
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the diagram, Fig. 1. Let us assume that a ray of light from a distant
source S passes from A to B and from A’ to B’ in two parallel sys-
tems. Then let us assume that the systems AB and A’B’ are in motion
in opposite directions as shown, and are in coincidence as the light
ray passes A and A’. Because of the motions of the respective systems,
point B will have moved to some point C closer to A by the time
the light reaches it, whereas B’ will have moved to some more distant
point C’. Yet if the results of the Michelson-Morley experiment are
to be believed, the velocity of the incoming ray at C is identical
with the velocity of the incoming ray at C'; that is, the velocity of
light is independent of the reference system.
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The interpretation that has been placed on the results of this
experiment by the physicists is that the time required for the light
ray to pass from A to C is the same as the time required to pass
from A’ to C’. From a common sense viewpoint this conclusion is
absurd, and the feeling of discomfort which most laymen, and many
scientists, experience on contact with Relativity theory is basically
due to the fact that Einstein made this contradiction of common
sense the cornerstone of his theory. With the benefit of the discussion
earlier in this chapter, it is now evident that the physicists’ interpre-
tation of the Michelson-Morley experiment is wrong, and that the
conflict with common sense was wholly unecessary. The time AC is
not the same as the time A’'C’. It is only the clock time that is the
same in both systems, and the clock time is only one component of
the total time.

In our observations of the distant galaxies we can ignore the
random motion of these objects—the motion in coordinate space—
because it is so small that its effect is negligible compared to the
effect of the motion of the recession—the motion in clock space. But
if this random motion were taking place at a velocity in the neigh-
borhood of that of light, the situation would be quite different. This
motion in coordinate space would then have a very appreciable
effect on the total displacement of the galaxy during any interval
of observation and we could no longer ignore it.
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Similarly, the change in temporal location—the displacement in
coordinate time—at the relatively low velocities of our ordinary expe-
rience is negligible in comparison with the time of the progression—
the clock time—and we can disregard it. But here again, this ceases
to be true at the velocity of light. At high velocities the coordinate
time has a finite magnitude, and the total time, the time that actually
enters into physical relations, is the vector sum of the clock time
and the coordinate time. The total time required for the light ray
to pass from A to C in the moving system is the clock time ab minus
the coordinate time cb, or ac, and the velocity is the space displace-
ment AC divided by the net total time ac. The total time for the
ray to pass from A’ to C’ is the sum of the clock time a’b’ and the
coordinate time b'c’, or a’c’, and the velocity is the space displace-
ment A'C’ divided by the total time a’c’. The velocity of light is
thus AB/ab for a system at rest, AC/ac in the system moving toward
the light source, and A’'C’/a’c’ in the system moving away from
the light source.

Inasmuch as one unit of time is equivalent to one unit of space,
according to the postulates of the Reciprocal System, this means
that the velocity of light is unity—one unit of space per unit of time
—in all three cases. And the theory further tells us that this velocity
cannot be other than unity under any circumstances, because a light
photon has no motion of its own. The photon stays permanently in
the same space-time unit in which it originates and is carried along
by the progression of space-time itself. The progression moves one
unit of space per unit of time simply because one unit of space is
one unit of time and the equivalence of unit space and unit time
is the progression. Even in passing through matter, where the meas-
ured light velocity is less than unity, the true velocity still remains
one unit of space per unit of time. The factors which cause the
measured velocities to diverge from unity under these conditions will
be considered in a subsequent chapter.

As can be seen from the foregoing explanation, the concept of
motion in time, which is one of the necessary consequences of the
postulates that were derived by extrapolating the observed properties
of space and time, solves Einstein’s problem, the problem posed by
the results of the Michelson-Morley experiment, in an easy and nat-
ural way without any distortion of established physical principles.
Notwithstanding Hesse’s statement that the constant velocity of light
is logically incompatible with Euclidean geometry, this solution of
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the problem, number six in our list of Outstanding Achievements,
is completely in harmony with both. In spite of the general belief
that the Michelson-Morley results cannot be explained without giv-
ing up the idea of absolute space and time, Einstein’s positive asser-
tion, on the same grounds, that “moving rods must change their
length, moving clocks must change their rhythm,”3® and all of the
chorus of similar statements throughout scientific literature, the find-
ings of the Reciprocal System are entirely consistent with both the
constant velocity of light and the existence of absolute magnitudes
of space and time.

Here again, as in so many other situations that have been dis-
cussed in the several volumes of this series, previous investigators
have simply failed to examine possible alternatives. It is true that
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