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Foreword

hese few words of introduction are primarily directed at

those readers who are not familiar either with Tom

Phipps’ singular style of scientific prose or, more impor-
tantly, with his rigorously applied view that, when theorizing
about the world around us, we must pay absolute attention to the
practicalities of the measurement processes by which the quanti-
ties involved in this theorizing are measured.

Let me talk about the Phippsian prose style first: the common
experience upon reading a scientific text is to be confronted by a
finished article—that is, by a text from which all sense of intellectual
journeying has been exorcised, cleansed, deleted. The experience
may be necessary but it is rarely exciting and never invigorat-
ing —it becomes merely a job that must be done, a dusty dry road
along which weary feet must be dragged. But Phipps refutes this
puritanical model; he is renaissance man—the man who glories in
the splendour of the written word and its capacity to illuminate
the obscure, and to decorate the plain. And so the experience of
reading Phippsian scientific prose is not unlike that of reading a
good detective novel —the dim detective, the obvious clues over-
looked, the false trail followed, the unsolved crime written up as
solved so that the bureaucrat can sleep his dreamless sleep and,
finally, Sherlock Holmes with his pipe and Dr. Watson ...

Now let me consider the (for me) perfectly commonsensical
view that the practicalities of the measurement process must play
an unambiguously prominent role in the theorizing process: As
an example of a theory where this was not done (with hugely
significant consequences), we need look no further than classical
Maxwell electrodynamics. In this case, the formalism absolutely
requires that the detectors used by (inertial) observers to measure
field quantities be at rest in the observer’s frame. Thus, if we have
two observers, each in his own inertial frame, then, since their in-
struments are physical objects and unable to occupy the same
place at the same time, it is absolutely impossible for these two
observers to make simultaneous measurements of the same field

Old Physics for New: a worldview alternative to Einstein’s relativity theory i
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point. In other words, certain choices made at the theorizing level
have rendered impossible a perfectly reasonable thing —that dis-
tinct observers can have direct knowledge of conditions occurring
at a particular place at a given time. Phipps’” answer to this co-
nundrum is simple: there is no reason on Earth why the detector
measuring field quantities should be fixed in the (inertial) ob-
server’s frame. After all, the source currents which generate the
field are not, so why should the test-particles (which comprise the
detectors) be? And since the detector need not be fixed in one ob-
server’s inertial frame, why should it be fixed in any inertial
frame? Following this logic, if we allow the detector to have free
motion, then the formalism of electrodynamics which follows
must somehow allow for the parameterization of the detector’s mo-
tion. A natural candidate for this formalism already exists in the
equations of Hertz’s electromagnetic theory (the known failure of
his theory was the fault not of his equations but of his physical in-
terpretation) and these are easily written down: just take Max-
well’s equations and replace all appearances of 0/ot by d/dt.
This replacement introduces a convective velocity which must be
interpreted, and Phipps’ solution is to use this convective velocity
to describe the motion of the free detector. A simple and elegant
idea, don’t you think? ... but now comes the crux: by this simple
process, which is driven by the idea that there is no reason on
God'’s Earth why an observer cannot use a freely moving detector,
the equations of electromagnetism become Galilean invariant;
thus, at a stroke, solving one of the great conundrums of 19% cen-
tury physics and, in removing the primary raison d’étre of Special
Relativity (SRT), putting a huge question mark over a large chunk
of 20t century theoretical physics.

Now Phipps is a realistic and honest man and each of these
traits has its consequence on the way his thinking proceeds. Real-
ism first: the story outlined above makes plain that SRT, and all
that has flowed from it, is an unfortunate accident of history for
some and an incredible stroke of good fortune for others—and it
is the ‘others” who are in the driving seat here. What is required,
Phipps realizes, is an example of some physical circumstance in
which SRT can be shown to have failed ... unambiguously. One
does exist, although careful reading of the standard texts (when
one is wide awake and on top of one’s game) is required to spot
it, otherwise the cardsharp cleans you out: stellar aberration is the
bone in the fish pie. Briefly, and as Phipps points out in entertain-
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ing detail, SRT claims to provide the complete explanation for the
Doppler shift and for stellar aberration —both phenomena affect-
ing light that comes from stars. To see the problem immediately,
it is sufficient to observe that in order to explain the Doppler
shift, the velocity used by SRT is defined as the relative velocity
between emitter and detector (v =v.- vd) which, of course, is per-
fectly consistent with SRT’s own internal logic. However, in order
to explain stellar aberration, the velocity used by SRT is defined
as the Earth’s orbital velocity in the solar frame (v =von) ... stellar
velocities are nowhere to be seen ... and there is no source-sink
relativity whatsoever! So, in order to ‘explain” two different as-
pects of the same starlight, SRT must submit to two different in-
terpretations, one consistent with its own internal logic and one
inconsistent with that logic. If you work in a University physics
department, try putting that position to any of your colleagues.

Honesty second: there are several good reasons for being ex-
tremely sceptical about SRT—Phipps is eloquent on them all—
but he knows that the clock cannot be turned back to 1894 (the
year Hertz died). Physics has moved on since then (and I do not
mean merely theoretical physics); in particular, although we can
with reason reject SRT, the time dilation prediction of SRT has
been verified to high accuracy many times over. Indeed, without
using the time-dilation formula of SRT to calibrate the relative
clock-rates of the Earth-based clocks and orbiting clocks, the GPS
system could never work as well as it does. So, Phipps accepts
that time dilation is a fact of physics and that the time-dilation for-
mula of SRT is verified and must therefore be properly built into
theory.

So, how does Phipps respond to this state of affairs? Well,
close analysis is hardly required ... for the Emperor is clearly na-
ked to the innocent eye ... SRT makes two independent state-
ments, of which we are all aware: firstly, there is the statement
about time dilation (with a formula which works in well-defined
situations) and, secondly, there is a statement about length contrac-
tion ... which Phipps correctly points out is a prediction of an ef-
fect which (a) has never been observed and (b) creates all kinds of
difficulties, not least of which is making it impossible to consider
SRT as a generalization (or covering theory in Phippsian lingo) of
Newtonian Mechanics. It is the length contraction prediction, for
example, that makes the science of rigid body mechanics impossi-
ble for the “relativist.” For Phipps, and for any right-thinking per-
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son in my view, the notion of length-contraction is a metaphysical
fantasy that can have no place in a theory of physics. And because
length contraction and time dilation are independent statements
then—as Phipps points out—we can cherry-pick. We can have a
theory which assumes the reality of time dilation whilst denying
that of length contraction. The way forward is formally trivial —
just replace ordinary clock time, ¢, in the Hertz formalism by the
proper time parameter, 7, defined in the usual SRT way where
the velocity parameter, vy, is the velocity of the detector in the (in-
ertial) observer’s frame. The result is the Neo-Hertzian formalism,
the ramifications of which Phipps works through in great detail —
but I shall stick with the big canvas: in denying the existence of
length contraction but accepting the existence of time dilation
Phipps is, in fact, denying spacetime symmetry; but, in doing so, is
regaining the possibility of rigid-body mechanics and, through
the neo-Hertzian formalism, is finding mutually consistent treat-
ments for the Doppler shift and stellar aberration. This is already
a huge bonus.

This Phippsian saga closes with a couple of chapters devoted
to discourse on the nature of timekeeping (rather than on the na-
ture of time). As I see it, this section is driven by three circum-
stances: firstly, there is no identifiable causal mechanism within
SRT for the “predicted” physical effect of clock retardation. If there
were, the twin-paradox would never have arisen in the first place.
Secondly, there is the (almost) self-evident fact that any man (or,
in this politically correct world, person) engaged in theorizing
about the world armed with a sensibly constructed clock which
furnishes a time ¢, can either choose to use t directly as his meas-
ure of time or choose to use an arbitrarily defined strictly mono-
tonically increasing function T = g(f) as his measure of time. The
only consequence is that there will be some choice of ¢ which
provides maximal simplicity to his theorizing—but all choices are
equally valid. Thirdly, there is the empirical fact of the engineers’
experience about how to make the GPS system work in practice—
the fact of an Earth-bound Master Clock against which all the to-
be-launched satellite clocks are calibrated so that once they are in
orbit they keep synchronous time with the Earth-bound Master Clock.
This calibration process amounts to the choice of a set of g-
functions —g1,92,... say—each one tailored separately to account
for the distinct operating conditions of its associated clock. In ef-
fect, Phipps argues that there are no reasons whatsoever—
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beyond vain prejudice and ideology —for believing that there ex-
ists for any system an inherently fundamental measure of time (or
“proper time” in the sense intended within SRT and GR). And,
upon reflection, I find myself agreeing with him. In which case,
he argues, the most simple system of time-keeping is the one pio-
neered by the GPS engineers—that of an agreed (almost inertial)
Master Clock against which all other clocks placed wheresoever
are synchronized by a g-transformation chosen according to the
operating conditions of the clock concerned (gravitational poten-
tial, relative velocity, etc., accounted for). Thus, the vision
spawned by SRT & GR according to which there are as many dif-
ferent “proper” clocks as there are particles in the universe is re-
placed by one in which there is a single (arbitrarily chosen) iner-
tial Master Clock against which all other clocks are synchronized.
As always, Phipps provides an exhaustive analysis of the
ramifications of this timekeeping methodology —but two can be
mentioned in a single breath: the absoluteness of the here and now
is restored to the discourse of physics—with the corresponding
consignment of the relativity of simultaneity to the proverbial dust-
bin; and the resurrection of the distinct possibility of a realistic
theory of many-particle physics.

I shall finish my few words in praise of this lovely, lovely
book by remarking briefly on that aspect of the neo-Hertzian
formalism which I find to be most remarkable: as a student (forty
years ago) I struggled with Maxwellian electrodynamics, and part
of my problem was that I always found two things rather odd:
firstly was the fact that here we had a theory in which the (sup-
posedly) most important parts were the fields, E and B, which
were unashamedly defined in terms of Newtonian forces—and
yet this very same theory was proclaimed the fountain-head of all
that was non-Newtonian in the whole world; secondly was the
fact that, although ideas of force were hard-wired into the
definitions of the field quantities, the theory still required an ad-
ditional postulate (the Lorentz force law) to make it into a useful
theory of electrodynamics. One can accept such things in an en-
tirely mechanical way, of course. But they left me feeling perpetu-
ally slightly disconnected from any claim to a real understanding
of the Maxwellian picture. At a stroke, Phipps has removed all
such impedimenta to clear sight: no longer is electrodynamics
claimed as the portal to a shining new world, quite different from
the old; instead, it sits firmly and squarely as an integral part of
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that old world. And, almost by magic—yet not really —Phipps
shows us that, in its neo-Hertzian reincarnation, electromagnet-
ism is already electrodynamics; there is no need to postulate force
laws additional to those inherent in the basic definitions of the
field quantities ... read, marvel and enjoy!

David Roscoe
Sheffield, October 2006



The great discoveries of science often consist ... in the uncovering
of a truth buried under the rubble of traditional prejudice, in get-
ting out of culdesacs into which formal reasoning divorced from
reality leads; in liberating the mind trapped between the iron teeth
of dogma.

—Arthur Koestler, The Sleepwalkers.

Author’s Preface

cience can be seen as the fitting to nature of a mask—a
gmask beneath which the probings of human curiosity

may be able to discover only other masks. For nature, as
the ancients knew, is something else. Some spectators today, suffi-
ciently concerned to qualify as “dissidents” —of whom I happen
to be one—view the mask currently popular among professional
physicists as especially and unnecessarily hideous. Beauty is in
the eye of the beholder ... and ugliness, too. A keen sense of the
ugly is as essential to the success of a would-be contributor to sci-
ence as any of the more obvious talents. For the points of special
ugliness of a theory are the loci of its vulnerability, at which a
sharply-directed attack is most likely to lead to progress.

In the human genetic mix the lovers of ugliness seem to be a
majority dominant in every era. By them, ugliness is perceived as
beauty ... and there is little arguing with them, since they com-
mand, as needed, all the machinery of political dominance, in-
cluding both democracy (the voice of consensus) and autocracy
(the voice of authority). Consequently, identifiable “progress” is a
matter of accident, a statistical fluctuation against odds. Old ideas
pass out of fashion, old beauties succumb to new. In the seething
ferment of transiently fashionable ideas that is the frontier of to-
day’s theoretical physics, the only trend visible to the eye of the
detached, not to say bemused, beholder is a secular increase of
ugliness—as of entropy.

Heading the parade of modern physics ugliness is Special
Relativity Theory (SRT), an icon now so sacred that to breathe a
word of negative criticism is to be automatically awarded the

Old Physics for New: a worldview alternative to Einstein’s relativity theory vii
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jester’s bells and mantle of “crackpot.” Many critics (misled by
the tale of “The Emperor’s New Clothes”) have tried to laugh,
expecting to evoke a chorus ... and all such have left their bones
to whiten the Juggernaut’s path. I anticipate no different fate, and
am not concerned except to leave one more set of footprints on
the path.

A hallmark of ugliness is pretentiousness, and few ideas in
the history of physics have been more overweeningly pretentious
than the one underlying SRT, that of Universal Covariance. Max-
well’s equations are ugly enough, being invariant not even at first
order ... but Einstein and Minkowski had the inspiration to uni-
versalize this form of ugliness and make it beautiful by making it
transcendent—over mechanics and all the rest. The present inves-
tigation is concerned with showing ways in which that particular
mask fails to fit nature. Though a goodly portion of this book will
be devoted to destructive criticism—for ugliness deserves no
less—most of it will be concerned with an attempt to rebuild, to
offer constructive alternatives based on the pioneering electro-
magnetic theory of Heinrich Hertz and on an approach, sug-
gested by the success of the Global Positioning System (GPS), to
establishing a consistent way of telling a kind of “time” divorced
from environment—very like Newton’s original conception.
These alternatives may strike many viewers as themselves ugly —
for that is an understandable response to any ringing in of the
Old to replace the New.

The nice thing about science, its redeeming feature, is that
human aesthetic preferences and value judgments, differences of
opinion regarding ugliness and beauty, conceptions of old and
new, make no lasting difference. What matters, what lasts, is
what works. What works is ultimately decided by experiment.
This book will not have been written in vain if it succeeds in call-
ing attention to two particular experiments that it claims to have
crucial impact. If they are done, it is just possible that what they
reveal about the shape of nature will enable (and motivate) the
artisans who follow to craft a better-fitting mask.

The writing of this book has been an educational experience
for me. When I began it I was long aware of the shortcomings of
Maxwell’s equations and the superiority of Hertz’s approach. But
I had not conceived of the extent to which “time” needed to be
reappraised, and the far-reaching consequences throughout theo-
retical physics of the needed reappraisal. Later, I became aware of
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others who preceded me in recognizing important aspects of the
“alternative physics” problem. These include Charles M. Hill,
Al G. Kelly, Curt Renshaw, and of course that dean of dissidents,
John Paul Wesley. Unfortunately, most of these are believers in
some form of fundamental substrate in our universe possessing a
determinate state of motion, the equivalent of Maxwell’s “lumi-
niferous ether.” In contrast, I claim reconcilability of the facts of
observation with a form of relativity principle.

My book has been written with an absence of scholarly trap-
pings such as footnotes, obligatory scientific “if’s,” “but’s,” and
“on-the-other-hand’s,” and with a regrettable appearance of as-
surance on my part that I have got things right. Indeed, that is to
a very limited degree my current illusion, and I have chosen my
didactic mode of exposition in order to leave everywhere as little
uncertainty as possible about my meaning ... but my true feelings
lie closer to the quotation from Xenophanes that heads Chapter 5.
In the final analysis, the book amounts to propaganda motivating
a couple of simple experiments ... and the reader who knows
how to get those done would save time to lay down this wordy
book and at the first opportunity get busy doing them.

Colleagues and friends whose advice and moral support
have eased my task include Michael H. Brill, Dennis P. Allen, Jr.,
Peter and Neal Graneau, J. Guala-Valverde, David F. Roscoe,
Ronald G. Newburgh, C. J. Carpenter, Paul B. Coggins, Ruth
R. Rains, and Kathleen Leahr. Particular recognition is due the
publisher, C. Roy Keys, who—with a few others, such as Petr
Beckmann, Howard C. Hayden, Harold W. Milnes, Eugene Mall-
ove, and Cynthia K. Whitney, none of whom history (which is
written by the winners) is ever likely to honor adequately —has
taken a crucial leadership role among dissidents in physics and
astronomy by giving them the rarest and most essential gift for
any would-be contributor to science, a way to communicate. In
effect these have provided the outcast, the rejected, the up-staged,
the downtrodden, the politically incorrect, the wrongthinkers of
physics, with a Samizdat. Finally, a word of special thanks to
David F. Roscoe for setting aside his academic obligations to read
my text and provide a much appreciated Foreword.

T. E. Phipps, Jr.
Urbana, Illinois
August, 2006
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Special notice regarding length invariance: The assumption or
postulate of length invariance is built into all aspects of the al-
ternative theory developed in this book. Therefore if the
reader is inherently intolerant of this idea—that is, if his mind
is permanently closed against it, whether through the revela-
tions of inner voices or through private knowledge of incon-
trovertible contrary experimental evidence—he should read
no farther. To go on would be a waste of time, as this book is
for him the purest form of crackpot literature. Those who rec-
ognize that the Lorentz contraction could be a myth are en-
couraged to go on. And if there are some on the edge, curious
as to why anyone in the twenty-first century would propose
such a bizarre idea as length invariance, full understanding
requires reading the text, but a shortcut can be found in Chap-
ter 6, Section 7.



In view of all our present difficulties it would seem that we ought
at least to try to start over again from the beginning and devise
concepts ... which come closer to physical reality ... If we are ever
successful in carrying through such a modified treatment, it is evi-
dent that not only will the structure of most of our physics be al-
tered, but in particular the formal approach to those phenomena
now treated by relativity theory must be changed, and therefore
the appearance of the entire theory altered. I believe that it is a
very serious question whether we shall not ultimately see such a
change, and whether Einstein’s whole formal structure is not a
more or less temporary affair.

—P. W. Bridgman, The Logic of Modern Physics

Chapter 1

What's Wrong with
Maxwell’'s Equations?

1.1 Problems of first-order description

irtually the whole of “established” modern fundamental
ﬂtbeore’dcal physics (quantum mechanics aside) is based

upon two sacred cows, Einstein’s special relativity theory
(SRT) and Maxwell’s equations of electromagnetism, the latter be-
ing postulationally supplemented by a Lorentz force law. (Of
these two, Maxwell’s equations are clearly the more fundamental,
in that they came first chronologically —thus forming a formally
prerequisite basis for SRT—and also in that they constitute the
original prototype of field theory, the basis for all later “elemen-
tary particle” physics developments acceptable to modern au-
thorities. Field theory has taken theoretical physics by storm. For
most of the past century theoretical physicists have been con-
vinced that field theory (the continuum mode of description) is
the “natural language” of physics on both large and small physi-
cal scales. (I happen to disagree profoundly, but that is another
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story I shall not even try to tell in the present book.) For this rea-
son it seems particularly important to get field theory right on its
own terms ... a process that can be begun only by doing the same
for Maxwell’s equations themselves.

That will be our task in Chapters 2 and 3. In this chapter we
briefly prepare the way by noting a few of the manifold short-
comings of Maxwell’s equations in their accepted form (and, by
incidental implication, of SRT). Before anything else, let us set
down those equations for the simplest case of free space, which
suffices for present purposes:

Gxp-L1E_475 (1.1a)
c ot c
GxE=_1B (1.1b)
c ot
V-B=0 (1.1¢c)
V-E=4np, (1.1d)

p and j, being the Maxwellian charge and current densities, re-
spectively. These four field equations, together with suitable
physical boundary conditions, define and determine the electric
field E and magnetic field B at the “field point” in space and
time specified by the arguments (x,y,z,t) of those two vector
field quantities. {I use Gaussian units (a) for the sake of history,
(b) to declare my independence from dicta of international com-
mittees, (c) to commemorate the brightest feature of my personal
higher education, that I did not go to MIT. Those wishing to use
other units can consult Table 2, p. 618 of Jackson!'!l or equivalent.}

On the broadest plane of philosophical generality, the field
continuum idea is subject to the type of objection applicable to all
mathematical idealizations parading as physical descriptions: The
mathematical continuum, like the mathematical point, is some-
thing dwelling in the head of the mathematician. If it happens to
find occasional usefulness outside that locus, this is more plausi-
bly viewed as a happenstance, a bit of good luck not to be
pressed too hard, than as a basis for religious experience. Yet we
find in history the temporarily successful idealization, put for-
ward tentatively by one generation, promoted into the next gen-
eration’s eternal truth ... and the third generation so worshipful
of it that consensus greets further experimental testing, if unsuc-
cessful, with suspicion suited to the Anti-Science. The real sin in


alan


alan


alan



1. What’s Wrong with Maxwell’s Equations? 3

all this is not in over-estimating the descriptive scope of an ide-
alization; that is mere rashness or bad judgment. Rather, it is in
the arrogance of self-assurance-via-mutual-assurance through
which crowds of scholars commit cumulative, massive follies that
would be tolerated by no single scholar under restraints of indi-
vidual responsibility or personal prudence. The scientific mis-
takes of individuals are healed and forgiven by history; the scien-
tific arrogance of academic mobs is not. That is my comment on
today’s final arbiter of scientific tastes, “consensus.” But if the
greatest crime of modern physics against humanity were a crime
against humility, we could deal with that in a paragraph and be
left with no material for a book. No, it is in the details (where
God is said to reside) that we shall discover more pressing prob-
lems with existing field theory. So, nothing more will be said here
against the continuum as a descriptive abstraction.

The first preliminary to be noted about the above or any
other field continuum equations is that they offer no hint of that
fundamental aspect of nature known as the wave-particle dual-
ism. For that, of course, Maxwell is not to blame. It is strictly in
hindsight that one recognizes all “fields” to be classical surro-
gates for spatially extended states (the wave aspect) of what
quantum theory terms virtual particles. These can manifest them-
selves locally (the observable particle aspect) only through “proc-
ess completions” enabled by interaction with material objects
categorized by physicists (with typical professional parochialism)
as “detectors.” For a field to make an observable appearance, there
must always be a detector present. From this more modern perspec-
tive, it seems that the detector is central to all observability, phys-
ics being the description of what is observable.

In that sense Maxwell’s equations are not about physics, be-
cause they concern what is supposed to be abstractly true at a
disembodied mathematical “field point,” not what happens cir-
cumstantially at a detector—the Maxwell field being commonly
conceived as a separately “existing” Ding an sich (whenever it
isn’t claimed to be a “physical vector,” whatever that may be, be-
sides an oxymoron). Only by imagining the detector to occupy
the field point can the two views be reconciled ... but that exacts
a serious penalty, to be appraised presently, in that the physical
degrees of freedom of any actual (or idealized point) detector are
suppressed through such stipulated superposition upon a mathe-
matical “field point,” which by definition is entirely lacking in
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4 Old Physics for New: a worldview alternative

motional freedoms—to the lasting and significant detriment (as it
happens) of the scope of all field theory.

The most prominent deficiency to be noted about the above
specific field equations is that they are not invariant under first-
order (Galilean) inertial transformations. This is an extremely se-
rious matter. It implies that in electromagnetism there exists an
order of physical description—indeed, a dominantly important
order, the first—at which the relativity principle (valid since
Newton) does not hold. That is, if we are limited in our accuracy
of physical measurement in such a way that we can observe only
effects of first order in velocity, we ought seemingly to be able to
observe actual violations of the relativity principle ... such as first-
order fringe shifts when our inertial system moves with respect
to some “fundamental” system. This putative non-invariance can
be seen from the fact that an operator such as 0/0t, appearing in
Eq. (1.1), is non-invariant under the Galilean transformation. The
latter asserts that

7'=7-ot, t'=t (1.2)
for a first-order inertial transformation between primed and un-
primed systems. (That is, 7',t' and 7,t specify coordinates of the
same event point in the two uniformly-moving “inertial” frames,
U being the constant velocity of the primed frame with respect to
the unprimed one, and “first order” implying that considerations
of order v* or higher are ignored.) From this Galilean transfor-
mation we find!'? the operator relations

V'=V, 0 _9.,5%. (1.3a,b)
ot' ot
The first of these may be derived by applying (1.2), remembering
that o is constant and recognizing that in partial differential op-
erator actions upon field quantities [traditionally considered
functions of (x,y,z,t)] the chain rule applies:
0 WO WO Eo WO 0 . g
Ox Ox ox' 8x 6y 8x oz oxot ox'
Similarly, since x'=x—-v_t, (ax'/ 81‘) =-v_, etc., we have
0 _ox' 9 8y6 628+8_t’i
o ot ox' 8t oy’ otoz ot ot

LA [P IR U )
ot \ Tox' Yoy oz'
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(Essential to this derivation is the constancy of ¢ implied by the
stipulation of inertiality.) So, although the space derivative opera-
tor is invariant under first-order inertial transformations, the par-
tial time derivative operator is non-invariant (6/0t' # 0/0t) —a fea-
ture that prevents invariance of the field equations. Maxwell him-
self (who, by the way, never wrote nor saw “Maxwell’s equa-
tions”) was not disturbed by such non-invariance, since he did
not subscribe to motional relativity and thought of electromag-
netic description as subject to simplification in a fundamental sys-
tem of ether “at rest.”

In the nineteenth century this feature of non-invariance was
taken seriously. Maxwell’s predicted fringe shifts were looked for
experimentally and not found. Relativity at first order was thus
discovered (by Mascart and others) to be an empirical fact. That
forced the conclusion that Maxwell’s equations were wrong, or
that something else was wrong. A “solution” was offered by Lor-
entz and subsequently reinforced by Einstein (in 1905). This was
that “inertial” motions are to be described not by the Galilean
transformation, Eq. (1.2), but by a more complicated set of equa-
tions known as “Lorentz transformations.” These introduced sec-
ond-order fiddlings with both space and time variables (with
“Lorentz covariance” substituted for invariance) that allowed the
retention of Maxwell’s equations unscathed. This makes emi-
nently good sense provided one is convinced a priori that Max-
well’s equations are the be-all and end-all of electromagnetic
physics—or that wishing and diddling can make it so. Such a
conviction stands permanently in the way of any progressive evo-
lution in the foundations of field theory and has petrified itself
into a doctrine of universal covariance. Over the years the latter has
become to theoretical physics what Virgin Birth is to Christianity.

How legitimate is it to treat first-order invariance problems
by second-order solutions? In my (idiosyncratic) opinion, not at
all. The Lorentz transformations for motion parallel to the x-axis
are

XM= (1.4a)

Y=y (1.4b)
z'=z (1.4¢)
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(%
t_Tx
f=— (1.4d)
1-0%/c .

It will be observed that in (1.4d) there is a first-order term in v
that must survive even if all terms in v* are discarded. Thus at
first order these transformations take the form

x'=x-vt (1.5a)
y'=y (1.5b)
z'=z (1.5¢)
t'=t—(v/c*)x. (1.5d)

Evidently at sufficiently long distances (large enough x-values)
there will be a first-order departure (1.5d) from the Galilean
transformation (1.2), affecting the time coordinate. (In this con-
nection, see Appendix.) Consequently on a sufficiently large scale
of distance there is no limiting conformity between the Lorentz
and Galilean transformations. “Inertiality” —a physical property
that both common sense and FEinstein tell us should not depend
on choice of distance scale—is not described by the Lorentz and
Galilean transformations in a mutually consistent way at first or-
der. To believe that at first-order the Lorentz way is right and the
Galilean way is wrong requires us to accept a never-verified
proposition—that at great distances time and synchronized
clocks behave in a different way from their counterparts in our
near vicinity. This in turn means that Newtonian physics is not
right on a large physical scale, even as a first-order approxima-
tion.

The reader can believe this proposition as an act of faith, if he
wants to; but there is no objective basis for belief. Nor will he find
it acknowledged up front in any of the SRT texts—which prefer
to represent Einstein’s mechanics as a covering theory of New-
ton’s mechanics, in order to claim all the credit of the latter, pre-
paratory to collecting extra dividends. (A “covering theory” is
one that replicates all predictions of its covered theory in some
parametric limiting case, but makes different predictions when
that case is not realized.) Because of failure to make a first-order
connection with the Galilean transformation, no Lorentz covariant
mechanical theory can be a covering theory of Newtonian mechanics.
The traditional method by which higher accuracy is attained in
physics—namely, through orderly progression from lower to
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higher orders of approximation, each successive order being so
contrived as to be a covering theory of the lower orders—is cer-
tainly violated by such an expression of faith. Let that belief (that
on a large scale the physics of the first order is different from
what it is locally) be yours, dear relativist, not mine. I choose to
view this as a signal, a clue, that all is not well in the foundations.

In fact I cannot make it fit very well with ordinary formula-
tions of the relativity principle, much less with assumptions of
cosmological homogeneity rife among today’s general relativists.
The relativity principle, as normally phrased, says that the laws
of nature are the same in different inertial systems. It says noth-
ing about their being different even within one inertial system.
An effect of distance on clock settings in a given inertial system
might be thought not to be the same as a change of “laws of na-
ture.” Yet any first-order changing of clock settings as a function
of distance, departing from the Galilean t'=t, will certainly affect
at first order that law of nature known as Newton'’s second law of
motion, F =mi , which is founded unequivocally on ' =+ .

On the other hand, if we accept that locally the Lorentz trans-
formations reduce at first order to the Galilean ones, then the
“relativistic” theory seemingly inherits at first order the difficulty
of Maxwell’s predicted first-order fringe shifts under the Galilean
transformation, discussed above—the shift-disproving experi-
ments being of local character and at first order. As it happens,
there is a save based on Potier’s principle (a deduction from Fer-
mat’s principle), whereby the putative fringe shifts prove to be
theoretically unobservable after all. This will be one of our topics
in Chapter 2. The matter is a bit subtle, and is never discussed nor
alluded to in modern texts of electrodynamics. This is part of the
general conspiracy of silence concerning first-order electromag-
netic physics.

As nearly as I can tell, the claim that at first order a physical
inertial transformation is described on the timelike side by
t'=t- (v/ ¢ )x is without a shred of observational support. Rather
the contrary would seem to be the case: Since the Earth reverses
its velocity every six months, it switches inertial systems with the
corresponding frequency, so all its co-moving clocks throughout
space should require continual resetting in those ever-changing
states of motion, in such a manner that the apparent timings of
astronomical events at great distances (large x-values) should
vary with an annual period, and should vary (from correspond-
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ing event timings in our immediate spatial vicinity) proportion-
ally to x. The first-order annual velocity change effect resulting
from Eq. (1.5d) would thus imply a first-order annual change of
clock readings and apparent dynamical evolutions at the loca-
tions of distant galaxies. There is no way clock readings (settings)
at a given place can change periodically without associated clock
rates appearing to change (as an artifact of the continual clock re-
settings associated with frame changes, about which the reader
can learn from standard SRT texts such as Taylor and
Wheeler!!3l—see the twin paradox discussion there).

In other words the earth’s circling should periodically affect
the apparent (measured) rates of remotely distant physical proc-
esses—although the processes themselves do not factually vary in
rate. But in actuality no such distance-dependent appearances
appear. Note that at first order there is no space-side fiddle (con-
traction) to “compensate” the claimed time-side fiddle (clock
phase changes)—as there is at second order—since the space co-
ordinates at first order transform in Galilean-Euclidean fashion,
Egs. (1.5a-c). The Lorentzian “first-order world” defined by Eq.
(1.5) thus seems decidedly unworldly.

If our argument about distant astronomical process appear-
ances is correct, it would seem that SRT and its mathematics of
“Lorentz covariance” (too often sloppily referred to as “Lorentz
invariance” or, heaven help us, simply “invariance”) get by on the
strength of an intergalactic gentlemen’s agreement to ignore the
observational physics of the first order. This is such an obvious
and trivial criticism that it is a waste of time to make it, since
minds are closed. Dingle,['4 who was put through the wringer by
the physics establishment and accused of “dementia” for his al-
leged crime of failing to “understand” SRT, remarked, “It is ironi-
cal that, in the very field in which Science has claimed superiority
to Theology, for example—in the abandoning of dogma and the
granting of absolute freedom to criticism —the positions are now
reversed. Science will not tolerate criticism of special relativity,
while Theology talks freely about the death of God, religionless
Christianity, and so on.” He found out the hard way that when all
gentlemen subscribe to an agreement, all non-subscribers are by defini-
tion non-gentlemen. It is to this pass that SRT has brought the
physics of the twenty-first century. And there, for all I can tell, it
will stick—perhaps for millennia. One can only hope that a single
millennium will suffice to eradicate the Einsteinian folly, as it did
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the Ptolemaic. But the durability of a myth grows nonlinearly
with its perceived beauty —which is far more a matter of self-
consistency than of external-world-consistency.

1.2 The under-parameterization of Maxwell's equations

Much lip service is paid by Maxwell’s followers to “source-sink
reciprocity.” Oddly, however, in the equations themselves there is
no reciprocity of parameterization between source and sink mo-
tions. Look closely at Maxwell’s equations, (1.1). You will see that
source motions are parameterized by . = p7,, where 7, is indeed
the velocity in the observer’s inertial frame of the particle that is
the source of the field (or a corresponding charge density). But
look as you may, you will find no parameter describing velocity
of the field detector, absorber, or sink. Now, pause and re-
flect ... What is going on? After all, the sink is physically as im-
portant to the radiation process as the source (no photon being
able to land without a landing-place), and far more so for pur-
poses of observation or “measurement” —recognized in quantum
theory as the quintessence of any micro process. In field theory
what has become of this quintessence?

What is going on is that the detector must be pictured as
permanently at rest at the field point. Remember the observer’s
“field point”? Well, that’s where the sink is. And nowhere else.
Ever. Think of that! In this fickle world of motion, flux, and rela-
tivity, here is something eternal, fixed, immobile ... something
you can count on. Dare I say it...? Something absolute. The
source, in contrast, is not absolute. Like everything else in nature
it can move freely, knows no home, has its velocity and degrees of
freedom parameterized, etc. But the sink by definition sticks like
glue to “the observer,” as a sort of extension of his personality.
Since the observer is always by definition inertial, so is the sink.
Here is a composition of matter (try making a detector without
matter) that is by definition always inertial in its motions. Strive
as it may to break that bond with the inertial observer, the poor
thing just cannot do so consistently with Maxwell’s field theory.
The sink lacks parameters that would grant it in theory those physical
degrees of freedom which it clearly possesses in nature. It is always
dangerous to build theory that departs from nature in ways so
elementary you can count them on one hand, even with a thumb
and finger missing.
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Looking at it another way, we can view the observer as tied
to a particular composition of matter (the field detector). He thus
becomes a “preferred observer” with respect to that bit of matter.
The state of motion of the matter in question then defines a fun-
damental physical inertial system that is preferred (by that ob-
server) above all others. Clearly, in either way of looking at it, an
element of absolutism contrary to the relativity idea has entered
in a basic way —an element ineradicable as long as we refuse (by
declining to parameterize sink motions) to allow arbitrary rela-
tive motions between every observer and every sink. The mo-
tional relativity idea, in contrast, properly requires that all observ-
ers be free to move with respect to all compositions of matter.
There must be no preferred observer or bit of matter, ever, any-
where in the universe. Pause for a moment to reflect on the pre-
sent claim: Here in the heart of Maxwell’s equations is a com-
pletely anti-relativistic structural element—an omission of
parameterization that prevents relative motion between the ob-
server and a corresponding favored composition of matter. And
Maxwell’s equations lie at the heart (formally and structurally) of
SRT, which is billed as the purest expression of the relativity idea.
In other words, in the heart of the heart of “relativity,” as we
know it today, dwells a heartworm.

1.3 The problem about Faraday’s observations: d/dt

A directly related difficulty evidenced by the Maxwell magnetic
induction equation, (1.1b), is that it misrepresents the Faraday
observations on which it is allegedly based. According to all the
texts, Faraday’s observations are described by
= = dD ders gz

$E-di= = dt”B ds, (1.6)
where @ is the B-field flux through the surface bounded by a
closed electrical circuit. Note particularly the appearance of the
total time derivative d/dt here. The line integral on the left repre-
sents the electromotive force (emf) generated in the flux-
penetrated circuit when any of various experimental parameters
are changed. Among those changed by Faraday was the shape of
his circuit. That is, he moved part of the circuit in a magnetic field
and observed that this produced an emf. It is this shape-changing
aspect that necessitates using a total time derivative operator
d/dt in (1.6), rather than the partial derivative 0/0f native to tra-
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ditional field theory. There is no escape from d/dt, because a
shape change cannot occur without accelerated relative motions
of circuit parts. Such different motions in different places require
for their localized (differential) description different values of a lo-
cal velocity parameter ,(t), of the sort that is present in d/dt but
not in /0t . There being no inertial system in which the circuit as
a whole can be considered even approximately “at rest,” there is
no applicability of SRT, which by its basic terms of reference is
limited to inertial motions.

According to the ideology of relativists, such problems of
mixed local accelerations and non-accelerations should rigor-
ously be handled by general relativity theory (GRT). As far as I
know, the doctrine to that effect has never been put into practice
in this case, perhaps because even relativists—though a rigor-
ously sober lot, as befits those teetering on the very tippy-top
rung of the intellectual ladder—have a sufficient sense of humor
to smile at any claim of logical necessity to treat Faraday’s elemen-
tary observations via four-index tensor symbols (or to drag in
equivalence of acceleration to “gravity”), when a simple total time
derivative will manifestly do the job with elegance and precision.
So, let us not argue with the electrodynamics texts, but take their
word for (1.6) as a statement of empirical fact. How, then, do rela-
tivists and field theorists get from (1.6), with its empirically cor-
rect d/dt, to Maxwell’s (1.1b), with its politically correct 0/0t?
Ah, now that is a tale that would interest psychologists. Some au-
thorities, such as Panofsky and Phillips!!®l just brutally set down a
howler,

= - dirs 0B

gf)E-dfz—EIJB~dS=—jJ‘E-dS. ?)
If you can square that with your mathematical conscience you are
off to the races in “deriving” the Maxwell (1.1b), involving a par-
tial time derivative. These authors stifle their scruples by fast talk
about “a differential expression valid for free space or a station-
ary medium.” Indeed, this might be a legitimate representation of
Faraday’s observations if they had been confined to free space or
a stationary medium. However, they involved changing the
shape of a circuit—altering the path of d/ in flux-penetrated
space. That’s a different matter, which mathematically requires
retention of the d/dt operator.
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Or, take an alternative dodge perpetrated by J.D. Jackson!'!!
and reflecting equivalent desperation to get to the known right
answer. He says, “Faraday’s law can be put in differential form by
use of Stokes’s theorem, provided the circuit is held fixed in the
chosen reference frame ... ” So, his draconian choice is simply to
ignore the experiment and pretend that Faraday held his circuit
fixed in an inertial frame. That gets us to Maxwell’s (1.1b), all
right ... but at what a cost! Lorrain and Corson!®l carry out a
variant of this reasoning even more conscientiously. If I under-
stand their analysis, they allow non-inertial motions, but require
the circuit at all times to move as a rigid whole—still in deliberate
disregard of what Faraday did and saw. Wangsness!'”! claims to
allow shape changes of the Faraday circuit, but when his formu-
las are examined they are found to contain only a single velocity-
dimensioned parameter @, our old SRT friend, the relative veloc-
ity of two inertial systems ... so, although the shape change was
talked about, by what was it parameterized? When you change
the shape of a circuit you impart different velocities to different
portions of it. If your theory lacks a velocity parameter that can
take different numerical values on different circuit portions, your
mathematics is plainly inadequate to the physics ... though it
may be adequate to the political demands of your day.

From the variety of such swindles by modern authorities—
all of whom insist on making bricks without straw (reducing
global circuit descriptions to differential form without benefit of
local shape-change parameterization)—and the unanimity of
critical silence by which they are greeted, the degree of degener-
acy of modern physical judgment and ethics could be judged ...
and mathematical integrity as well ... if anyone were judging. But
physics has shown itself a profession (like others) mightily resis-
tant to whistle-blowing.

Some more sentient observers of the electromagnetic scene
have noticed that information is lost in passing from the integral
formulation (1.6) to the differential formulation (1.1b). Conse-
quently they insist on integral formulations of field theory as
more “fundamental.” [Thus (1.6) allows for continuous deforma-
tions of the global integration contour, whereas (1.1b) contains no
way of describing the resulting continuous local departures from
inertial motion.] None of these experts has recognized that the
simple way to recover all the lost information is by changing the
differential formulation to make it include an extra velocity parame-
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ter ,(t) capable of describing the said local departures by taking
on different local values ... and the simple way to do that is to
avoid the strenuous mental gymnastics involved in replacing
d/dt by 0/ot, and instead to relax and peacefully leave d/dt in
the differential formulation. This is the sort of thing readily
grasped by freshmen but utterly hidden from the ken of aca-
demic savants (unless their peers are telling them about it, in
which case they invented it back in "01).

1.4 Justification for a Hertzian form of Faraday’s law

Why this concerted professional willingness or compulsion to
make obvious elementary mathematical mistakes in the interest
of getting to Eq. (1.1b), as if at all costs? Simply because the stakes
are tremendous. The costs are indeed “all.” The reputation of
every physicist of the modern era, dead or alive, depends on that
little 6/0t . Empiricism calls for the field equation (1.1b) to be re-
placed by the Hertzian invariant form

VxE=-=-22, (1.7)

but that would destroy spacetime symmetry, which arises from and
depends critically upon the appearance of the time variable ¢ in
the field equations (1.1) of electromagnetism solely in a balanced

form
000 0
ox" oy’ oz’ dict

that manifests a fundamental symmetry of space and time partial
derivative operators. This is the mother lode—where spacetime
symmetry originates. The total time derivative, in contrast, is tra-
ditionally expressed as

d 0 (. &

m_&+@dw, (1.8)
where 0, may be treated as constant or more generally as an ar-
bitrary function of ¢ (at any rate constant under the action of V).
To use d/dt is to upset the balance of space and time:

200 0 ;.5

Ox Oy Oz Oict
So, it’s hello d/dt, goodbye spacetime symmetry. Note that this
7, is a local velocity parameter entirely different from the global
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parameter v descriptive of an inertial frame transformation. The
proof of Eq. (1.8) for the general case in which the field detector is
treated as a point particle in arbitrary (possibly accelerated) mo-
tion, 9, =9, (t), is immediate from the chain rule:
d dcx0 dyo dzo dto 0
— ettt ——=—
dt dtox dtoy dtoz dtot ot

It is important to note, as an implicit feature of this deriva-
tion and conception, that the field quantities or other operands of
d/dt are not viewed as arbitrary functions of (x,y,z,t), as is
standard in traditional field theory, but are instead viewed as
functions of (x(t),y(t),z(t),t). This means that one maintains
always an inflexible regard for the fact that all field values are
measured quantities—measured on the trajectory of the point-like
detector ... that trajectory being described by
7(t)=(x(t),y(t),z(t)) at any locus in space where the “field” is to
be interrogated, or at each place along a conducting circuit sub-
ject to deformations. Consequently, our v, is not a “velocity
field.”

The introduction of the d/dt operator completely spoils the
formal symmetry of space and time differentiations and thus de-
stroys the basis (in electromagnetism) for SRT and for all modern
physics built upon it. And it leaves no justification for “universal
covariance,” the mathematical expression of spacetime symmetry
that is the touchstone or shibboleth of our scientific age. The ap-
pearance here of an extra velocity-dimensioned parameter o, fits
hand-in-glove precisely to compensate the Maxwellian under-
parameterization mentioned in Section 1.2. Exploitation of this
lucky fit will be our main objective in the next chapter.

The upshot of the present discussion is that the physicist
faces a choice between respecting empirical fact, as embodied in
Faraday’s observations (demanding total time differentiation),
and imposing mathematical beauty, as embodied in covariant
formalisms (for which it is essential that all time differentiation
operators be of the partial type). Among theorists of our era there
has never been a moment’s hesitation about that choice. They
have stopped at nothing to legislate their foreknown truth. This is
to say that the people who currently call themselves, and are paid
to be, physicists are flying under false colors. They are ideologues,
playthings of their collective infatuation with beauty. The world
as it is interests them less than the world as it ought to be. They

+3,-V. (1.9)
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are what happens when physicists morph into mathematicians
(of sorts). But since they constitute an intellectual monopoly that
controls all media of communication in their field, whistle-
blowing by individual out-groupies like myself is a vain en-
deavor. Those who control today’s scientific communication exert
absolute power to allow or prevent progress, and by that power
have been corrupted absolutely.

1.5 Other problems of Maxwell’s equations

In conclusion regarding the deficiencies of Maxwell’s equations,
we have barely scratched the surface of this bountiful topic.
Plenty more such are to be seen by any beholder not blinded by
science. A major portion of this book will, in one way or another,
be concerned with exploring the ramifications of this rich subject.
I have thus far omitted criticism, for example, of sins against logi-
cal economy, such as that entailed in defining a “field” as force on
unit charge and then postulating a separate force law for charges.
And I have omitted criticism of internally contradictory aspects
of field theory itself. For instance, Eq. (1.6) defines “flux” as an in-
tegral. This implies that any circuit senses instantly via its emf—
e.g., by a set of voltmeters placed everywhere around the perhaps
infinitely spatially extended circuit—any change of a global (in-
tegral) property. (If not, please tell me which voltmeter measures
the flux change first. And feel free to place yourself in any inertial
system!) This can only betoken instant and simultaneous actions
at-a-distance —supposedly forbidden by the very terms of refer-
ence of field theory, not to mention SRT. Yet here we perceive
field theory (always presented as the bastion of causal thinking)
to be founded on a conception that is manifestly acausal and con-
trary to the relativity of simultaneity. The bones of quantum me-
chanics move perceptibly beneath the skin of the Maxwell
field!'$1—instant action-at-a-distance being an integral aspect of
quantum theory. The only known exception in the entire range of
physical experience to the rule of instant action is radiation (lo-
cally completed quantum processes)—the tail that hitherto has
wagged the dog.

Suffice it to say that Maxwell was a genius. He earned that
status by eclipsing the original geniuses of electrodynamics,
André-Marie Ampere and Wilhelm Weber. It is the fate of genius
to be eclipsed. Pace ...let genius be sufficient unto the day



16 Old Physics for New: a worldview alternative

thereof. The whole concept of the field-continuum mode of de-
scription is over-ripe for reappraisal, if our era could move be-
yond its complacently dismissive view of electrodynamics as a
closed book. About this subject there is only one thing trivial, in
the sense of being true clearly to any child —namely, that it is
barely (and thus far poorly) begun.

1.6 Chapter summary

In this chapter we have concentrated on three major deficiencies
of Maxwell’s equations:

e They are not invariant at the lowest (first) order of ap-
proximation under first-order inertial (Galilean) transfor-
mations.

e They are under-parameterized, in that source motions are
described but not sink motions. Such an implicit promo-
tion of the sink to a preferred motional status flouts any
conceivable form of relativity principle. (This is why in-
variance fails.)

e They misrepresent Faraday’s observations of induction
through the false implication that 0/0t can treat that for
which d/dt is mathematically necessary: viz., description
of the emf generated by changing the shape of a conducting
circuit penetrated by magnetic flux.

Other shortcomings are readily cited, but these will suffice to give
us the clues needed in order to commence a plausible reconstruc-
tion of electromagnetic theory in the next chapter.
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There is no physical phenomenon whatever by which light may be
detected apart from the phenomena of the source and the
sink ... Hence from the point of view of operations it is meaning-
less or trivial to ascribe physical reality to light in intermediate
space, and light as a thing travelling must be recognized to be a
pure invention.

—P. W. Bridgman, The Logic of Modern Physics

Chapter 2

What to Do About lt ...
(the Herizian Alternative)

2.1 First-order invariant field equations

he criticisms of Maxwell’s field equations in the preceding

chapter were made in order to gain constructive clues to

the building of alternative electrodynamic theory. In that
we have been successful: We saw that those equations were un-
der-parameterized (lacking a velocity-dimensioned parameter to
describe sink motions), and also that they misrepresented Fara-
day’s observations of induction by using the non-invariant opera-
tor 0/t instead of the first-order invariant operator d/dt (which
contains an extra velocity-dimensioned parameter 7, needed to
describe local departures of his circuit from inertiality). Putting
these clues together —matching parameter deficit with parameter
surplus—we have the inference forced upon us that it would be
worthwhile to aim for an invariant (instead of covariant) formula-
tion of electromagnetism in terms of total time derivatives,
wherein 9, is interpreted as describing sink motion. (As a confir-
mation and dividend for using an invariant time derivative op-
erator, we shall discover that the resulting field equations are
themselves invariant at first order.) No inspiration can be claimed
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for such an idea, or confluence of ideas, since the facts make it in-
escapable. The idea, over-ripe, has fallen from the tree and has
only to be picked up. We know that motional relativity is an em-
pirical fact, and that invariance is the natural mathematical ex-
pression of a relativity principle. Covariance is supposed to do as
well, but certainly not better! So, first things being first, let us get
busy and get first-order electromagnetic field theory right for a
change. That will be our aim in this chapter. Then, in the next
chapter, we shall see whether higher-order description can be in-
duced to follow suit (as a covering theory) in the course of na-
ture ... as nature, so to speak, intended.

To prepare the way, we gather up a loose end by proving our
assertion of the invariance of d/dt under the Galilean (first-order)
inertial transformation, Eq. (1.2). Applying the Galilean velocity
addition law,

v, =70,-70, (2.1)
where 7, is sink or detector velocity measured in the unprimed
inertial frame, ¥ is the same measured in the primed frame, and
v is velocity of the primed relative to the unprimed inertial
frame, together with Egs. (1.3) and (1.8), we find

(ij =(£+z7d -?) =i+6; V'
dt ot ot 2.2)
:(3+5-6j+(5d—5)-6:ﬁ+5dﬁ=(ij,

ot ot dt
which verifies the first-order invariance of d/dt. Note that in this
proof it is essential to distinguish between the two velocity-
dimensioned parameters, 7 and 7,. They are physically and
mathematically unrelated, v being always necessarily constant
for inertial motions, and ¥, being more generally descriptive of
arbitrary non-inertial motions via an arbitrary Lagrangian particle
trajectory, o, =70,(t) —but not via an Eulerian “velocity field”
0, =0,(x,y,z,t). The latter requires a more elaborate analysis,
patterned on that of Helmholtz,?!1 who, according to Miller,2?
derived the result

du _ou

dt ot
If we apply this to arbitrary vector fields, U,V , then a standard
vector identity?? converts it to

+V(§-ﬁ)—Vx(\7xﬁ).
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T +(V-v)u+u(v-v)-(u-v)v. (2.3)
If Vv operating on 1% yields zero, then (2.3) reduces to (1.8). Such
results have been given also by Abraham-Becker?4 and more re-
cently by Dunning-Davies,?% as well as by other authors. They
provide a generalization of the traditional total or convective de-
rivative (1.8) from the Lagrangian specialized case v, =7,(t), un-
der which (1.8) and (2.2) are valid, to the general field-theoretical
case, V = V(x,y,z,t) . However, I see no use for such generality in
the present context. Physically (setting aside entirely all those
hardy perennial interpretations, of the Lorentz ether pedigree,
that postulate an electromagnetic “medium” in an identifiable
state of motion), they correspond to the case of an extended “mol-
lusk” detector (to borrow a figure of speech from Einstein), or
electric eel—which could be expanding and contracting, with
non-vanishing V -divergence or gradient. Prosaically, attention
will be confined in this book to idealized inanimate point detec-
tors—hence to the Lagrangian 9, =9, (f).

We proceed to postulate the first-order invariant electromag-
netic field equations, here called Hertzian because —though often
(and still continually being) re-invented —they were first pro-
posed by Heinrich R. Hertz.2¢ Getting rid of the non-invariant
o/ot everywhere in Maxwell’s equations in favor of the invariant
d/dt, we have for free space, to which attention will be confined
here:

Vxp-LdE_475 (2.4a)
cdt ¢
VxE=_19B (2.4b)
c dt
V-B=0 (2.4c)
V-E=4np. (2.4d)

These equations are identical to the Maxwell Egs. (1.1) except that
d/dt replaces 0/0t and the source terms are interpreted differ-
ently. In (2.4a) the modified source term j, is interpreted as the
current density that is measured by a suitable point detector mov-
ing at velocity 7,(t) in the observer’s inertial frame. It is evi-
dently related to the Maxwellian source current density .
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(measured at the stationary field point by a detector at rest there)
by the first-order vector summation,

Jou =Js = POy (2.5)
The —pv, term here represents an equivalent current (of reversed
direction, signified by the minus sign) due to detector motion at
velocity ©,. In effect, a current-density detector is pictured as
passing with velocity o, through the observer’s “stationary” field
point and as having a snapshot taken of it there at the moment of
detection. The snapshot shows it to be displaying on its read-out
a measured value j,, which is the vector sum of the Maxwell
source current and the convection current produced by its own
motion. It will be observed that (2.4b) reproduces the empirical
result (1.7), which we decided in Chapter 1 was needed to de-
scribe Faraday’s observations. And since there is no virtue in go-
ing half-way with invariance, the invariant total time derivative
has been used in (2.4a) as well. By the nature of invariance, the
Hertzian invariant formulation of field theory obeys a first-order
relativity principle and gets rid automatically of the spurious
first-order fringe shifts predicted by Maxwell’s non-invariant
equations when subject to the Galilean transformation.

We stipulate that various field-related quantities such as
source charge and current are measured (simultaneously) at the
field point, as are the field quantities E and B themselves.
Moreover, the various physical detectors (as of electric and mag-
netic fields, charge densities, etc.) that make such measurements
all share a common state of motion parameterized by 7, . Because
of this shared-motion assumption we may picture all these quan-
tities as measured by a single multi-purpose “detector.” This we
idealize as a mathematical point (but one sufficiently massive to
possess a classical trajectory), which moves through the ob-
server’s idealized stationary “field point” and coincides with it at
the instant of measurement. This constitutes a minor extension of
the (seldom-discussed) idealizations employed by Maxwell and
field theorists generally —who tacitly assume immobility of the
detector at the field point. The term “point detector,” as used
here, will always refer to a physical detector, usually of several
field-related quantities, idealized as a mathematical point, yet
recognizable as surrogate for an actual macro instrument through
the fact of its possessing a well-defined trajectory. Such prelimi-
naries need not be dwelt on further. They are usually skipped
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over almost entirely by textbook expositors, who break a leg to
get to the mathematics. The more the textbook-writing professors
cripple themselves in this way, the more their students do the
same when they in turn grow up to be textbook-writing profes-
SOrs.

Since the Maxwell case of a stationary detector represents the
special case 9, =0, d/dt —0/ot [as shown by Eq. (1.8)], we see
that Hertz’s electromagnetism, Eq. (2.4), constitutes a “covering
theory” of Maxwell’s equations, (1.1). That is, all predictions of
Maxwell’s theory are reproduced by Hertz’s theory in the special
case that the field detector is at rest, v, =0, at the field point in
the observer’s inertial system. If the detector moves with respect
to the field point (7,#0), new effects are predicted by
Hertz ... and the prediction is invariant at first order, so that all
inertial observers agree on it. The electromagnetic “laws of na-
ture” are the same for all of them, so a first-order relativity prin-
ciple is automatically obeyed in conformity with the mathemati-
cal invariance (under Galilean transformations). Einstein or
Maxwell might handle this physical situation of detector motion
through the field point by transferring observer and measuring
apparatus bodily into another frame, also required to be iner-
tial ... and then forever after would be limited to strictly inertial
motion of a detector fixed at the observer’s new field point. The
Hertzian analysis, not being limited to inertial motions of the
sink, allows arbitrary non-inertial o, =79,(t). It is thus a “covering
theory” in more ways than one.

Since the operators V and d/dt appearing in the Hertzian
field equations (2.4) are Galilean invariant [per Egs. (1.3) and
(2.2)], and the source terms p and j, are measured quantities on
which all observers must agree, it follows that the field equations
must be Galilean invariant; consequently that the field transfor-
mation law at first order is

E'=E, B'=B; (2.6)
that is, the field quantities themselves are invariant. Let us pause
to prove our claimed field equation invariance in detail. First we
note the Galilean source transformation equations

p(F.t)=p(F.t) 2.7)
and
(7 ) =1.(Ft)-p(F,t)T, (2.8)
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this o being the velocity parameter appearing in the Galilean
transformation, Eq. (1.2). Eq. (2.7) follows from the facts (a) that
7" and 7 refer to the same field point in space, viewed in primed
and unprimed inertial systems, (b) that t'=¢, and (c) that charge
density is measured by counting charges in the given small (in-
finitesimal) detector volume, which has the same size and shape
as viewed in each system and regardless of its relative motion
(because we postulate length invariance, as will be discussed
more fully in due course—cf. Chapter 6, Section 7). Such a charge
count, a pure number, must be invariant under changes of the
viewing system. Similarly (2.8) holds for the Maxwellian current
density, with inclusion of a convective current-density term due
to the inertial relative motion. These are well-known results from
Maxwell theory, to be found for instance in Jammer and
Stachel.'?l From this we prove the invariance of the Hertzian
measured current density,

Jon :(]'s_pi;d) =j.—P'Ty =(js—pi'7)—p(5d—5) (2.9)
= js - pﬁd = ]m ’
where use has been made of Egs. (2.1), (2.5), (2.7), and (2.8). With
these preparations, proof of the Hertzian field equation invari-
ances becomes a matter of inspection.
Thus invariance of (2.4c),

(V-B) =¥"-B'=¥-B=0, (2.10)
follows from (2.6) and (1.3a). Invariance of (2.4d),
(V-E-4mp) =V'-E'~4mp' =V -E~4np =0, 2.11)
follows from (2.6), (1.3a), and (2.7). That of (2.4b),
[%E+1d—BJ =§'><E'+l,(i], E':ﬁxé+1d—3=o, (2.12)
c dt '\ dt c dt

follows from (2.6), (1.3a), (2.2), and the assumed first-order con-
stancy of the units ratio,

c'=c. (2.13)
Finally, the invariance of (2.3a),
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[ﬁxé_ld_E_‘*_”jm] :ﬁ'xg’_l(ij Bt

’ m

c dt c '\ dt Cc (214)
_vxB-L4E_475
cdt ¢

follows from the above together with (2.9). In the same way we
may identify a first-order invariant continuity equation, which gen-
eralizes the customary one involving 06/0t :

= dp ' =, d ' =1 dp

(V T + dtj \% ]er(dtj p'=V-j + 5 0. (2.15)
The generalization resides, of course, in the circumstance that the
detector measuring total current j, can move with respect to the
field point; whereas such motion is (without physical justifica-
tion) forbidden in the traditional /0t formulation. The above in-
variances all hold at first order under the Galilean transforma-
tion, Eq. (1.2). We shall have more to say presently about the
physical meaning of a field invariance such as (2.6), which is en-
tirely different from the corresponding “covariance.”

Finally, we note in passing that Eq. (2.1), 9, =7, -7, implies
various expressions of the reciprocity idea. Thus, if we formally
put primes on both sides of this equation we get 0} =7, -7". In-
terpreting one prime as effecting a switch from one inertial frame
to another, and two primes as effecting a switch back, we have
the requirement o);=7,, which implies 9;=9,=07,-7', or
U, =0, +0'. Comparing with (2.1), we see that

'=-0, (2.16)
which is the customary expression of Galilean velocity reciprocity
between inertial frames. If the latter is taken as given, the argu-
ment can be worked backwards to prove 7} =7, .

2.2 History: Why did Hertz fail?

It is of interest to digress for a moment to see how history ex-
plains why the reader has never heard of Hertz’s first-order in-
variant version of electromagnetic theory. First, let it be noted that
Heinrich Hertz, although generally credited only as the experi-
mentalist who confirmed in his laboratory Maxwell’s ideas about
the wave propagation of light, was also a powerful theorist in his
own right. In the last chapter of his book Electric Waves,>¢! Hertz
developed a formally (Galilean) invariant generalization of Max-
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well’s theory, involving a new velocity-dimensioned parameter
with components («,S,y). He conceived of his theory (formally
the same as that developed above) as describing an electrody-
namics of “moving media,” and interpreted his new velocity pa-
rameter as ether velocity. This was a serious mistake, a false in-
terpretation. He compounded that error by postulating a Stoke-
sian ether 100% convected by ponderable matter. This made his
theory testable, because it reified the ether—giving it “hooks” to
observable matter. (Maxwell, too, assumed an ether, but cleverly
avoided giving it hooks to anything observable!) Soon after
Hertz’s death an experimentalist, Eichenwald,?”l went into his
laboratory and disconfirmed Hertz’s predictions. The invariant
theory was thus discredited and relegated to history’s trash bin.
One important lesson to be learned: It is never theory alone
that is proven or disproven in the laboratory; it is theory plus in-
terpretation of the symbols employed in it. We have seen that by
the simple expedient of interpreting Hertz’s («,f,7) as our 7,,
with no reference to “ether” —specifically, by re-interpreting
Hertz’'s “ether velocity” as field-detector velocity relative to the
laboratory inertial system—all conflicts with observation are
eliminated through the obtaining of a covering theory of Max-
well’s electromagnetism. In fact Hertz possessed such a formal
covering theory, but spoiled it as physics by his bad guess about
symbol interpretation. The irony of history is that Maxwell’s
(ether) interpretation, too, was discarded, leaving to posterity
only his formalism. That residual (once and future) formalism
was inferior to the discarded Hertzian formalism, in exactly the
sense that any non-invariant formulation is inferior to its corre-
sponding invariant covering theory. The final irony is that if there
were justice based on chronological priorities Maxwell’s theory
would have been discarded even before Hertz’s was discarded —
and on identical grounds, namely, that of hair-trigger observa-
tional “disproof.” For we mentioned that Mascart?®! (in 1872) and
others had done experiments looking for Maxwell’s predicted
tirst-order fringe shifts and not finding them. So, Maxwell’s the-
ory was observationally “discredited” long before Hertz’s, fully
as firmly as Hertz’s, and on identical grounds, viz., a bad “ether”
interpretation ruined it as physics. Still, as a fact of history, Max-
well’s inferior formalism was retained and Hertz’s superior for-
malism was discarded and utterly forgotten. (If extra irony is
needed on top of irony, Hertz himself was quoted as doing Max-
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well the favor of saying “Maxwell’s theory is Maxwell’s equa-
tions” —meaning, forget Maxwell’s ether interpretation—yet no
physicist ever did Hertz the favor of saying “Hertz’s theory is
Hertz’s equations” —meaning, forget Hertz’s ether interpretation!)

That'’s the way history of science works, and you won't find it
in history of science books. Most of the latter are written to specs
of political correctness of their day. They themselves are part of
the history of science, and not the most admirable part. Still, it
would be difficult to get along without them. For instance, the
work of A. I. Miller,22 an historian of science who yields place to
nobody in his abject fealty to Einstein, is invaluable for giving a
rare glimpse of the electromagnetic science that preceded Ein-
stein. Thus, Miller’s Eq. (1.8), attributed to Hertz, is identical to
our Eq. (1.7), which we asserted to be demanded by Faraday’s
empirical evidence. So, although Miller does not make the point,
Hertz’s grasp of Faraday’s physics—of the empirical basis of the
budding electromagnetic science—was superior to that of the
Maxwellians.

However, Miller’s ideological bias in favor of his hero is so
strong that he cannot resist making serious expository mistakes.
He says of Hertz that “his axiomatic assertion of the form invari-
ance of the electromagnetic field equations [or “covariance” as
Hermann Minkowski (1908a) described this mathematical prop-
erty] led Hertz to predict new effects whose empirical confirma-
tion could in turn serve to confirm his axiom of covariance.” This
short quotation is riddled with misinformation. Hertz did not
make an “axiomatic assertion.” He simply and explicitly alleged
the invariance of his equations (an allegation factually correct at
first order, as we have seen). Unfortunately he left it at that, not
bothering to prove his allegation—probably because he consid-
ered the reader intelligent enough to provide his own proof.
Hertz rightly said nothing about covariance, because it had not
been invented, was irrelevant, and was inapplicable to his equa-
tions. Those equations were, exactly as he said, invariant, not and
never covariant. Concerning the vast physical difference between
these two kinds of form preservation we shall have more to say
below. The mathematical difference is equally vast, as should be
evident to any reader who has had the mathematics of covariance
drilled into him in the course of a modern higher education.
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2.3 Invariance vs. covariance: The physics of it

It is worth pausing to say a few words about the neglected physi-
cal aspect of the distinction between covariance and invariance. It
might be thought that there is no physics involved and that the
distinction is purely mathematical —and not much of a distinction
at that, since authorities as distinguished as Dirac slur over the
difference by alluding to “Lorentz invariance.” This writer, in
fact, has never seen a clear, precise, mathematically kosher state-
ment of the difference between invariance and covariance. So, I
shall slur a bit myself, simply saying that under an invariant trans-
formation a mathematical relationship (equation) preserves each
symbol in place, from its untransformed to its transformed inter-
pretation, without altering the formal relationships among sym-
bols and without redefining individual symbol meanings. A co-
variant transformation, in contrast, allows similar form preserva-
tion of the relationships among symbols, but does so by introduc-
ing separate explicit relations of dependence (linear, in the case of
Lorentz covariance) among transformed and untransformed
symbols, amounting to symbol redefinitions. Symbol redefinition
may be said to be the hallmark of “covariance.”

Examples: The Maxwell field equations (1.1) are covariant un-
der a Lorentz transformation, Eq. (1.4). (The explicit relations of
linear dependence among field components are given in any of
the texts, such as Jackson!"!l or Panofsky and Phillips.l'%! In effect
there is a “scrambling” of electric and magnetic field components,
such that electric field components in one frame are redefined as
a linear combination of both electric and magnetic components in
the other, etc.) The Hertz field equations (2.4) are invariant under
the Galilean transformation (1.2), as we showed. Their symbols
transform in place without redefinitions. E, B in one frame mean
exactly the same thing in any other, as per Eq. (2.6). It is my bias
to characterize covariance as a clever contrivance, invariance as
mathematically straightforward. (The symbol-redefinition ap-
proach succeeds through achieving self-consistency —and that in
itself seems to me potentially dubious, in the sense that it would
be better not to have to rely on it as physics. Mathematicians, in
contrast, view self-consistency as self-justifying. Mary’s little
lamb, physics, is supposed to follow. Like the French king who
said “L’état, c’est moi,” or the American Admiral who calls himself
“Sixth Fleet,” the mathematician declares, “Physics, it is my sym-
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bols ... and my symbols are what I define them to be.”) Both in-
variance and covariance exploit the theme of “form preserva-
tion,” and on this basis both can lay formal claim to expressing a
physical relativity principle.

But physically the two describe entirely different sorts of
“fields,” and no confusion should be allowed to exist between the
Maxwellian and Hertzian types. The easiest way to recognize the
difference is to contrast the ways in which the two are measured.
In Einstein-Maxwell theory each of an infinite ensemble of iner-
tial observers has his personal point-like measuring instrument (a
multi-purpose type capable of measuring field components,
charge and current densities, etc., in the manner indicated above)
at rest at his own field point, which is fixed in his system. At the
instant these field points coincide (the points being located on
lines in space parallel to the relative motions, all intersecting to
allow such coincidence), each of the measuring instruments (“de-
tectors” brought into coincidence) is read by its respective ob-
server and the various sets of field-component numbers so re-
corded are found on comparison to satisfy the relations of linear
dependence mentioned above and specified by the Lorentz trans-
formation (with group parameter v descriptive of the relative mo-
tion of any pair of these inertial systems). Thus operational proce-
dures or “measurements” are replicated in the various inertial sys-
tems, with the unspoken assumption (basic to all classical phys-
ics) of physical replicability of experiments.

Notice that this entails a collision of the various detectors, if
those are constructed of matter. To avoid this, one could picture
“near misses” of the detectors. But that is a compromise with op-
erationalism. It would be more instructive to recognize that
Maxwell’s conception of “field” as Ding an sich comes into play
here, so that Maxwellianism, sang pur, does not base its conceptu-
alizations upon measurement at all (or upon the pesky material
mechanisms of measurement), but simply upon abstract numbers
floating in space (attached to an independently existing “field”
reality) that are revealed by the equations without need for
measurement, even in thought. Hence in inertial transformations
the “collision” (harmless and non-destructive) is of mathematical
field points only, not of actual material (or notional) field detec-
tors ... so there is no need to arrange near misses. This of course
does not fit with Einstein’s working version of operationalism,
whereby everything hangs on Gedanken measurements, so it is



28 Old Physics for New: a worldview alternative

anomalous that Einstein took unquestioning satisfaction in ex-
actly preserving Maxwell’s formalism, root and branch. One
wonders if he understood the full philosophical implications of
what he was preserving.

So much for the Maxwell-Einstein form of electromagnetic
field theory. Let us turn next to the Hertzian version. Instead of a
raft, passel, or pride of inertial observers, each equipped with his
own “personal” point detector permanently fixed at his field
point, there is only a single point detector present—and this can
be unequivocally, without apologies or evasions, a genuine com-
position of matter. It is public property. Differently-moving iner-
tial observers, of which there may be any number present, are all
provided, not with any tangible apparatus, but with a (unique)
numerical parameter value 7, descriptive of the velocity of this
single “public” detector relative to their own inertial system.
There is never any collision of real or notional detectors, because
there is only one detector present in the whole universe of dis-
course ... and each observer is at rest with respect to his own
field point, as in Maxwell’s theory. Each field point is in motion
aligned to pass through the location of the point detector. At the
moment when all field points coincide with the point detector’s
location, all observers consult the read-out of that single (public)
instrument. Since they all read the same numbers from the same
instrument at the same instant, it follows that numerical invari-
ance and form invariance are trivially satisfied. There is only one
physically unique point event of detection. That is what all ob-
servers describe. Eq. (2.6), E'=E, B =B, just expresses this nec-
essary identity of numbers read from the same instrument at the
same time by different observers. So, genuine invariance is a Kin-
dergarten matter—as distinguished from covariance, which is for
fast-track college sophomores and other candidates for initiation
into the Orphic and Eleusinian mysteries of higher mathematics,
who—trudging valiantly toward general relativity theory—bear
‘mid snow and ice their banner with a strange device, “Excelsior!”

2.4 Invariance or covariance: Which is physics?

Is it a Mexican standoff, then, between invariant and covariant
formulations of electromagnetism? Is there no way to decide
which is physics? Will either describe all observable aspects of na-
ture? At the level of classical description, in what may be called
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the strong-field approximation (many photons present to repre-
sent the “field”) this is undeniably the case. Maxwell’s theory and
its Hertzian covering theory do entirely equivalent jobs. Until
about 1925 physicists had no reason to think in other terms. But
then came quantum mechanics to overturn all ideas of the repli-
cability of experiments on the micro scale. Recall that the Max-
well-Einstein model requires each member of an ensemble of in-
ertial observers to be equipped with his own macro field-
detection instrument, at rest at his field point, and all to replicate
experimental procedures. This, as we noted, causes a conceptual
problem of “collisions,” when the covariant measurement is
made at the instant of coincidence of the field points. To dodge
that, we babbled of “near misses,” but in the weak-field case all
such gestures of accommodation fail.

For, consider the single-photon limit: In the simplest case we
have two Maxwell-Einstein inertial observers with their macro-
instruments coming together to make a simultaneous “measure-
ment” of this photon. Do they both succeed? Of course not. The
photon, by the basic nature of any “quantum” process, can be ab-
sorbed in at most one macro-detector. On a random basis, one of
the two detectors present, let us say, “wins” and makes a success-
ful measurement of the photon’s “field.” The other then necessar-
ily “loses” and measures zero—a big goose-egg! Experimental
replicability thus fails catastrophically. Turn and twist as he may,
there is no way any self-respecting mathematician, not to men-
tion physicist, can represent the one observer’s “zero” as related
by the Lorentz transformation to the other observer’s finite meas-
ured values of the field components. Hence covariance clearly
and manifestly fails irreparably in the weak-field limit. The idea
of universal covariance is a joke, a propagandist’s mantra, an un-
checked flowering of New York Times science. It does not work
even within all electromagnetism, much less within all nature.

Does invariance succeed in this limit? Of course it does, trivi-
ally so—because there is only a single Hertzian macro-detector
present. That either detects the photon or it doesn’t, on a random
basis. The fraction of trials on which it succeeds is related to the
Born (probabilistic) interpretation of the photon’s wave function.
All very neat—no problems, because no “interference” or “com-
petition” among macro detection devices for the weak-field quan-
tum. The upshot, then, is that Hertzian invariance works in both
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strong- and weak-field cases, whereas Maxwell-Einstein covari-
ance works only for strong (or “classical”) fields.

If physics wants to progress smoothly, with integrity and
consistency, into the quantum descriptive domain, it must drop
covariance at the threshold and switch to invariance. (Having
done that, it might as well drop covariance, period ... and all the
elaborate cloud-castle of twaddle with which it is laden.) This is
such a simple and irrefutable argument that I have found it to be-
get an equally simple and irrefutable scientific response: univer-
sal ignoration. The Big Yawn.

Such a response may be bolstered by the modern trend of
philosophers and philosophically inclined physicists to view op-
erationalism as discredited. The urge to see things as either cred-
ited or discredited for good and all is one of the subliminal influ-
ences toward simplism that prevent much net progress of scien-
tists en masse toward adulthood. If physics is to be about what is
“measurable,” it needs to be able to give at least a conceptual or
Gedanken account of how the necessary measurements are made.
That is what I have insisted upon here. I call this “instrumental-
ism” or “operationalism.” Natural philosophers and scholars of
science are notable for sicklying o’er with the pale cast of thought
whatever they view as fundamental in the description of nature. I
decline to chop logic with them about the sicklying job they did
in allegedly “discrediting” operationalism. But I do want to
know: Where have they been all these years since that hatchet
job? Have they mislaid their sicklying gear? Why no sicklying
o’er of the problem of electromagnetic measurement? How has
field theory escaped so long any mobilization of scholarly critical
apparatus capable of probing just how (by what instruments in
what states of motion) the “field” is measured? In other words,
how has covariance, in its imperial nakedness, so long escaped
being laughed at? And for how much longer? Surely modern
scholarship is itself some kind of joke —another weapon in the ar-
senal of political correctness. We seem to have built the kind of
world in which only cynics know how or when to laugh.

2.5 Hertzian wave equation

The first-order invariant wave equation is derived in the custom-
ary way: Taking the curl of Eq. (2.4a), we have in the source-free
case (j, =0
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this last equality following from taking the total time derivative
of Eq. (2.4b). Applying a standard vector identity, 2% we have
o (o ®\ _ofe B\ s 1d°B
Vx(VxB)=V(V-B)-V*B e
where V2=V-.V; and, since V-B=0 from (2.4c), the Hertzian
wave equation—invariant at first order under Galilean transfor-
mations—is

5 1d°B

V°B Z 0. (2.17)

Similarly, taking the curl of Eq. (2.4b) and the total time derivative
of (2.4a) for j, =0, we derive

.= 1d°E

E e 0. (2.18)
Taken together, (2.17) and (2.18) describe electromagnetic wave
propagation in free space (vacuum). These wave equations are
invariant at first order under the Galilean transformation (be-
cause derived from field equations already shown to be invari-
ant). They possess this property by virtue of our having substi-
tuted the first-order invariant operator d/dt for the traditional
Maxwellian non-invariant 6/0t . From this substitution follow in-
teresting physical consequences, several of which we shall pres-
ently explore.

Although the quantity ¢ appearing in (2.17) and (2.18) is in-
variant, in agreement with (2.13), this does not imply that the
physical speed of light is invariant. To explore this, we must solve
the Hertzian wave equation. Applying standard field theoretical
analytic techniques, let us look for a solution of (2.18) of
d’Alembertian type. (For simplicity we may confine attention to
the electric field E , since the results for B are formally identical.)
The solution we seek is of the form E = E (p), where

p=k-F—ot=xk, +yk, +zk —ot. (2.19)
We find that
- *  * )
V2E(p)=| = +—+—|E

=(K+k +k)E'(p)=KE"(p),
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where double prime denotes two differentiations with respect to
p. Similarly, using Eq. (1.8), we have

%E(p){%% ﬁjz E(p)
=(§+ 225, %)+ .v)zjé(p) @.21)

=(a)2—2w(5d-12)+(5d-12)2 E":(a)—(ad%))z E.
Egs. (2.18), (2.20), (2.21) imply
[—kz +Cl2(a)—(z7d E))Z}E =0. (2.22)

From the vanishing of the coefficient of E” it follows that

ck=|w-3,-K or @ _verkp, (2.23)
k k

where k=+k-k . Itis useful to define a wave phase propagation

speed (“phase velocity”) u relative to the observer’s inertial sys-

tem, as

® k
u p o+ p v, (2.24)
The corresponding result in Maxwell’s theory is u=+c. Conse-
quently we see that the universal constancy of light speed (Ein-
stein” second postulate) is not satisfied in Hertzian theory—so a
new kinematics will have to be devised to describe high-speed
motions. That we leave for later chapters.
Evidently, the most general d’Alembertian solution of Eq.
(2.18) can be written, from (2.19) and (2.24), as

E:El[lz-ﬂ(ck—l?ﬁd)t}Ez[iz-f—(ck+12-5d)t], (2.25)

where E,, E, are arbitrary vector functions. Invariance of the field
solutions, Eq. (2.6), implies that E(p):E'(p’). This in turn im-
plies a condition of phase stability, p=p’, or, from (2.19),
k-7-ot=k-7-o't, (2.26)
which describes a constant value of the phase of the propagating
wave field as measured in the primed and unprimed inertial sys-
tems. Suppose we limit attention to the case of uniform motion of
the field detector. Then we can specialize by considering the de-
tector at rest in the primed inertial system, so that ¥, =7, where
¥ is the (constant) velocity of the primed system with respect to
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the unprimed one. In this case, eliminating 7',t' from (2.26) by
means of the Galilean transformation, Eq. (1.2), we find after rear-
rangement that

(E—?)f:dw—wu%ﬂ@). (2.27)

Since 7,t are arbitrary and independently variable, their coeffi-
cients must vanish. Consequently,

k'=k (2.28)
and

o' =w-k-,. (2.29)

The first of these results describes first-order aberration, the
second the first-order Doppler frequency effect of detector mo-
tion. Since stellar (Bradley) aberration is ordinarily described as
an apparent small turning of the k -vector of starlight propaga-
tion, we see that no such apparent turning is predicted by Eq.
(2.28), which asserts first-order invariance of the k -vector. Star-
light from the pole of the ecliptic [for which k-3, =0, hence
|u|=c from (2.24)], cannot depart from constancy in either speed
or direction. A direct way to describe stellar aberration will there-
fore involve a higher-order refinement of the Hertzian theory,
which will be our topic in Chapter 3. Another way will be dis-
cussed in Chapter 7. This k -constancy consideration alone is suf-
ficient to show that unadorned Hertzian theory, as most simply
interpreted, is inadequate to the physics and needs higher-order
refinement. We have worked it out here in detail to show how a
self-consistent first-order invariant treatment can be developed
formally —as well as to provide a model for the higher-order cal-
culation.

The reader should not be disturbed that first-order electro-
magnetic theory is unable to handle stellar aberration. [Maxwell’s
theory does no better, since it shares Eq. (2.28).] SRT claims to
handle it (about that claim we shall have more to say in Chapter
4), but it is a second-order theory. To give invariance an equal
chance to do the job, we owe it a second-order development. The
phenomenon appears to be a first-order effect because of propor-
tionality of the observed aberration angle to a velocity. But stellar
aberration is in fact a much subtler phenomenon than it seems or
was thought to be classically. We shall argue in Chapter 4 that
what it involves is not a directional turning of the k -vector but a
second-order effect of detector motion on light speed. Because of
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the one-way light propagation involved, stellar aberration also
represents a much more important and revealing aspect of the
physics of light than is generally recognized.

2.6 Potier’s principle

Before leaving the first-order development of invariant field the-
ory, it is necessary to revert to some nineteenth-century lore that
has a direct bearing on why the bizarre and counter-intuitive
“convection of light by the absorber,” apparently predicted by
our wave equation solution (2.24), is not in general observable. As
we study Eq. (2.24), we see that it suggests a very counter-
intuitive thing—that motion of the field detector or photon ab-
sorber with respect to the observer changes the speed of light, by
pulling the photons along with it—as it were, convecting them. If
the direction of light propagation, specified by E/k, is parallel to
detector motion 9,, then light speed (“phase velocity”) according
to (2.24) is c+v,, and if anti-parallel it is c—wv,. [This tacitly as-
sumes the choice of plus sign for +c in (2.24).] It might be
thought that such a grossly acausal notion (after all, how does the
photon know about its future absorber’s motion before it has
even reached that absorber?) is directly counter to experience, so
the whole Hertzian fabrication can be dismissed. However, phase
velocities (like photon trajectories and mental “pictures” of light
propagation or other quantum processes generally) are without
directly observable counterpart in nature. Moreover —and this is
the point of immediate consequence —there is a theoretical result
of nineteenth-century physics, known as Potier’s principle, which
makes it understandable that the simplest forms of first-order ob-
servations, such as ordinary laboratory fringe shifts, can reveal no
observable effect on light speed of any additive term of type k-7
entering the expression for phase velocity.

Actually, to be true to history, we should say that Potier’s
principle was aimed at ether theories. It showed that fringes
would not be shifted by any additive phase velocity term of the
form k-V, if V were interpreted as ether velocity. But the
mathematics of Potier’s proof applies to any “V,” regardless of
how interpreted physically. So, it applies here with V interpreted
as detector velocity o,. The principle is discussed in several mod-
ern references, for instance.29211 [t will be derived here for the
convenience of readers to whom such references are not avail-
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able. Nineteenth century geometrical optics is assumed, but pre-
sumably a modernized wave formulation would not alter the gist
of the treatment or result.

Potier’s principle:>1?1 Let two fixed points in an inertial sys-
tem, P1 and P2, of emission and absorption, respectively, be joined
by a light path consisting of 7, connected straight-line segments,
the i one of which may be denoted vectorially as /, = /,&,, where
g =k, / k; is a unit vector of light propagation on the i segment,
i=1,2,...,n,. Let the index of refraction in the vicinity of the i*
path segment be given by a law of the form
n; =1+ag,-V(1+0(V/c)), where a is a scalar constant and V isa
constant vector. [Here O(V/c) denotes any quantity of the order
of V/c in magnitude, considered small.] Then

(a) The total light transit time from P1 to P2 is increased (com-
pared to the <case V=0) by an amount
(a/c)i . V(l + O(V/c)) . where L= ijl'é,, is the vector
(straight-line) distance from P1 to P.

(b) The spatial path taken by physical light in passing from P1
to P2 is unaffected by arbitrary changes in V (for V <¢).

Proof: The time required for light to transit the i path segment is

R ) I
b=—t= =—in, C[1+ag,, V(1+0(v/e))]

Cow (gm) e

LY Ly
=—+alg C(1+O(V/c)) L+, V(1+0(V/c)).

Hence the total transit time from P1 to P2 is
r(7)=30 =15, +E(§:Z}~\7(1+O(V/c))
i1 Cia C\iz1

=T(O)+%E-\7(1+O(V/c)),

(2.30)

where T(0) is the transit time for V =0. This proves part (a) of
the principle. To establish part (b) we invoke Fermat'’s principle,
which states that for arbitrary path variations in close proximity
to the physical light path P, connecting fixed end points P1 and P,
the time of light transit is an extremum (least) for the actual physi-
cal path P. We have just shown that total light transit time (the
only observable) is determined by the constant vector L between
fixed endpoints P1 and P2 , and is independent of the index i,
hence of the particular values of the Zi; that is, independent of the
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detailed geometry of the path between those endpoints. Hence
for an arbitrary constant value of V

T(V) =T(0)+ (Constant for all varied paths). (2.31)

Since T(0) does depend on path and is a minimum on path P, it
follows that Tg—lV is also a minimum on P for arbitrary V .
Therefore the physical path of light—that which takes the least
time—is the same for V #0 as for V =0, g.e.d.

It will be understood that the statement here of Potier’s prin-
ciple in terms of an “index of refraction” is arbitrary and does not
follow history. (Potier’s original formulation treated “ether” mo-
tion in the context of Fresnel’s theory.) The above form of the
principle can be connected to the present work by reference to Eq.
(2.24). Choosing the plus sign for c in that equation and defining
an index of refraction of free space by

— -1 —
c c k . 1k . 2
) e peoles) e
C+—-T,

we see that this satisfies the conditions of the theorem, given the
identifications a = —(l/c) , &= l;/ k foralli and V = 7,. So, just as
ether wind is unobservable in the spatial domain at first order,
the same is true of our apparent phenomenon “convection of
light by the absorber.” (Formally, our identification V =3, im-
plies that we are thinking of the “ether” as convected by the ab-
sorber. That is, the light detector is always at rest in the luminif-
erous medium, or carries the medium with it.) The index of re-
fraction of free space is indistinguishable from unity (the value
for v,=0) by any experiments in the spatial domain (interfer-
ometry, diffraction, efc., related to “path”). This conclusion is as
valid as, and is founded upon, Fermat’s principle. Historically,
Potier’s principle established the futility of all experimental at-
tempts to challenge the relativity principle at first order. It was
doubtless a major motivator of Michelson-Morley’s investigation
at second order.

To interject a personal note, I may remark that I wasted sev-
eral years of experimental effort looking for first-order effects of
“light convection by the absorber,” using interferometry, diffrac-
tion gratings, etc., all with null results. These trials are summa-
rized in Chapter 7 of Heretical Verities.>11l At the time I knew of
Potier’s principle, but failed to make the simple connection from
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ether convection to absorber-motion convection. It is sobering to
find years of laboratory labor obviated by a few minutes of
thought. The same might prove true of theoretical labor, if this
lesson were to be applied more generally.

Does this mean there is no hope of observing any distinction
between invariant Hertzian and covariant Maxwellian theories of
electromagnetism? No, it merely means that effects of the k-7,
phase term will not be directly observable as a basis for the dis-
tinction. Furthermore, part (a) of Potier’s principle leaves open
the possibility of experiments in the time domain. In analyzing
stellar aberration in Chapter 4, we shall find that the Hertzian
second-order phase term has a first-order effect on the observable
phenomenon. Consequently, stellar aberration will play a stellar
role in deciding empirically between the Hertzian and Maxwell-
Einstein views of field theory.

2.7 Sagnac effect and ring laser

In the Sagnac experiment the detector moves circularly in an iner-
tial system, somewhat as in stellar aberration, so one might hope
from the foregoing that such an experiment would cast light on
the issue of Hertzian vs. Maxwellian electromagnetism. Unfortu-
nately, Potier’s principle spoils this hope, as we shall see. In the
Sagnac apparatus monochromatic light circulates around a planar
area A of any shape in opposite directions on a platform, estab-
lishing interference fringes. The platform rotates, along with A, at
angular velocity @ about an axis normal to A located anywhere
(inside or outside A). As a result of the rotation either of two re-
sults is observed in practice,

(a) zero fringe shift relative to the case of no rotation,

(b) a first-order fringe shift of magnitude consistent with a
circulation time discrepancy between the two beams of
At =4Aa)/ c?, this latter result being evidence of the
“Sagnac effect.”

What makes the difference between these two cases? Detailed ex-
perimental conditions, seldom discussed. If, as in the original ex-
periments of Sagnac, there is a good deal of vibration, or if there
is deliberate “jitter” introduced into the light propagation proc-
ess, result (b) is observed. If the apparatus is comparatively
steady and no dither is employed, result (a) is apt to be obtained.
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A jargon has been developed to describe the physics of the
latter case; viz.,, it is called “frequency pulling,” resulting in
“mode locking.” Frequency pulling refers to an empirically ob-
served tendency of the light frequency to shift spontaneously to
the nearest eigen-frequency such that an integral number of wave-
lengths fits the cavity length (or light path optical length). The
cavity then behaves as if “sticky” and carries the standing wave
pattern along with it without a Sagnac shift, as if the apparatus
were not rotating. To cause this phenomenon of mode locking,
some interaction between the two counter-propagating modes
must be present, known as mode coupling, and indications are
that the coupling agency is generally the backscattering of light
from imperfectly reflecting mirrors. Although mirrors of reflec-
tance as high as 99.9999% have been used, there is always some
mode locking. Kelly2'3 (page 52 of his book) comments as fol-
lows:

There was a considerable element of luck in the original
Sagnac experiment. It was later found that the light signals
can lock onto the circuit and mirrors unless there is consid-
erable vibration; such vibration was present in the Sagnac
experiment. In later designs a dither is introduced to en-
sure that locking does not occur. History would, no doubt,
have taken a different turn had the Sagnac test given a zero
result, which would have been the case had the equipment
been rock steady ...

The dithering introduced to combat mode locking may in-
volve a small superposed twisting oscillation about the rotation
axis, or some other ingenious form of perturbation. Physicists
view the phenomenon as not of fundamental physical interest,
but merely as an apparatus effect to be overcome. For purposes of
present discussion, I am willing to go along with this and to ac-
cept that the “real physics” is result (b), above. Let us turn to the-
ory, then, and see how it explains that outcome.

First, what does Maxwell-Einstein theory predict about the
Sagnac experiment? Identifying the laboratory as close enough to
an inertial system, and declaring light always to have speed c in
inertial systems, they note that light circulating at that speed rela-
tive to the laboratory in the direction of platform rotation will
have to go an extra increment of laboratory travel distance As in
order to “catch up” in completing the light circuit, whereas light
circulating counter to the sense of rotation will travel a shortened
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distance As in returning to its starting point. [It is easily shown
for a circular path rotating about its center that As bears to path
length the ratio (v/c)z. However, At=As/v, the time (or phase)
discrepancy, is of first order in v.] When the beams reunite and
interfere to form fringes there will be a travel time discrepancy
At between them, and the first-order fringe shift of outcome (b)
is expected to be observed. This is the prediction of SRT—and of
course of classical first-order kinematic theory as well. All that’s
really involved is a small “travel distance” discrepancy in the lab
for the counter-circulating beams. The physics behind this seems
to be that optical phenomena, like mechanical ones, need to be
analyzed in inertial systems to yield simplest descriptions. This
necessity appears to depend only on the Newtonian theoretical
framework.

The fact that there is a first-order travel time discrepancy At
observed by the rotating platform rider R as well as by the lab ob-
server—both observing the same factual phase discrepancy or
fringe shift—suggests that R must attribute different speeds to
light going in the two directions, since the two beams, starting
simultaneously and traveling equal total first-order distances in
the rotating system, come back to the same place in that system at
different times ... but many Einsteinians cannot bear this implica-
tion, because it asserts a first-order non-constancy of light speed
in a non-inertial system. Other Einsteinians take it in stride, ac-
cepting (Einstein, The Meaning of Relativity, 1922) that “vacuum
light is propagated with the velocity ¢, at least with respect to a
definite inertial system.”

Now let’s look at the same picture from the standpoint of
Hertzian theory. As before, our observer is at rest in the inertial
laboratory, but we note that the light path contains a number of
mirrors, optical fibers, light pipes, or other tangible objects in ro-
tary motion that may be viewed as “detectors” or absorber-re-
emitters of the light. A typical one of these, moving at velocity o,
in the laboratory, will formally convect the light traveling with it,
in accordance with Eq. (2.24) —imparting relative to the labora-
tory a phase speed u = ic+(lZ/ k)-z?d. However, Potier’s principle
applies (given that we conceive of this as a fixed endpoint prob-
lem, owing to the fact that the inertial observer’s field points, source
and sink, are indeed fixed in the lab, regardless of detector mo-
tion) and we are forced to conclude that only the u=+c part of
this is observable, as in Maxwell’s theory. Consequently, with ef-
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fective speed c in the laboratory, we are back to the classical travel
distance As effect, previously discussed, as the only first-order
observable influence on the fringes. Such reasoning predicts out-
come (b), the Sagnac effect. The latter, then, is disqualified as a
means of deciding between Maxwell and Hertz. If the rotating
platform rider R attempts to use Hertzian theory he is also no bet-
ter off than the Maxwellian observer, since for both the detector is
at relative rest (7, =0) and the two theories become equivalent.
Thus both teach the lesson mentioned above, that optical prob-
lems, like mechanical ones, require analysis with respect to an in-
ertial system for simplest description.

The ring laser (often used as a frictionless gyroscope) differs
in significant details from the Sagnac interferometer. In most
cases no dithering is employed, and the observable quantity is
not a fringe shift but the frequency of passage past a fixed obser-
vation point of moving “beats” of a standing-wave pattern set up
in a fixed optical fiber, light pipe, or other light-conducting cir-
cuit, the whole together rotating as a rigid unit at angular fre-
quency o in an inertial system. The formula describing this phe-
nomenon is df =4Aw/AP, where A is the area of the optical cir-
cuit, P the optical (not physical) path length of its perimeter, A
the light wavelength, and df the frequency at which nodes of the
moving “standing wave” beat pattern pass the observation station
at any fixed point along the circuit. Because of the appearance of
a geometry-dependent factor A/P in the formula, the observed df
depends on the shape of the circuit ... but for all shapes and sizes
the observed df is proportional to @. This method has been used
to improve (vastly) on the accuracy of the Michelson-Galel?!
measurement of the spin angular velocity of the earth (which
employed a large-scale Sagnac interferometer).

In the active form of the ring laser the cavity, generally a low-
pressure gas-containing Pyrex tube, square or triangular in pla-
nar configuration, with high-reflectance mirrors at the corners, is
caused to “lase” by electromagnetic excitation. Beats of the result-
ing standing wave pattern move at the frequency df past a detec-
tion station fixed with respect to the tube. A frequency-pulling
phenomenon in such geometry is observed only for small enough
df values, below a certain “lock-in threshold.” Generally, no at-
tempt is made to combat this; but the threshold is made very low,
even into the micro-Hertz range, by using nearly perfect mirrors
to reduce backscatter. Although the experimental details differ
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between the ring laser and the classic Sagnac interferometer, the
gist of the analysis is the same. Hertzian theory, as above, is pre-
dictively equivalent to Maxwellian theory.

Different versions of the Sagnac experiment have been car-
ried out in which the light source rotates with the rotating plat-
form or rests in the laboratory. Similar fringe shifts are observed
in the two cases. This confirms that source motion is irrelevant,
just as the relativists maintain. Further variants of the Sagnac idea
include fiber-optic gyroscopes, fiber-optic conveyors, efc. A
wealth of reference material is accessible on the Internet. The use
of fiber optics allows easy exploitation of Sagnac’s recognition of
the arbitrariness of optical circuit shape. Thus Wang et al.214 have
distorted the circuit shape into linearity on most of the circuit, so
that the fiber motion can be made mainly inertial, parallel and
anti-parallel to light propagation direction. These workers have
demonstrated interference fringe shifts of counter-propagating
light beams in such fiber optic circuits, major portions of which
move uniformly and rectilinearly in the laboratory.

Experiments of this kind are in a way analogous to the Fara-
day experiment in which a portion of an electrical circuit was
moved in a magnetic field. As in that case, they defy conventional
SRT analysis because of lack of an inertial frame in which the cir-
cuit as a whole can be considered to be at rest. Wang’s reported
empirical finding was an optical fringe shift A¢=4m7-d?/ci,
which is a linear expression of the Sagnac formula in differential
form. Wang was under the impression that his observations (of
fringe shifts in optical circuits consisting mainly of inertial por-
tions, with translatory motions instead of rotary) refuted Ein-
stein’s second postulate of light-speed constancy, inasmuch as a
shift must correspond to equal travel distances of counter-
circulating light beams in unequal times (implying light speed
non-constancy in inertial systems). But this can doubtless be
countered by the observation that fringe formation requires cir-
cuit completion, and the circuit as a whole is not at rest in any
single inertial system. When the Lorentz transformation event
calculus is applied to counter-moving inertial systems, it will
doubtless turn out that the first-order situation is saved for SRT
by what amounts to a disguised version of the classical “travel
distance” argument already rehearsed. Still, although SRT may
not be refuted, the physical motions in Wang’s experiment are es-
sentially inertial, and one becomes painfully aware of the possi-
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bility of other, less contrived, explanations of the observations.
Indeed, as Stedman>'®l remarks with a straight face, “it is now
generally recognized that the prediction of [the Sagnac formula]
is remarkably robust to the assumed theoretical framework .... "

2.8 A bit of GPS evidence

The Global Positioning System (GPS) provides further evidence
related to the Sagnac effect and to other topics that will interest
us. We shall have more to say about it in subsequent chapters. Dr.
Ron R. Hatch, a GPS expert, sent me the following e-mail on 24
August, 2005:

Using the GPS system and the clocks set to run at a com-
mon earth surface time ... The range to the GPS satellites is
computed from the transit time from satellite to ground.
The transit time is multiplied by the speed of light to get
the range. But the speed of light has to be adjusted by the
component of the receiver velocity (including the earth
spin) away or toward the satellite. Thus, the speed used is
(c+v) and (c—v). They call it a Sagnac effect even though
the deviation from a straight line during the transit time is
on the order of 10-! meters. I have argued the circular path
has nothing to do with it and in the latest GPS ICD they
admit that any receiver motion in addition to the rotation
must be used in the adjustment.

It is to be noted that the velocity “v” used in the GPS calcula-
tions just mentioned is referred to an inertial system S moving
with the center of a non-rotating earth. In that system the first-
order Hertzian phase velocity of light, Eq. (2.24), is
u=xc+ (E/k) -0, - ctv,, where 9, is the velocity of a detector at
rest or in motion on or near the surface of the spinning earth. The
field point is at rest in S, so Potier’s principle (applicable alike to
one-way and two-way paths with fixed endpoints) again rules
out any observable distinction between Hertz’'s and Maxwell’s
theories. In both theories we are left with a distance effect As, as
in the Sagnac effect ... although in this case because of linearity it
might more aptly be termed a Wang effect. Again, the main les-
son is that simplest descriptions require reference to a “suffi-
ciently inertial” system.

In all these applications, what shall be meant by the assertion
that a reference system is sufficiently inertial? The only possible
answer is that circumstances alter cases. In the original Sagnac
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experiment, to good enough approximation, the inertial reference
system was the laboratory. In the Michelson-Gale version the suf-
ficiently inertial system was one moving with the center of a non-
rotating earth. The same is true for the GPS. In the case of stellar
aberration (cf. Chapter 4), since the tiny aberration phenomenon
exhibits an annual period, a more rigorous criterion of “inertial-
ity” applies, requiring reference to the barycenter of the solar sys-
tem or equivalent. For very long-term observations, wherein the
solar system deviates appreciably from linear motion, the bary-
center of the galaxy might be needed.

2.9 Chapter summary

Hertz’s version of first-order electromagnetic field theory, an in-
variant (under the Galilean transformation) covering theory of
Maxwell’s non-invariant version, has been sketched here. It failed
historically because of a false “ether” interpretation, but when
that is corrected very few observable departures from Maxwell
are predicted. Appearances indicative of a gross Hertzian “con-
vection of light by the absorber” prove deceptive, in that such
putatively acausal effects are shown by Potier’s principle (a con-
sequence of Fermat’s principle) to be unobservable at first order
in somewhat the same sense that “ether wind” is unobservable.
(That is, unobservable in the space domain, as by fringe shifts; the
time domain being another matter, as yet unprobed in the labora-
tory.) The Sagnac effect, in its various guises—because of Potier’s
principle—provides no evidence to decide between the Maxwell
and Hertz pictures of light propagation.

The issue of covariant (Maxwell) vs. invariant (Hertz) formu-
lations of field theory, while not resolvable by ordinary labora-
tory observations, is settled on the side of theory through the in-
tervention of quantum considerations: Invariant (single detector)
theory handles both weak-field and strong-field cases, whereas
covariant (multi-detector) theory works only in the strong-field
limit. Covariance is thus discredited on its home ground, elec-
tromagnetism. Consequently, the historic favor of “discredita-
tion” is returned, a century later, from the Hertz (German) to the
Maxwell (English) political camp. We find, however, that the
Hertzian wave equation, taken in its original context, fails to de-
scribe stellar aberration. For that, the inadequacy of a first-order
formulation is responsible. A “neo-Hertzian” higher-order ap-
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proximation, to be developed in the next chapter, will be found to
do better.
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... the supreme goal of all theory is to make the irreducible basical
elements as simple and as few as possible without having to sur-
render the adequate representation of a single datum of experi-
ence.

—Albert Einstein, On the Method of Theoretical Physics (1933)

Chapter 3

Higher-order Electrodynamics
... (the neo-Hertzian Alterna-
tive)

3.1 The higher-order kinematic invariants

A g the last chapter it seemed that an operationalist or in-
' strumentalist philosophy could contribute to clear thinking
by forcing us to examine the details of our measurement
procedures—if only in Gedanken terms. We found that first-order
electromagnetic theory could benefit immensely from applying
such intellectual discipline. For instance, the reasoned contempla-
tion of how measurements would have to be made ruled out
spacetime symmetry and covariance (through consideration in
the ultimate weak-field limit of the single quantum competed-for
by a plurality of macro-instruments) in favor of true invariance.
Let us see if a similar philosophy can guide us in the labyrinth of
higher-order approximation.

The leitmotif of instrumentalism is the question, how do we
measure whatever it is we recklessly conceptualize in our theoriz-
ing? Pursuit of that inquiry proves to be a relatively painless way
of disciplining our idealizations. The young Einstein took the
lead in asking that question about one of the most fundamental of
physical descriptors, time. His answer hinged upon recognition of
a crucial distinction between (a) inertial “frame time” f, measured
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by a spatially extended set of clocks at rest in that inertial frame
and subject to a specified (“Einstein”) synchronization conven-
tion, and (b) “proper time” 7 of a particle in an arbitrary state of
motion, measured by a single co-moving clock. In my opinion
Einstein’s most enduring and important contribution to relativis-
tic physics was his definition relating the differentials of these
two types of “time;” namely,

dr* =dt* —dr* /¢ = invariant

dr® =dx* +dy* +dz*.
It is understood that all differentials here refer to a pair of events
occurring successively on the trajectory of a single (classical or
macro) particle, as measured by instruments at rest in an inertial
frame in the case of dr,dt, and by a clock at rest with respect to
the particle in the case of dr. It is also understood that on this tra-
jectory “other things” (such as gravity) are “equal.”

This definition was actually a leap of inspiration, not a strict
deduction from observation. It was, however, a most grand and
far-reaching leap—and one for which I can only express admira-
tion ... for it has been copiously confirmed in its implications by
experiments of the sort for which I profess esteem. Indeed, I find
it tempting to make a further leap and promote (3.1) to the status
of fact. This is not because I think such a course logically defensi-
ble, nor acceptable as methodology, but simply because adopting
it here proves to be a great expository convenience, and I am a
lazy expositor. So I hope for the reader’s indulgence; given which,
(3.1) provides us with half of the “facts” we shall need to get
started in developing higher-order electromagnetic theory.

In other words, we define or postulate the higher-order time-
like invariant of physics to be 7 and seek no further justification
for this choice. Why should one have any confidence in this? The
instrumentalist answer is: because we have an instrument that
can measure this “proper time” 7. The instrument is, of course,
the single clock we have alluded to, the one in an arbitrary state
of motion and present at each of the two events bounding the in-
terval dr. Its readings are irrefragable fact, agreed on by all ob-
servers (hence “invariant” under aliasing transformations)—
unlike the non-invariant ¢, which depends on the state of motion
of a plurality of co-moving clocks. Still, once we adopt the Ein-
stein convention (discussed in all the relativity texts, equivalent to
setting distant co-moving clocks by light signals of speed ex-

(3.1)
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trapolated to infinity —see Appendix), t becomes a useful pa-
rameter for linking up any subsequent higher-order refinements
of our first-order physics—for, as will be discussed later in more
detail, its differential (unlike that of proper time) is exact, hence
best suited to “coordinate” representations. In a given inertial
system such a t specifies the distant simultaneity on which de-
pends Newtonian physics, including Newton’s third law, etc.; and
t is also the timelike parameter appearing in all classical theories
of electromagnetism. The last three chapters of this book will be
devoted to developing a slightly different kind of “t”—a “collec-
tive” variant of frame time that will benefit from the virtues of
frame time for many-body description while eliminating many of
its restrictions and allowing it to acquire invariance properties of
its own.

Without apology, then, we shall identify the t of Eq. (3.1)
with the t of our previous chapters, and shall assume that 7 in
(3.1) refers to the invariant proper time of the (point) field detector.
That is, in the context of higher-order electromagnetic field the-
ory, we consider 7 =r,, but here and elsewhere may sometimes
omit the subscript “d” denoting the detector. The latter is located
at position 7 =7(t), measured with respect to a given inertial sys-
tem S, and is in an arbitrary state of motion relative to S specified
by

N dr _drdr
D, =0,(t) Frirre (3.2)
From (3.1) we have in general
dr _

i (dr/dt) / =J1-v°/c E%, (3.3a)

or in particular for the proper time of the field detector clock-
particle
dt 1

o=V =
dr, d J1- vd/c

One can also define a “proper velocity” of the field detector,

- dr  dt dr -
Vy=— =V4%4r (34)

" dr, dr, dt
relative to S, and can obtain from (3.1) a useful general operator
relationship

(3.3b)

a4 _#a_,e (3.5)
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The proper velocity in (3.4) is “invariant” in the sense that all ob-
servers in whatever state of motion will agree on its numerical
value, provided they also measure the event separation d7 in
some agreed inertial system S. Unless d7 is attached to a material
object, it does not, of course, possess invariance in the sense that
different inertial observers assign it equal numerical values with
reference to their own frames (3, and V, both being frame de-
pendent for the description of pairs of independent physical
events).

Pitfalls of analogy: We pause to remark in connection with
(3.1) that Einstein took another closely-related leap of genius,
with disastrous consequences. He and Minkowski jumped to the
conclusion, on the basis of “spacetime symmetry,” that not only
was dr the timelike invariant of physics, but that the analogous
space-dimensioned interval,

do =~-c*dr? =icdr = invariant (?), (3.6)

was the spacelike invariant of physics. To an instrumentalist, this
has no plausibility whatever, because there is no invariant way to
measure such a quantity, no “space clock” to give it operational
meaning. Its invention (out of whole cloth of the mind, without
encouragement from any objective aspect of the physical world)
is strictly an artefact of spacetime symmetry —an alleged “sym-
metry” itself created out of nothing but a parametric deficiency of
Maxwell’s equations—a symmetry which we have seen in Chap-
ter 2 to be physically untenable where adequate account is taken
of Faraday’s observations of induction. Intelligent beings from
outer space, unacquainted with Maxwell’s equations, would be
baffled by the concept of spacetime symmetry except as a possi-
ble aspect of religion, like the three-fold symmetry of the Trinity.
In short, Eq. (3.6) asserts a physical symmetry that is not merely
imaginary but in all likelihood counterfactual. Let us try to spec-
ify the trouble a little more closely.

Operationalist critique: Although I am no philosopher, let me
speak here for the “discredited” viewpoint associated with what
has been called operationalism. I have been able to discern one and
only one way, consistently with the ideology of SRT, to give an
operational definition of the spacelike interval defined by Eq.
(3.6), and this is to make a Lorentz transformation to the inertial
system in which 8t =0; for in that uniquely preferred inertial sys-
tem do =+/5r* —c*st* becomes equal to 67 . That can be measured,
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using as “instrument” a meter stick, so in this case do is not only
a real number but a measurable quantity. However, by this very
token the operationalist must disavow do as a physical invari-
ant—for the fact that only a single preferred reference system ex-
ists in which do can be operationally defined disqualifies that
particular mathematical applicant for candidacy as physics. That
is, the operations involved in the definition of any physical invariant
should conform to a relativity principle: they should themselves
be invariant, not dependent on frame of reference. That criterion
is met by the on-trajectory invariant dr, but not by the would-be
trajectory-linking “invariant” do . The single clock’s usefulness
for measuring the true physical invariant dz holds consistently in
every inertial system. The meter stick’s usefulness for measuring
the alleged “invariant” do holds only in that preferred system in
which it is at rest.

The operationalist sees such an alleged do -invariance as
nonsense. Physical descriptive primacy belongs not to the mental
creation do but to the meter stick itself. That is ultimately what
“invariance,” as well as measurement (which itself needs to be an
invariant concept in order to effectuate a relativity principle), is
about. This suggests that there is no viable alternative to using
or itself as the spacelike invariant of physics. It is spacelike and it
is measurable. Would not the existence of another spacelike, but
non-measurable, invariant be something considerably worse than
a redundancy? If the much put-upon Herrgott made Jr, why in
the name of all vain labors would He also make do ? The ideal-
ized meter stick (in differing states of motion) exists invariantly in
every frame. What it measures, length, exists (why not invari-
antly?) in every frame. Length is the very embodiment—the sine
qua non—of the “spacelike.” Try thinking of space without it. Go
on—boggle your mind ... That’s precisely what Einstein is asking
you to do. The Einsteinians have been down in that boggle so
long it looks like up to them.

Defence of operationalism: Why should one employ operational
criteria_in winnowing physical theories? Consider the case of
do =or* —c*st* for or>cdt, so that do is real. Given input nu-
merical values of or,dt, SRT predicts by paper and pencil calcu-
lation some real number do . In principle the input numerical
values are obtained by measurement. These number inputs to the
theory represent the outcomes of measurement operations we can
perform with real instruments. The operationalist viewpoint is
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that the corresponding output do , being also a real number, should
also have an operational counterpart, a measurement conceivably
performed with some instrument that might be quantified by that
number. In other words, a sort of logical economy is implicit: It is
displeasing to have real numbers floating around in a theory with
nothing measurable “out there” to attach them to. Imaginary or
complex numbers are another matter, but real numbers need real
referents. Any real number input to or output from a physical
theory ought to pay its freight by possessing a referent in the
realm of real-number measurement.

Bridgman’s operationalism was allegedly defeated by its in-
ability to find such a referent for the quantum-mechanical wave
function. That, as I understand it, is the cause and full extent of its
“discrediting.” But the wave function ¥ is not a real number.
When you connect it to reality via ¥ * ¥, it submits to a probabil-
ity interpretation, hence becomes measurable. Real numbers are
c-numbers in Dirac’s terminology. We need to develop greater re-
spect for c-numbers. Both their presence and their absence in a
theory are crucial regulators of the theory’s relationship to reality.
They are in fact its only link to reality. If I may differ from Bridg-
man on one point, “paper and pencil operations” detached from
observability (which he introduced in desperation occasioned by
the wave function issue) are exactly what must be avoided. They
are the whole trouble. Uncontrolled paper and pencil operations
permit the building of unlimited cloud castles of inference. Op-
erationalism serves as a sobering antidote to this potential frivol-
ity and its attendant trivializing of physics. (I judge febrile, over-
imaginative mathematizing to be trivializing ... and the instinc-
tive ability to recognize this to be one of the marks of a physicist.)
The “invariant” do exists only as a paper and pencil operation.
That’s what’s wrong with it. Correspondingly, the strength of dr
lies in its measurability: there is an instrument that will do the job
without reliance on chains of inference. That guarantees the exis-
tence of an aspect of reality corresponding to dr and legitimizes
the claim of dr to “invariance.” do conspicuously lacks such le-
gitimacy.

In summary: concerning the invariants of kinematics, the
physical distinction between (3.1) and (3.6) is that (3.1) asserts an
instrumentally-measurable, objectively real relationship between
two event points on the trajectory of a single particle, whereas
(3.6) asserts a corresponding not-instrumentally-measurable rela-
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tionship between event points on two different particle trajecto-
ries, such that a light signal cannot connect those two events.
When you think about the latter “world structural” proposition,
you will see that it is truly spooky: Here is an alleged descriptor
of “reality,” a number inaccessible to instrumental measurement
and accessible only to calculation, such that even a light signal
cannot check on it; yet we hold it, as an article of faith, to be more
real than our yardstick, more real than the stone that Samuel
Johnson kicked ... because the yardstick and the stone (saith Ein-
stein, forsooth) are non-invariant, whereas the calculated interval
(3.6) is claimed to be invariant. The claim rests on no firmer basis
than beauty (a certain imagined symmetry—and an erroneous
one at that ... ). A calculated number is thus more real than the
stone that bruises our foot. And Einstein in later life disapproved
of spooky things! Remember: Invariance is not something to kid
about ... it is to be used sparingly, with reverence, to describe what
is really “out there” in nature. Should not “really” mean verifia-
bly? Did not Dr. Johnson have the right idea?

So, we are free (and well-advised) to disregard (3.6) and all
the evil empire built upon it, and to postulate a different higher-
order spacelike invariant of physics. What shall we choose? All
the world is at our disposal. The simplest possibility, already ad-
duced, is that object length (measured as Euclidean separation dis-
tance of endpoints) is the higher-order invariant. Here is the ob-
ject. It is part of our experience—that which it is theory’s job to
describe. The object is thus as “real” as our experience, which is
to say as real as we are. If it is real, there should be in our theory
an invariant to match it. Unless there is good reason to seek
something more sophisticated, it makes sense to try that first.
Loose cannons, loose realities adrift without invariant theoretical
counterparts—like loose invariants without counterparts in real-
ity —are surely to be avoided in sound theory. The operationalist
or instrumentalist will point to a meter stick as a perfectly good
instrument for measuring length, and I know of nothing better,
although a yardstick is just as good. We have educated our youth
to higher things, to be sure, but the scorn of youth is no harder to
bear than that of age and century-long tradition. (All
right ... meter sticks are affected by temperature and light waves
aren’t, so no modern experimentalist would dream of using a me-
ter stick for accurate measurement of object length. But he would
use some instrument ... and my “meter stick” is in any case a Ge-
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danken one immune to mundane perturbations. The secret of do-
ing physics lies in the finding of harmless idealizations—those
that reveal more than they conceal. There is no formula for it. It is
an art ... but also a matter of taste, guided by experience. For in-
stance, I happen to like rigid bodies, as will be discussed in Chap-
ter 4—they suit my taste. Relativists abhor them and cannot co-
exist in the same “world” with them.)

Why, indeed, should we seek anything better than Euclidean
length for our invariant? At this point vague rumblings are apt to
be heard from some quasi-physicists about the Michelson-Morley
experiment®!—to the effect that length has to contract to prevent
fringes from shifting, so length cannot be a higher-order invari-
ant. The M-M experiment, to which we have already alluded,
merely extends to higher order the first-order observations of
Mascart?¢l and others of the nineteenth century showing the
physical validity of a relativity principle. Any mathematics that
supports a relativity principle is supported by M-M. And we saw
that Hertz’s invariant mathematics did a perfectly good job of that
at first order. In order to accommodate M-M automatically at
higher order, all we have to do is find a higher-order invariant
counterpart of Hertz’s mathematics. Indeed, we can accomplish
that with almost any choice of spacelike invariant ... but the
choice of object length is surely the first one to try, and we shall
find no need to go beyond it. The proof will be in the pudding.

In summary, then, the ratiocinations of this section have led
us to postulate the invariants of kinematics to be:

. . . _ 2 2/ 2 — .
Timelike : dr = /dt" —dr /c invariant (37)

Spacelike : or = invariant.

These will be our postulates throughout this book —which means
we accord them in effect a factlike status. In (3.7) we use a nota-
tion dr to denote spatial separation of two successive events (of
timelike separation) on the trajectory of a single particle, and dis-
tinguish this from oJr, which denotes spacelike separation of
events marking, e.g., the two ends of an extended structure, a me-
ter stick. [To be entirely consistent, we should be able to speak of
the “distant simultaneity” of such events. The reader must take
this on trust for now, as we defer to Chapter 6 our investigation of
the absoluteness of simultaneity. Here it will suffice that
or =invariant be understood to mean that extended structures
undergo no metric (measurable dimensional) changes, such as
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Lorentz contraction, as a result of relative motion or of changes of
environment, such as gravity potential. In the relativity language,
which we use sparingly in this book, 4 in (3.7) denotes an on-
worldline event separation, whereas ¢ denotes a separation of
events on two different worldlines.] Of course we have not said
anything yet about what the physical “inertial transformations”
are, mathematically, at higher order. (We consider them to be
Galilean at first order.) Nor have we examined higher-order
kinematics. For the moment we take a carefree attitude toward
those problem areas, to be treated later, since electromagnetism is
our immediate concern. Einstein put electromagnetism ahead of
mechanics —making the latter conform to the former. This is a
distorted judgment, but let us accept it for the moment and pro-
ceed.

3.2 Neo-Hertzian field equations

The first-order Hertzian field equations, (2.4), were patterned
faithfully on the corresponding Maxwell equations, (1.1). The
only difference, apart from source term adjustments (resulting
from detector motion), was that Maxwell’s 0/0t was replaced
everywhere by d/dt, where (in both cases) t is the frame time of
an inertial system. To proceed beyond this first-order approxima-
tion, it is evident that we must retain the “total” aspect of Hertz’s
total time derivative and make a further replacement in his first-
order equations of non-invariant frame time ¢ by the higher-order
invariant proper time r of something. Proper time of what? Of
the field detector, of course. We keep coming back to
that ... “fields” being what field theory is about, and “fields” be-
ing what field detectors detect. Recall that we idealize the field
detector as a mathematical point sufficiently massive to possess a
trajectory, so there is no ambiguity about measurement of this 7.
It is the time displayed by a co-moving idealized classical “clock-
particle.” Such a clock or pocket-watch is just one more of the co-
moving instruments incorporated in the multi-purpose instru-
ment composite we have idealized as the “point detector.” The
motion need not be inertial but can be represented by any func-
tion of frame time ¢, which by (3.7) is related to = by

T=I«/1—U§/C2dt, (3.8a)
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where v, =v,(t)=dr(t)/dt is an arbitrary smooth function de-
scriptive of detector velocity measured in an inertial frame. For
v =1v, = const., this reduces to

T =

i (3.8b)
4
where y is given by (3.3a).

As just indicated, we carry forward to higher approximations
the covering theory theme by formally replacing the non-invariant
t wherever it appears in the Hertzian field equations (2.4) by the
higher-order invariant parameter r=r,, the proper time of the
tield detector. Thus the higher-order invariant field equations,
here termed neo-Hertzian, are postulated to be

VxB-——=="2] (3.9a)
cdr ¢

VxEo_198 (3.9b)
cdr

V-B=0 (3.9¢)

V-E=4np. (3.94)

This is a covering theory of the Hertzian first-order equations
(2.4), because 7 differs from ¢ only at second order. Hence, as de-
tector velocity slows relative to our inertial system S, 7 becomes
indistinguishable from t and (3.9) goes identically into (2.4) as a
“covered” case. The latter is itself a covering theory of Maxwell’s
equations, so all the observational-agreement credits of the ac-
cepted school-taught electromagnetic theory automatically accrue
to the neo-Hertzian variant.

The length-invariance Ansatz, Eq. (3.7), carried over from first
order, ensures that the grad operator V remains invariant at
higher orders, as at first order [Eq. (1.3a)]. It also ensures that our
small detector volume does not change its dimensions in any ob-
server’s view; hence, the enclosed-charge count stays the same
and Eq. (2.7) remains true at higher orders:

p'(7,7")=p(7,7). (3.10)
Similarly for Eq. (2.8),
i.(7,7)=1.(F,0)-p(F, )V (3.11)
holds, where in formal analogy to Eq. (3.4) we have from (3.1) a
proper relative velocity of inertial frame S" with respect to S,
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V:%:%%:ﬁ:m (3.12)
roar 1-(v/c
Here the proper time z is that of any point at rest in inertial
frame S'. Evidently in this special case 7z can be identified with
the frame-time t' of S’, and 7 (a constant) is the frame-time ve-
locity of S" measured by instruments at rest in S.

In order to proceed, we need to sketch a higher-order analog
of the Galilean velocity composition law, Eq. (2.1). Consider our
point detector to be instantaneously located at position 7, in iner-
tial frame S’, which moves at uniform velocity o relative to S. At
all orders, its rigorously exact location in S is

f,=7,+0t, (3.13)
where t is the frame-time of S. Transposing and differentiating
with respect to f, we find

C;—rt"’zé—r:—z? - U,=0,-0, (3.14)

the implication being valid only at first order, where t'=t, in
agreement with the Galilean transformation (1.2). Thus we con-
firm our first-order velocity addition result, (2.1). However, if in-
stead we differentiate (3.13) with respect to detector proper time
7, we get

d—azﬁ—ﬁﬁzﬁ—ﬁm (3.15)

dr  dr dr dr
or, with (3.4) and (3.12),

V,=V,-V, (3.16)
which is the proper-time form of our desired higher-order veloc-
ity composition law. In the above calculations we have dropped
the notational distinction between Sr and dr, since it is evident
that spatial-increment lengths are meant in each case with refer-
ence to a particular inertial system. Finally, nothing in our discus-
sion limits the detector to immobility in S'. The result (3.16)
therefore remains valid if arbitrary detector motion V, () in S is
described in S’ by V;(¢') for instantaneous velocities. (Keep in
mind that V is a constant for inertial motion.)

Applying (3.12) in S and in S" we can write out (3.16) in
terms of frame-time velocities:
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Y U
\/1 vd/c \/1 vd/c \/1 v/c
In the simplest case of collinear velocities, say, a particle moving
with speed w=uv,/c with respect to S’, speed u=v,/c with re-
spectto S, and S’ moving with speed z =v/c with respect to S, all
moving along the same line, (3.17) becomes
w o u oz
Vi—w? 1-u? 1-722
for w, u, z each restricted to the open interval between -1 and 1, to
avoid non-physical singularities. [This means, as in SRT, that all
frame-time velocities are limited in magnitude to ¢ as an un-

reachable upper limit (pace tachyons).] The quadratic (3.18) can be
solved for w to yield

(3.17)

(3.18)

-+ /N/D, (3.19)

where

N =2uz1-1*\1-2% +2u*z* —u? -
D =2uzJ1-1*\J1-2* +u?z* -1.

When this w-function is plotted, the choice of roots becomes
obvious. Since the non-collinear case is still more complicated, it
is apparent that this law of velocity composition, based on proper
times, is not simply expressible in terms of frame-time velocities.
Moreover, (3.17) does not describe the most general case of rela-
tive velocity of two arbitrarily-moving particles viewed in differ-
ent inertial frames. It treats only the case of a single particle as
viewed in two different inertial frames ... but it does so by means
of two proper times—that of the particle moving arbitrarily with
instantaneous speed u in S and that of any point at rest in S’ (the
latter proper time being equivalent to the frame time t' in S’). We
defer further discussion of topics related to kinematics to later
chapters, as this would distract us here. For the present all we
need to retain is that analysis in terms of proper times entails
great complexity.

Because our velocity composition laws, (2.1) at first order
and (3.16) at higher orders (actually, simple “addition” laws),
conveniently have identically the same form, all formal aspects of
the invariance proof for Hertzian field equations hold for the neo-
Hertzian ones. The invariance proof for the higher-order case
therefore need not be repeated. We need only pause to note that
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the higher-order “inertial” transformations under which this in-
variance holds, which might be termed “neo-Galilean,” are

F=F-Vr, r'=r1. (3.20)

Here 7' =7 has the trivial meaning that the same clock or particle
shows the same elapsed times as viewed by differently-moving
observers. The general relation

Vdr = y5(dt/y) =dt (3.21a)
[which follows from (3.12) and (3.3a)] can be integrated in the

case of constant ¢ (implying constant V') to

Vr=70t. (3.21b)
Hence the spatial part of the neo-Galilean transformation (3.20)
can be written in traditional Galilean form,

7'=7-7t, (3.22)

while the time part can be written [by identifying ¢’ as t’ for the
case of the detector at rest in S’ and applying (3.3a) with the rec-
ognition that o is constant] as

t'=tly (3.23)

in frame-time (not explicitly invariant) form. This expresses “rela-
tivistic” time dilation without the clock-phase dependence on dis-
tance claimed by SRT. Needless to say, it is the time dilation as-
pect that is confirmed by experiment. (It may be added that
Franco Selleri®? has argued in numerous publications for (3.23)—
which allows for absolute simultaneity —as the physically correct
representation of time dilation. However, he also insists on the
Lorentz contraction of spatial quantities ... and on this we dis-
agree.)

3.3 Neo-Hertzian wave equation

The formal similarity of the higher-order field equations (3.9) to
the Hertzian ones, (2.4), allows us to set down immediately the
neo-Hertzian wave equation by analogy with (2.18),
,=- 1 d°E
vE ¢ dr?

This equation has been treated previously.>!" 33 Considering first
the case that 7, (hence y,) is constant, we shall give two different
derivations of its solution.

Solution using invariant forms. The invariances E'=E of Eq.
(2.6) and c¢'=c of Eq. (2.13) may be assumed valid at higher or-

=0. (3.24)
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ders. Hence the wave equation (3.24) is of manifestly invariant
form. It should therefore be capable of solution by means em-
ploying only invariant quantities. Calling to mind the first-order
wave equation (2.18), namely,
-
V2E- lzd—f =0,
c” dt
and its solution (2.24), namely,

9 -
U=—==%2c+—-7,,
k

k
we have only to introduce higher-order counterparts u* o* of
u,w and to recognize [for example by comparing (3.12) with
(2.8)] that V is the higher-order counterpart of 7, to set down at
once by formal similarity the solution of (3.24) as

*
AN/ (3.25)

k k
Here we have taken account of k* =k, which reflects the fact that
spatial vector quantities such as k behave in a classical way (in
consequence of length invariance, implying Euclidean geometry).
In order to “translate” (3.25) into a more useful frame-dependent
form, we recognize that

w*T=0t; (3.26)
that is, this dimensionless product represents the same pure
number, whether expressed in terms of invariant or frame-
dependent quantities (there being no juncture in the smooth tran-
sition from lower- to higher-order description at which a numeri-
cal discontinuity can occur). Then

o* t dt

—=—=—=y, (3.27)
o 1 dr,
from (3.3b). Hence
0* oy,
ur=——= =uy,, 3.28
2 2 Vi ( )
and Eq. (3.25) can be written with the aid of (3.4) as
u* =uy, =%=ie+%-7/d5d. (3.29)

Finally, dividing through by y,, we arrive at

u:%:i«/cz—vf, +%5d, (3.30)
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which is our higher-order wave equation solution expressed in
frame-measurable form, for easiest comparison with observation.
We shall make much use of this result in what follows.

Solution using frame-dependent forms. This treatment is more
tedious but also more straightforward. As above, we simplify by
considering ¥, (hence y,) to be a constant. Following our
method of solving the Hertzian equation, we seek a solution of
the form E = E(p) , where

p=k-7-ot, (3.31)
the same as (2.19). Then, as in Eq. (2.20), we have
Vi) S Do L) -REG). o
ox” oy° oz

Applying (3.5) with 7 =7, and (1.9), we find for constant y,

ié(ﬁ)wz(ﬁﬁ) VJZE(P)
dr? “Not

=74 B—;wg(@ -§)+(5~§)2:|E(p) (3.33)
~ 72| 0 ~20(5, k) +(5,-F) |E'=ri [0~ (oF)| B

From (3.24), (3.32) and (3.33) it follows that
2 2 .
{kz—i—"z’[a)—(ﬁd-k)} }E"(p)zO. (3.34)

From the vanishing of the coefficient of E" we have
, (3.35)

ck:}/d‘a)—ﬁd-lz

or, dividing by ky, and defining a frame-time phase velocity u as
before, we get

u:%zi cz—v§+%-z§d, (3.36)

in agreement with our previous solution (3.30).

Finally, it is of possible interest to remove the above restric-
tion to constant 7, .

Solution for arbitrary v, =70,(t). In this more general casel®4
we look for a d’ Alembertian solution of the form E = E (p) where

p=k-7-f(t), (3.37)
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k being constant as before and f an arbitrary function that gener-
alizes the previous ot . The spatial part, (3.32), holds as before.
The time part is

4 - d d -
—FE =y, —y,—E . 3.38
drj (P) Va dtyd it (P) ( )

In order to evaluate this, we need to know dp/dt. From (1.9)

W __ (;wd )(xk +yk, + 2k, — £(1))

dt (3.39)
=—f+vdxkx +0,,k, + 0.k, = f+vd k,
where f = df /dt . From (3.38) we obtain
d d = . LTy o Ty <2 T
“E(”EE (P)j =1/aPE'+ vaPE'+ i p°E", (3.40)
with y,=dy,/dt. Use of this and (3.32) in the wave equation
(3.24) yields
(kz 7/dp ]E" 7/,1 (p_,r_}/dpj 0 (341)
¢’ Va

In order for a d’Alembertian solution to exist it is necessary that
the coefficients of both E' and E” vanish. For E' this means

dz_P __(d%z ) dp
dt? dt )dt
Let y=dp/dt. Then
dy _ _i(%jy LW (3.42)
dt dt Y Va

The solution of this is y=b/y,, with b an integration constant.
With (3.39) this yields

L S (3.43)
dt Vi
The vanishing of the coefficient of E” in (3.41) implies that
ck _|dp,
=l \ F+3,- k‘ (3.44)

Taking the absolute value of (3.43) and comparing with (3.44), we
see that |b|=ck, i.e.,
b=xck. (3.45)
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We assume this condition, which assures simultaneous vanishing
of the coefficients of E',E" in (3.41) to be satisfied. Eq. (3.43) then
implies

ck

f=+—+73,-k, (3.46)
Va
whence
f(t)= jfdt—j (+¢+vd kjdt. (3.47)
Va

(Here it will be recalled that ¥, and y, are functions of t.) The
d’Alembertian wave function argument p can always be written
in the form k-7 — ot =k -7 —ukt, which may be considered to de-
fine the phase velocity u. Comparing with (3.37), we see that

ukt = f(t); so
f(t)_+ ARG dt+—j 5Kt
:J_r<1/c —vd>m]+<vd-%>>,

where ( ) denotes a time average over the interval zero to t.

Eq. (3.48) is our desired generalization of the previous results
(3.30) and (3.36), which were obtained for the special case of 7,
constant. It will be observed that the form of the solution is not
affected, beyond introduction of a time-averaging process over an
interval of length ¢t. What is this #? Here we need help from the
physics. Two likely candidates suggest themselves: (1) It is the
propagation time of the photon from emission to absorption.
(2) It is the absorption time interval. The first of these seems ruled
out by common sense, as some starlight (presumably, on the cus-
tomary causal model) has been propagating since long before the
Earth came into existence, and it seems infeasible to “average”
over the motions of an absorber not yet in existence during part
of the alleged averaging interval. More plausible is alternative (2),
since it asks us to average only during an absorption process we
know must be occurring because it constitutes the “field detec-
tion” our field theory is concerned with. Adopting this view, we
can say that as a practical matter the interval zero to ¢ can be con-
sidered so short (of the order of 10 second for single-photon
absorption, or flash duration for a group of photons) as to be
practically instantaneous. Thus the “averaging” is in general an

(3.48)
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unnecessary refinement, and in treating problems of wave (radia-
tion) detection we can view @, in our formulas as having a con-
stant instantaneous value associated with the moment of detec-
tion. However, this question should not be considered settled on
the basis of mere ratiocination. It deserves to be kept open.

The upshot is that all three of the above methods of solving
the neo-Hertzian wave equation tentatively agree on a solution
having phase velocity (propagation speed)

u:%:i,/cz—vf, +%z7d. (3.49)

Referring to Eq. (3.31), we see that the most general
d’Alembertian solution of that equation is consequently

E:E(E-ﬂ—(kq/cz—vj —E-Ed)t)

(3.50)
+E2(1€-7—(k - +i£-z7d)t),
where E,,E, are arbitrary vector functions. Thus the neo-
Hertzian light speed u is not a constant except in the special
(Maxwellian) case of a stationary detector, v, =0.

Our discussion of Potier’s principle in Chapter 2, establishing
the unobservability (by ordinary laboratory techniques of inter-
ferometry, etc.) of an additive term of type k-, in the phase ve-
locity, of course applies here as well. Because of this unob-
servability, little attention need be paid to the apparently
“acausal” aspects of the description of light “propagation” given
by (3.50). Still, there are many who will be disturbed by the im-
plication that the emitter “knows” enough about the future ab-
sorption event to regulate photon speed. It is worth pausing to
note once again that this confronts us directly with the quantum
nature of basic electromagnetic processes—at least those ob-
served in the far zone (“radiative”). Quantum mechanics is fun-
damentally acausal by the very nature of its pedigree, being
based upon a formal Correspondence with a classical instant-
action-at-a-distance form of mechanics.

Moreover “propagation,” as we have repeatedly noted, is
Everyman’s paradise of inference —being as far from direct opera-
tional verification as ever an “ether wind” was. Einstein chose to
think about propagation in exactly the same plodding, causal
way Maxwell did, but without the concrete justification of Max-
well’s picture of contiguous contacts within an ether to flesh-out a
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physical picture of what was doing the propagating. So, Einstein
has left us with mathematical vectors “propagating” (straight out
of our minds) through physical space. Why such fancy-free
mathematical creations should be fettered by further imaginings
of etherless contiguous causal evolution, as if successive ghostly
“contacts” operated upon “vectors” across space, is hard to trace
to anything but cultural inertia of physical theorists or lack of
roughage in their mental diet. In fact, trying to picture what is go-
ing on during propagation is identically the same thing as trying
to picture what is going on in a quantum pure state—for the sim-
ple reason that the photon propagates in a pure state. The dan-
gers of pictorialization are notorious, since they make up one of
the central discovery themes of early twentieth-century physics.
Of course, Einstein didn’t know about that in 1905, and never
wanted to know about it. Can you blame him? He was the last
causal thinker about the quantum world, except for ten million
successors who carry on his tradition to this day by thinking
causally about light propagation ... and being cocksure about it,
at that, by virtue of their unwavering allegiance to Maxwell’s
equations.

Meanwhile, are there published premonitions of acausal
formulations of electromagnetic theory, including non-standard
views of “propagation”? Indeed, many such. Right off the bat we
notice that Maxwell’s equations themselves specify no inherent
preference between advanced and retarded descriptions of
“propagation.” It is we, the users, who superpose that gratui-
tously by selecting retarded and discarding advanced solutions of
the wave equation. That’s our privilege, to be sure, but let’s not be
cocksure about it! As Oliver Cromwell wrote in 1650 to the Gen-
eral Assembly of the Church of Scotland, “I beseech you, in the
bowels of Christ, think it possible you may be mistaken.” A light-
sphere shrinking in acausal response to a detection event is op-
erationally indistinguishable from a light-sphere expanding in
causal response to an emission event. And, of course, light-
spheres have little to do with the quantum reality, anyway —for
all that Huyghens was a great man.

The ambiguity inherent in this situation allowed Wheeler-
Feynman to propound their theory®®° of “the absorber as the
mechanism of radiation.” This employed a balanced combination
of half-advanced and half-retarded potentials, with an assump-
tion of perfect absorption, such that no photon sets out on its
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journey without being assured of an absorber to arrive at. This is
another way of edging up on our present Hertzian suggestion
that absorber motion can influence one-way light “propagation”
speed. And, to assert the (causal) hypothesis that the universe is
guaranteed to be so full of absorbers that no photon is ever or-
phaned (and energy is thus conserved), is surely a postulationally
spendthrift way of achieving what is more efficiently accom-
plished by the (acausal) hypothesis that no photon is ever emitted
without its absorption being pre-arranged. The latter requires us
to feign no hypotheses about the “universe.” Fokker (I lack the
reference, but it can be found in Wheeler and Feynman/®°)) said,
“The sun would not radiate if it were alone in space.” He had the
right idea, perhaps. Another unconventional thinker about pho-
tons and their absorption was G. N. Lewis (who first proposed
the name “photon” in 1926).

Finally, it might be noted that SRT itself provides one promi-
nent opening for unconventional views of light. The timelike in-
terval of that theory, dr, vanishes for any two event points con-
nected by a light signal. This could be interpreted to mean that
the emitting and absorbing atoms are in “virtual contact.” (If I am
not mistaken, this, too, was G. N. Lewis’s idea and terminology:.)
That is, the photon ages by an amount zero during its “journey;”
so the journey is in some sense of zero spatial length (if we take the
photon’s word for it). If we don’t understand that, it may be
merely because we are not photons. These matters are mentioned
here only to bring out the point that spookiness in the description
of light “propagation” is not a private innovation of this writer’s,
but is in fact something of a hardy-perennial cottage indus-
try ... or once was, before the great SRT mental ice age set in
hard.

3.4 Phase invariance

Another implication of the neo-Hertzian wave equation concerns
the transformation properties of phase: The first-order invariant
relation (2.6) applies also at higher orders,

E'(p')=E(p). (3.51)
This implies numerical phase equality, p' = p; hence from (3.31)
k-F-ot=k-7-ot. (3.52)
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This expresses the classical principle of phase invariance. For
simplicity, consider the detector at rest in inertial system S,
which moves with velocity & with respect to S. Then 7, =7 and
the proper time 7, of the detector is equal to the S’ frame time
t'=t/y,, according to Eq. (3.23). Using this and Eq. (3.22) to
eliminate the (7',¢') variables, we obtain

k-7—ot=k-(F-5,t)-a't]y,
or
(k=K)-7=(-k"3, +0-a/7,)t. (3.53)

Since 7 and t may vary independently, their coefficients must
vanish. Hence we obtain the higher-order generalizations of
(2.28) and (2.29):

Coeff.of 7:  k'=k (3.54)
Coeff. of t: o=y, (a) ~k- 77,7,) . (3.55)

The second of these results describes the Doppler effect for
source stationary in S and detector at rest in S'. The first seems
to describe aberration—and to do so incorrectly, by denying that
light propagation vectors are directionally affected by inertial
transformations. Since such an effect of light k -vector turning is a
core teaching of SRT, and since the subject will turn out to have
some subtleties, as well as considerable interest in its own right,
we shall devote the next chapter to the topic of stellar aberration,
basing our discussion there on our principal neo-Hertzian results,
(3.49) and (3.54). For now, let us examine the Doppler effect.

3.5 Doppler effect

Recall that in deriving our Doppler result, Eq. (3.55), we assumed
the detector to be at rest in S’ . Hence the S’ observer sees a mo-
tionless detector, v, =0, and we have the Maxwellian case u'=c¢
and o' =k'c=kc, in view of k'=k from (3.54). The “transmitted”
frequency of the light source, @ = @,, measured in the rest system
S of the source, then obeys

w, =0y, +k-7,, (3.56)
from (3.55); whence

-1 2
o =y, (1+m %) ~ {1—60—”’4{62 +%)(%) +} (3.57)

c
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where /(= (k/ k) Ud / vd is the cosine of the angle between the
light propagation direction and the detector velocity measured in
the source system S, and we have used k-3, = fkv, =(v,0'[c in
(3.56). Clearly, to describe the stellar Doppler effect, it is necessary
to take 0, =7_,,. <, the velocity of the telescope relative to the
star —which is of course different for each stellar source.

Eq. (3.57) is to be compared with a standard result of SRT for
the Doppler effect [see Chapter 4, Eq. (4.2d)]; viz.,

, v v, 1(0,Y
a)SRT=a)0yd(1—£7d)za){l—£7d+5(7dj +} (3.58)

This has been discussed in Heretical Verities.21l [Since 7, is detec-
tor velocity relative to source (S' relative to S), the way of look-
ing at it that employs source velocity relative to the detector must
replace v, by -v,,,. in these formulas.] The neo-Hertzian result
(3.57) agrees at first order with the SRT result (3.58), but disagrees
at second order. Unfortunately, the disagreement is not easily
tested. For the case /=0 of transverse Doppler, the two formulas
agree with each other and with the observationally confirmed
time dilation, to second order, which is all that can be observed
by methods such as those employed by Ives-Stillwell.3¢l For the
case /#0 the first-order term is non-vanishing and dominates
over the very small second-order term. So the older experimental
methods will not serve and no existing data can settle the issue.
However, frequency measurements by modern techniques have
become extremely precise, so it is not out of the question that a
crucial experiment could be devised to allow a choice between
(3.57) and (3.58). This has not been investigated ... but it offers
the possibility of an independent empirical check on other claims
in this book

3.6 Chapter summary

In this chapter we have set up the most obvious form of field the-
ory based on Hertz’s theme of invariance, and have carried this
one step beyond the first-order stage treated in Chapter 2 by sub-
stituting the invariant proper time of the field detector for non-
invariant frame time. The resulting higher-order invariant elec-
tromagnetic theory, which includes the effects of time dilation, we
have termed neo-Hertzian. On the spatial side we elected to leave
well enough alone and try the simplest thing, length invariance
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and Euclidean geometry. In the next chapter we shall see that this
succeeds in describing stellar aberration where SRT (as its sup-
porters are blissfully unaware) fails irremediably. In this connec-
tion we shall be led to propose an astronomical observation both
feasible and crucial, in the sense that it should (if there is such a
thing as a crucial experiment) settle for all time the issue between
invariance and covariance. Here we have prepared the way by
working out in full detail, by three different (but mutually consis-
tent) methods of calculation, the solution of the neo-Hertzian
wave equation. This tells us everything that classical field theory,
amended to make it invariant under inertial transformations, has
to say about the propagation of light.
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Having set ourselves the task to prove that the apparent irregulari-
ties of the five planets, the sun and moon can all be represented
by means of uniform circular motions, because only such motions
are appropriate to their divine nature ... we are entitled to regard
the accomplishment of this task as the ultimate aim of mathemati-
cal science based on philosophy.

—Claudius Ptolemy, Almagest I

Chapter 4

Stellar Aberration

4.1 Appreciation of the phenomenon

4B 4 t may seem uncultured to interrupt the oleaginous flow of
4 ' theory by obtruding an aspect of the real world ... but

physics is about such interruptions and even physicists
cannot indefinitely postpone occasional contacts with physics. I
adopt a disrespectful attitude toward the efforts of my fellow la-
borers in the vineyard of physical description because most have
a side of them of which they are unaware—a side in urgent need
of a thorn. And the thorn is precisely the subject matter of this
chapter, stellar aberration (SA).

Why should a physicist care about SA? (The great majority
don't.) First, because it is one of the few examples of genuine one-
way propagation of light, so it just might have something to teach
us about that interesting subject. More importantly, the facts of
SA turn out to be essentially irreconcilable with special relativity
theory (SRT), the rock on which the church of modern physics is
founded. This is such a darkly guarded secret that you may be
reading of it here for the first time. I wonder if I have earned
enough credit with you to hope for your attention while I outline
the facts and prove the irreconcilability. That will be one of the
main goals of this chapter. As a reason for investigating SA more
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cogent to our present studies, it will be recalled from Chapter 2
that Hertzian (first-order) electromagnetism failed to describe the
phenomenon—and our claim that neo-Hertzian (higher-order)
theory could do better was only promissory. So, it remains to de-
liver on the promise.

Let us begin with the basics. Stellar aberration is a phenome-
non first observed by James Bradley!*!l (in 1728) at first order in
(v/c). Hence it is generally treated as “classical” in nature. This
view is epitomized in Arthur Eddington’s explanation of the phe-
nomenon by his famous “umbrella” analogy: a man with an um-
brella, running at speed v through raindrops falling vertically at
speed ¢, must tilt his umbrella forward through an angle whose
tangent is v/c in order to stay as dry as possible. This deduction
is facilitated by consulting a vector triangle whose perpendicular
sides are v and ¢, and whose hypotenuse is therefore of length
Ve? +9” . The result is correct for rain, and the model rightly sug-
gests that forward in the sense of the Earth’s motion in its orbit is
the proper direction to tilt the telescope. Moreover, to first order
(given proper interpretation of v), the suggested angle of tilt is
correct. However, the fact that the hypotenuse of the vector trian-
gle, representing the relative speed of light traveling down the
telescope tube, exceeds c¢ should alert us that something is amiss.
In fact, if that leg of the triangle is shortened to match the pre-
sumed speed limit c, this closes up the aberration angle to zero.
Thus the phenomenon is not explained at all, compatibly with the
existence of a limit on the speed of light relative to the telescope
tube. So, Eddington’s model does not generalize from rain to pho-
tons, and is in fact quite misleading in its application to starlight.

Another attempt to concoct a first-order model of the phe-
nomenon was made by Bergmannl*?l (in 1946) as follows:
“ ... when a light ray enters the telescope, let us say from straight
above, the telescope must be inclined ... so that the lower end
will have arrived straight below the former position of the upper
end by the time that the light ray has arrived at the lower end.” If
that were true, then filling the telescope with water, which has a
refractive index greater than unity and hence slows the light
passing through the tube to speed c¢'<c, should observably
change the SA angle from tan™(v/c) to tan™(v/c’). The experi-
ment was done by Airy*3l in 1871, with no such result: the water
was found to have no effect whatever on SA. It seems that the
harder people try to over-simplify the phenomenon by classical
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models, the less they understand it. (We may add that Berg-
mann’s book!*? had Einstein’s approval, and that throughout his
life Einstein appears to have over-simplified the SA phenome-
non ... and this applies to almost all modern physicists as well.)

The fact is that starlight gives us a tantalizing glimpse into
the “most quantum” phenomenon in nature, the large-scale non-
local action of the quantum of light. We shall never get closer to a
personal apperception of the quantum world, and of the meaning
of quantum non-locality, as well as of localized process completion,
than we do through the act of viewing starlight. The physicist, if
he is to enter into the quantum world with any degree of under-
standing, must bare his head and acknowledge that he stands in
the presence of something recognizable (for his professional pur-
poses) as holy. In that way he can get over his temptation to trivi-
alize the phenomenon by classical models—including SRT
(which in its handling and entire conceptualization of light is
purely classical). A first step toward grasping the cogency of this
last observation is to review what SRT has to say on the subject.
We shall find that SRT, in its own mathematically impeccable
way, goes every bit as wrong physically as either of the two clas-
sical attempts mentioned above.

4.2 SA according to SRT

In this section we refresh the reader’s memory regarding well-
known textbook material. Our treatment, following Aharoni,*4 is
ponderous but systematic and rigorous. SRT describes a one-way
propagating plane-wave or ray of starlight in an inertial system S
by a four-vector k,= (E,ico/cji u=1,--,4, where k is a three-
vector of magnitude k=27/A=27v/c=w/c, directed along the
wave normal, and v = /27 is the light frequency (as affected by
Doppler effect). In studying SA we may focus attention on mono-
chromatic radiation idealized as plane waves, in recognition of
the great distances of all stellar sources from Earth. For simplicity
we treat our telescope (at rest in S) as situated above the atmos-
phere of a uniformly-moving non-rotating Earth, to avoid all con-
cerns with non-inertiality, or with refraction and dispersion, con-
sequently with distinctions among phase velocity, group velocity,
energy velocity, efc. (The SRT stipulation of strict inertiality is
misleading, because the physics demands non-inertiality of detec-
tor motion in order for SA to become a measurable phenomenon.)
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As with all four-vectors, the sum of the squares of the four
components is an 1nvar1ant in this case zero. Thus z k., =k
=k-k+(iojc) =k*-@*/c* =0 is a null vector. This merely ex-
presses the fact that ck=w or Av=c in vacuum. Propagation in
vacuum takes the photon from its source atom in the star to its
earthly detector, which we suppose to be another atom in the
photodetector of a telescope sharing the state of motion of the
Earth. Our given wave-normal or ray of starlight is described by

E,ico/c) in an inertial system S and by (l_c",ia)’/c) in another iner-
tial system S'. For the moment we refrain from identifying these
systems physically, but shall merely turn the crank of the formal-
ism. According to SRT, the two four-vectors have components
that can be related by the special Lorentz transformation or boost,

ki =y[k +i(v/c)k, ]
k; :kz
k, =k,

K, =y[k,~i(v/c)k ],
where k =k, k,,k,, k, =im/c, )/:1/\/1—02/& , etc.,, v is the veloc-
ity of S’ relative to S, and the relative motion of S and S’ is di-
rected along their shared x-axes. Invariance of the null four-
vector is preserved in S, k'-k' + (za)/c) =k"” -w"/c* =0.

We follow SRT textbook procedures*4! to learn how the k,
four-vector transforms: It is convenient to introduce direction co-
sines f(=cosa, m=cosff, n=cosy in S, so that k= k,, k,, k,
=kt,km,kn, where (*+m*+n®>=1. Since k=am/c, we can write
our four-vector in S as ck, = ol,om,on,io. In S" the same light
ray is described by ck), = @'l',@'m’,w'n,i»". The Lorentz transfor-
mation (4.1) then yields

4.1)

= y[ @t +(iv/c)(iw) | = yoo (¢ ~v/c) (4.2a)
o'm' =wom (4.2b)
o'n'=on (4.2¢)

o' =yo(1-1v/c). (4.2d)

Eq. (4.2d) expresses the SRT relativistic Doppler effect, which was
discussed in Chapter 3, and provides the derivation of Eq. (3.58)
used there. From Egs. (4.2) we obtain the transformation formulas
for the direction cosines,
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® l-vjc
V'=y—(l- = 43
760'( v/e) 1-tv/c (4.32)
® m
':— e 4-3b
" a)’m y(l—ﬂv/c) (4.3b)
n=Ln= " (4.3¢)

o y(1-to/c)

It is a simple algebraic exercise to verify that
0% +m” +n'* =1, so the transformed quantities are indeed direc-
tion cosines in S’. Also, we note that when multiplied by c these
relations reduce to the light velocity composition laws obtained
by differentiating the Lorentz transformation equations
(Moller™®®l). From these general relations we can determine at
once how much the light ray or telescope axis changes its direc-
tion in 3-space in the change from S’ to S. By vector analysis, or
from the geometry of direction cosines, we know that the cosine
of the angle o between the two unit vectors E/k and E’/k’ (ie.,
between the wave normals in S and S') is the scalar product
20'+mm'+nn’. This “classical” relation holds because under the
special Lorentz transformation the spatial coordinate axes in S
and S' retain their parallelism, so directions and changes of di-
rection in the two spaces are unambiguously defined by projec-

tions onto the coordinate axes. Using m’+n’>=1-/>, we find
from (4.3)

Qepr = COS ™ E(K_U/C) m’ n”
SRT { 1-(v/c +7/(1—EU/C)+7/(1—€U/C)}

— cos™ {1—1:5‘);(1—@ )} (4.4)
SOE=OR=IEIEe

c c 6
The expansion of arc cosine in powers of v/c here is a bit tricky
and rather interesting, but since the interest is purely mathemati-
cal we shall take the result as given.
For historical interest, it may be worth a brief digression to
compare with Einstein’s original result. In his 1905 paper*¢l he
gave the formula, essentially a velocity composition law,

c
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cosgp— [ B v
1-pcos¢p’ c
which is very elegant but not very useful. We need to know the
telescope tilt angle oy, =¢'—¢ . The following strategy is as good
as any for worming out this information. Let g =cos¢, q4'=cos¢’.
A Pythagorean right triangle with small vertex angle ¢’ can be

drawn, with hypotenuse 1- /g and long side q—f. The third
(short) side is then of length /1-*\/1-4* , so

J1-821-¢
-

Einstein’s formula shows the symmetry ¢'<>¢,q <> q, S -/,

cosg’ =

7

tang' =

SO
[1 _n2 ’1 _ 12
tang = 'H, 1 .
q+p
Then a standard trigonometric identity!*”! states that
tang' —tang =M ,
cos¢’cos ¢

whence

, \/1_ﬂ2\/1_q2 \/1_ﬂ2\/1_q/2
q[’] - ' :
q9-p q+h
On eliminating 4" by means of Einstein’s composition relation
above, viz.,

sin(¢' —¢) =sinag, =

_q9-P

1-pq’
we get an expression for a,,; as an arc sine equivalent to the arc
cosine expression (4.4). Both show that o, =¢'—¢ can be repre-
sented as the small vertex angle of a Pythagorean right triangle
with hypotenuse 1- g, long side

1-fg-(1-4")(1-V1- ),

q

and short side
Ji=¢ | p-a(1-v1-7) |.

Einstein’s formulas are consistent with these results when g is re-
placed by his cos¢. When g is replaced by /=-sinfcos¢ they
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il

Fig. 4.1. Earth’s orbit in plane 7,i, of the ecliptic, showing Earth’s posi-
tion at azimuth ¢ and orbital velocity v_, ; also fixed k -vector of star-

orb ? ~~
light propagation at polar angle ¢, lying in fixed plane i,,i; normal to
the ecliptic.

are consistent with angles more generally defined as in Fig. 4.1,
so that

£,m,n=-sinfcos¢,sindsing,—cosd, (4.5)

the signs signifying downward propagation of the starlight. Op-
posite signs could equally well be used, signifying upward point-
ing of the telescope. Although only one parameter, /(=
—sinfcos¢, appears in the expansion (4.4), it depends on two
angles, the polar angle € and the azimuthal or orbital angle ¢,
the latter varying with the time of year.

It is well known (since Bradley) that over the course of a year
any given star traces out on the celestial sphere a small ellipse of
semi-major axis 4 and semi-minor axis b, known as the “figure of
aberration.” This ellipse is roughly the projection along the mean
direction to the star of the Earth’s (approximately circular) orbit
onto the celestial sphere. Thus for a star near the zenith (6 small)
the figure of aberration is almost a circle, whereas toward the ho-
rizon (€ near 90°) it becomes flattened into a line. Holding &
constant at some intermediate value, we note that as the Earth
progresses counter-clockwise around its orbit (¢ varying) the
star’s position on the projected elliptical figure of aberration ad-
vances synchronously, but with a 90° phase advance—i.e., in
phase quadrature. When ¢=0° we see from Fig. 4.1 that the
Earth is advancing directly toward the star, and that the aberra-
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tion angle « is a minimum, corresponding to the b-value (semi-
minor axis) of the projected ellipse, «,,, =b. Three months later,
when ¢=90°, o is a maximum, corresponding to the semi-major
axis a,, =a. These extremal properties can be verified directly
from the coefficient v1-/¢* of the dominant term in (4.4): For
$=0°, 1-1* = \/1—(—sin6)2 =cosf@, which is minimal for the
given 6¢-value; and when ¢=90° we have (=0 and v1-/° =1,
which is maximal.

A convenient gauge of stellar aberration that should be read-

ily measurable is the ratio of semi-axes, as predicted by (4.4); viz.,
b_a,, a(l=-sind)

a a,,, a(=0)
cosHsinﬁ(vj cos@sinze(v)2
~ cosf — — |+ —
2 c 3 c
cos@sin 49(1 +sin’ 0) 5 (4.6)
_ 6 v
4 (cj
.2 2 .2
cosdsin 9(-‘1-811’1 9)

4
N 9 (2) e
5 c

The leading term here, cos@, corresponds to the projection of the
Earth’s “circular” orbit on the celestial sphere. Owing to the ellip-
ticity of the actual orbit, these calculations would have to be
modified in application (and small diurnal variations allowed
for), but the circular-orbit approximation, used throughout this
chapter, will illustrate the features we wish to emphasize.

In particular, the crucial point is that SRT predicts a first-
order departure of the shape of the figure of aberration from the
simple classical Earth’s-orbit projection recipe (cos@), corre-
sponding to Bradley aberration. This departure term has a maxi-
mum magnitude at §=45° above the plane of the ecliptic. Since
the angular figure of aberration itself is of the order (v/c) radian
[cf. Eq. (4.4)], to verify alteration of its shape requires measure-
ments of order (v/c)z. Writing in 1946, Bergmannl*? stated that
“the relativistic second-order effect is far below the attainable ac-
curacy of observation.” But since then the observational situation
has changed dramatically. With the advent of the Very Long Base-
line Interferometry (VLBI) system, it is claimed that angles can be
resolved to around 107 arc sec, or roughly 5x10™" radian. The
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value of (v/c) is about 10™ radian for the earth’s orbital motion.
Therefore (v/ c)2 effects, of order 10® radian, should be measur-
able.

An opportunity thus arises for astronomers to perform a cru-
cial test of SRT in an area (special relativistic shape modification
of the classical Bradley figure of aberration) not hitherto probed,
so far as this writer knows. To do this would be an important con-
tribution to physics. However, some form of the VLBI system has
been in existence since the late 1960’s, and nobody has suggested
using it to check the second-order term in Einstein’s prediction,
Eq. (4.4). Why should they? Einstein was right about everything
else, how could he be wrong about that? If you offered ten ran-
domly-selected physics professors the chance to use the VLBI sys-
tem for such a purpose, none would be interested —no career ad-
vancement opportunities there. Why face the possibility of failure
to obtain the politically correct answer—when failure means in-
stant pariah-hood? Besides, they know the answer from a theory
they trust completely. What interests them is the unknown, the
frontier. It is not unlike the case of the savants who declined to
look through Galileo’s telescope. I have not checked, but feel sure
they were academicians to a man. We note an ageless pattern:
Known theory trumps empirical inquiry every time.

The above derivation is conducted in typical textbook style,
in that it leaves the impression that whatever a bunch of mathe-
matics has to say about the phenomenon is all that needs to be
said. In this case that is far from the truth. Much more needs to be
said, as we shall soon see.

4.3 SA according to neo-Hertzian theory

To review the preceding chapters in one sentence: Starting from
Maxwell’s field equations as a covered theory, successive im-
provements in the scope of “invariance” can be achieved by the
formal replacements

O LA 0. 55 5 4,4, (£+5 ﬁj

ot it ot i, D e )
the arrows representing progression from Maxwellian to
Hertzian to neo-Hertzian formulations of field theory. In the dis-
cussion that follows we shall be concerned with neo-Hertzian
predictions alone. The central result from Chapter 3, Eq. (3.49),
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was that the neo-Hertzian wave equation has a d’Alembertian so-

lution for which
u=1c* — v} +(kfk)-3,, (4.7)

where u is light (in vacuo) propagation phase velocity and o, is
detector velocity with respect to the observer’s inertial frame.
Maxwell’s result, u=+c, corresponds to the particular case in
which the light detector is at rest in the observer’s frame (7, =0).
To get a feeling for the situation, let us first apply (4.7) to the spe-
cial case of aberration of light from a star at the zenith. The pre-
sent discussion is based on previous work by the author.*#]

First off, we have the problem, in defining 7,, of where to
place the “observer” in order to specify “the observer’s inertial
frame.” For most purposes of ordinary observation the earthly
lab or observatory suffices as sufficiently “inertial;” but in the
case of stellar aberration, as we have already noted, it happens
that the phenomenon achieves observability only through the
slow annual changes resulting from non-inertiality of Earth mo-
tion. So we must place our observer in a reference system more
nearly inertial than that of the orbiting Earth. Referring things,
then, to the more nearly inertial system of the Sun (or the solar
system barycenter), we have

Oy = Vy, (4.8)
where 7, is the velocity of our detector (telescope) at rest on the
Earth’s surface and 7, is the tangential velocity in the Sun’s iner-
tial system of the Earth (neglecting diurnal effects) in its orbit,
approximated as circular. This orbit defines the plane of the eclip-
tic, to which our ray of starlight k from the zenith is normal.
Thus k-7, =0 in (4.7), with choice of the plus root, yields

u=4c*-v;. (4.9)

We see that the light, propagating straight down from the zenith,
is slightly slowed by a second-order amount. We know also that
for an observer at rest with respect to the telescope tube v, van-
ishes and u =c, in agreement with Maxwell. What can this mean?
Only one possible thing: for the light to have speed c relative to
the telescope tube and speed /¢ -v] relative to the vertical (ze-
nith) direction, the telescope tube has to be tilted away from the verti-
cal. This tilting is evidence of “stellar aberration.” It is a phe-
nomenon whose existence is clearly predicted ab initio by the line
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Va

Fig. 4.2. Vector diagram (Pythagorean triangle) showing tele-
scope tilt angle « for starlight from the zenith, as described by
neo-Hertzian electromagnetism.

of reasoning given here. The predicted angle of tilt for starlight
from the zenith, as shown by the vector triangle of Fig. 4.2, is

3
Aoy =sin' (v, /c) =tan™ (vd/«/cz—vﬁ)zﬁ+%(&j +-, (4.10)
c c

and we may take the sense of tilt to be “forward” in the direction
of Earth’s orbital velocity, to agree with Bradley’s observations.
(The present argument fails to specify the sense of the telescope
tilt, which can nevertheless be deduced from elementary consid-
erations.) Since the wave-normal k -vector is vertical [and is not
affected by inertial transformations, as the invariance k' =k of Eq.
(3.54) shows], filling the telescope tube with water does not alter
the horizontal orientation of the wave-fronts. It does slow the
propagation along the inclined tube direction in the same ratio as
the vertical descent, so the Pythagorean diagram, Fig 4.2, is not
changed, and the tilt angle is unaffected, in agreement with the
observations of Airy.[*31 We recall that the classical diagram corre-
sponding to Fig. 4.2, based on the Eddington “umbrella” model
mentioned above, is also Pythagorean, but with a vertical side of
length ¢ and an hypotenuse of (impossible) length /c*+v] , so
that
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3
aClﬂSSiCll] = tan% (Ud/c) ~ % _%(%j +ee (411)

All theories agree as to the first-order term. Note that neo-
Hertzian theory, according to Eq. (4.9) or (4.10), specifically iden-
tifies detector velocity as the parameter appropriate to the descrip-
tion of SA. Neither light source speed nor source-sink relative
speed enters. Some other theories, such as SRT, are less clear
about identifying what “relative velocity” is involved. We shall
say more about this presently. By coincidence it happens for our
special case of starlight from the zenith that SRT agrees to third
order with the neo-Hertzian result (4.10)—as follows from Egq.
(4.4) with 6=0, ¢=0. However, such agreement does not hold in
general.

Our use of the Sun as a referent in the above discussion was
merely for simplicity of presentation. More generally, we may
consider an initial (pseudo-) inertial system S that co-moves with
the telescope at time t; and a second similar system S’ that co-
moves with it at later time ¢,. Then if 7, is interpreted as the ve-
locity of S’ relative to S, the formula (4.10) and analysis remain
valid with this new meaning of the symbols. The “tilt angle” so
described is the angle of tilt change between changes of inertial
system. Thus we are freed from concern about the Sun and can
recognize that only detector motions need be considered in giving a
complete empirical description of the SA phenomenon. Such a
Sun-free description has been recommended by Synge.[**!

A particular virtue of this perception is that it reemphasizes
and forces us to recognize that the observability of SA arises
purely through non-inertiality of the detector’s motion. If our tele-
scope remained at rest permanently in an inertial system, or if
any integral multiple of 12 months marked the time interval
t, —t,, SA would be unobservable. Thus, if S and S’ are the same
inertial system, ¥, =0 and from (4.10) «,, ;. =0; so there is no
observable aberration (i.e., no change of aberration angle). One
could write Aa instead of o, to be more explicit about this.
[Here, though, we may view o alternatively as the “constant of
aberration,” or angular radius of the near-circular figure of aber-
ration traced out on the celestial sphere over a year’s time by the
image of a star at the zenith. For this purpose Eq. (4.8) applies.]
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Let us now work out the neo-Hertzian analysis for the gen-
eral case of a star not at the zenith. From the geometry of Fig. 4.1
we see that

k/k =i, sin@ - i, cos @ (4.12)
and
3, =—i,0,sing+1,0, COSP. (4.13)
Hence
(lz/k) -0, =—v,sinfcos¢, (4.14)

so that Eq. (4.7) yields

u=4c*-v; —v,sinfcos¢. (4.15)

We may consider the telescope axis to be pointed along the direc-
tion of a “telescope vector” T, which is the negative of the vector
sum (E/ k)u and —7,, just as in the velocity composition diagram
of Fig. 4.2. Then

T= —[(lz/k)u - 551}
=u(fz sin9+f3 CosH)—flvd sin¢+fzvd cos¢ (4.16)

= —i,0, sing + i, (usin @ + v, cos @) + i;ucos O
where u is given by (4.15). The magnitude of T is
sz/ﬁz\/u2 —Zu(E/k).ﬁd +0;
= \/cz — v} sin” @cos’ ¢.
The scalar product of unit vectors T/T and 12/ k is the cosine of
the angle between these vectors, which is our telescope tilt angle

(or rather, tilt angle change associated with change of velocity
vector —7,, as discussed above),

Q1. =COS ™" [(T : I?)/Tk} . (4.18)
Since, with the help of (4.15), we have
T- (E/k) = [—flvd sing+1, (usin®+v,cosg)+ 1,11€0S 9]

-[—iz sin@ -1, cosH] =-u—-v,5infcosg=—/c* —0’.

Eq. (4.18) with (4.17) yields [exploiting the sign ambiguity of the
radical in (4.7)]

(4.17)

(4.19)
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Fig. 4.3. Pythagorean triangle for telescope tilt angle « in the neo-
Hertzian general case of starlight propagating with direction cosine
¢ =-sinfdcosg¢ .

2 — 2

_ -1 d

Qo = COS 2 2 .. 2 2 (420)
¢ —v,;sin” fcos” ¢

For purposes of easiest expansion, this is advantageously re-
expressed as

ot =tan”' {U—d 1_—lﬂ2J
¢ \'1-(v,/c)
( j 1- fz 1+2/¢* )(Cj @21)
(

3+407 + 81"
)( dj e
C

where (=-sinfcos¢, as in Eq. (4.5), and the angles are those of
Fig. 4.1. The simple trigonometry governing passage from (4.20)
to (4.21) is that of the Pythagorean right triangle shown in
Fig. 4.3. Study of (4.21) reveals the same phase effect as was noted
for SRT, such that the motion of the stellar image along the an-
nual figure of aberration on the celestial sphere is in phase quad-
rature with the Earth’s position in its orbit (leading by 90°). Fur-
ther discussion is given in earlier work by the author.[*8!

We record the neo-Hertzian result analogous to the SRT pre-
diction (4.6), viz.,
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tan| 22 cosd
win _ A({=sin0) Jet —v;

b_a
a a,, a(l=0)
tan [\/%] (4.22)
-0
. 2 2 cosHsinZH(ZJrsinij 4
N cos@sin 49(%) 9 (vd)
~cosf+——| = | + Sl Ay R
3 c 5 c

The absence of a second-order term in the neo-Hertzian result,
(4.21), and the presence of such in the SRT result, Eq. (4.4) [or the
absence of a first-order term in (vd / c) in (4.22) and its presence in
(4.6)], is especially to be noted. It provides the basis for a crucial
test to decide between the two theories. We pointed out above
that, following development of the VLBI system in the late 1960,
it appears to have become technically feasible to make second-
order astrometric observations of sufficient refinement to do this.
All that has been lacking is the will. No new apparatus is needed,
just observation time and some peanut bars to defray the labor of
graduate students.

Finally, it may be wondered why Potier’s principle, which
denied the observability of any distinction between SRT and
Hertzian theory in the case of the Sagnac effect, does not do the
same for SA. I believe the reason is that Potier’s principle refers to
a single light path with fixed endpoints; whereas here we may
consider that we have either two light paths (at different times) or
a single light path with an accelerated endpoint. It is worth men-
tioning that both Potier’s principle and Fermat’s principle from
which it derives (which states that physical light takes the “least
time” in going between two points) are cast into limbo by the ad-
vent of SRT. The latter introduces two types of “time,” proper
and frame. Fermat’s principle certainly cannot refer to an interval
of proper time, since that is zero on all light paths. But if it refers
to frame time, SRT informs us that frame time is “meaningless,”
nonexistent because non-invariant. Only some Raffiniert thing of
beauty called “spacetime” is meaningful. So, Fermat’s principle
seemingly dies without burial —another victim of the great de-
stroyer. In Chapter 6 we shall introduce a type of “collective
time” that would allow its reincarnation. I admit I have not given
this subject area much thought. The reader may find it worth-
while to do better.
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4.4 SRT's unrecognized conceptual difficulties with SA

From Eq. (4.21) it will be seen that the predicted neo-Hertzian
constant of aberration depends on v,, which is detector (tele-
scope) speed and is thus unambiguously linked via Eq. (4.8) to
Earth’s speed in orbit,

vV=0,=0,,. (4.23)

Consequently it is in agreement with observation. But the
corresponding parameter in the SRT prediction (4.4), denoted
“v,” is more problematic as to its physical interpretation. Ein-
stein’s attempt in his 1905 paper*®l was disastrous. He simply
made a mistake. It was a very natural mistake (and one often re-
peated by later authorities such as C. Meller*®l and numerous
others cited in a recent article,*1%! a revealing study of the confu-
sions about stellar aberration fostered by SRT but endemic in
both physics and astronomy). It has far-reaching consequences
that even to this day are unrecognized by most scientists. Einstein
assumed v to be the relative velocity between one inertial system
in which the stellar light source was at rest and another inertial
system in which the light detector was at rest. In other words, o
was source-sink relative velocity (radial component, though I shall
generally omit this qualifier to save words), of magnitude

V=00 cink - (4.24)

This was actually a forced move on his part, (a) because of
his general philosophy of “relativism,” (b) because the source and
sink represent the two termini most naturally associated with a
light ray, and (c) because he wanted to assert spacetime symme-
try properties for light-propagation descriptors; i.e., to treat

E,ico/c in a way formally analogous to (7,ict). Now, since the
frequency part w/c of this starlight descriptor is governed by the
Doppler effect, which is known to be dependent on source-sink
relative speed (as noted in Chapter 3, Section 5), this meant that
the same velocity parameter v, with the same interpretation, had
to be used in describing the space part k. The latter described
SA —so it appeared to be a “no-brainer” to assume that the v in
Eq. (4.4) meant source-sink relative velocity, as in (4.24).

But of course that wasn’t empirically correct. The stellar light
sources we see are known to be in all sorts of states of motion,
implying all sorts of values of source-sink relative velocity
v hence leading necessarily to all sorts of calculated o-

source—sink /
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values; yet in fact all stars show the same SA, the same a-value.
The great distance of the stars makes no difference because rela-
tive velocity is unaffected by distance. The “fixed stars” are a fic-
tion of no interest to physics. There is thus no option to use (4.24)
as the velocity parameter describing SA; one is forced by facts to
use (4.23), v=v, =v,,. Here is a plain qualitative conflict of SRT
ideology with observation. The facts are there and the theory
doesn't fit them.

Einstein thus historically made a false prediction of the angle
of stellar aberration—but because he got the right first-order for-
mula, and modern physicists tend to look only at formulas, few
noticed that his interpretation led to a false use of the formula. Did
Einstein ever publish a correction? Not that I know of. Still, one
infers from indirect evidence that he did at some later time tum-
ble to a recognition that his tune had to be changed in regard to
SA. Thus in the 1946 book by Bergmann,*? which had Einstein’s
approval and to which he contributed a Foreword, the Sun has
quietly crept in as a replacement for the light source—so that now
v represents Sun-sink, rather than source-sink, relative velocity.
Sneaky, eh? We still use “relative” velocities, but in this shell
game have smoothly switched one of the referents to an innocent
bystander, the Sun. Quietly, quietly ... so as not to frighten the
horses. A mere prick, you say, yet observe its effect: not so deep as
a well, nor so wide as a church door; but 'tis enough, 'twill serve.
It reaches to the core and draws the heart’s blood of spacetime
symmetry. For if spacetime symmetry holds, it must be that the
quiet switch of referents on the spacelike side applies symmetri-
cally and equally quietly on the timelike side, the frequency or
Doppler side.

But that puppy will neither woof nor whine. It is too quiet to
live. For obviously nobody has described the Doppler effect with-
out using what amounts to source-sink relative velocity —more
exactly, the radial component thereof. The Sun-sink system is to-
tally irrelevant. So, where do we stand? (1) It is essential for time-
like Doppler frequency description—of the sort on which rests
the hypothesis of the “expansion of the universe” —to use a nu-
merically different velocity parameter (v,,,,, ... ) from the one that
is essential to use for spacelike SA description (v,, ). (2) It is es-
sential for the validity of spacetime symmetry and universal co-
variance that the same velocity parameter be used in transforming
both spacelike and timelike parts of any SRT four-vector —because
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a four-vector by definition obeys the Lorentz transformation, and
the Lorentz group of such transformations is a one-parameter
group, that parameter being the relative velocity of two and only
two inertial systems. (3) It is essential to the ideology of SRT that
starlight be described by a four-vector. (4) It is impossible that
SRT be wrong about anything, because we have been repeatedly
informed by experts of SRT’s apotheosis: is no longer a theory but
a fact. It is the fact of facts. Having been created by a demi-god, it
is more factual than facts, more factual than the universe. When
the universe has faded to mere shadows, SRT will still be there,
facting away. No wonder everybody keeps quiet. It’s the only so-
lution for slick tenure and a well-greased career: Universal co-
variance supported by universal quietness. And it works. It has
worked worldwide for a century ... and no reason not to work for
ten more: Ptolemy’s folly worked that long. SRT has acquired the
necessary critical mass of quietness behind it to last ‘til the cows
come home.

4.5 Einstein’s state of mind: a speculation

This is written in the centenary year, 2005, of Einstein’s annus mir-
abilis, and he is much in the public mind, and in mine as well. I
cannot resist speculating that his final years must have been se-
cretly unhappy ones. From the very silence he maintained about
SA over all those years, one is free to imagine that he hoped no-
body would bring up the subject. And apparently nobody ever
did. Any strategy is good that works. He must have known, cer-
tainly no later than 1946 when the overt switch from v, .. to
v,, occurred, that the jig was up for spacetime symmetry. So, I
will hazard the guess that in his later years he knew the whole
subject of SA was sudden death for SRT ... for he had long been
quoted as saying that a single observational failing would doom
his or any other physical theory. And what was this but the smok-
ing gun? —an obvious stress failure of the linchpin of all his theo-
rizing, universal covariance. At symposia he must have lived in
fear of the wrong question from some brash graduate student in
his audience. But he lucked out to the end ... nobody was the
least bit curious about SA. Nobody ever asked

The question: How can both SA and Doppler effect be part of
the same four-vector of starlight?
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And that is true to this day. Einstein may have been unhappy
about the durability sub specie aeternitatis of his system, as one of
his last letters to a friend suggests, but he was also lucky. To keep
the world at one’s feet for so many years, both before and after
one’s death, it helps to be not only wise but lucky. Alternatively,
maybe he never read the elementary parts of Bergmann’s book,
but just dashed off a Foreword and lived out his life in blissful
ignorance of the booby trap buried in the foundational bedrock of
his world system. Let us hope so ... for in a world glutted with
information, groaning under the unwanted datum that George
Washington had teeth of wood, it would be a telling blow to learn
that Einstein had feet of clay.

4.6 A rebuttal

When all has been said, there remains the inevitability of a rebut-
tal from the SRT camp. Relativists have repeatedly shown them-
selves skillful navigators to any port in a storm. I find it easiest to
exemplify this virtuosity in terms of an imagined dialogue be-
tween myself and a hypothetical physics professor:

PHYSICS PROFESSOR: I think in your eagerness to make
rhetorical points you have overlooked a simple fallacy in
the argument you used to attack SRT, and in particular to
“disprove” spacetime symmetry.

ME: What's that?

PP: Do you recall your claim that “It is absolutely essential
for timelike Doppler frequency description to use a nu-
merically different velocity parameter (v,,,., ) from the
one that is absolutely essential to use for spacelike SA de-
scription (v, ).”?

ME: Indeed.

PP: Permit me to point out that I am at perfect liberty to
use v,, in describing the Doppler effect. I would not nor-
mally do this. Nobody in his right mind would. But when
the existence of spacetime symmetry is at stake, on which
all of advanced modern physics securely rests, extreme
measures are justified.

ME: What is the outcome of that parameter choice?

PP: The resulting “Doppler effect” shows a small annual
variation affecting all spectral lines, due to changes of
Earth’s velocity relative to each stellar light source. All in-
formation that differentiates stellar sources—all informa-
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tion about spectroscopic differences between near and far
stars, etc. —is lost, because we have given up access to in-
formation on the identities of the various spectral lines. But
all lines undergo annually a small identical frequency shift
that tracks the Earth’s orbitings.

ME: So spectral frequencies no longer identify the chemical
elements, and the “Doppler shift” no longer identifies ra-
dial velocities of stellar sources, but, symmetrically with SA,
the latter shows a small annual cyclic change, due to tele-
scope motion, that is the same for all stars?

PP: Exactly. This proves spacetime symmetry.

ME: Hmmm ... I see your point. Frankly, I had not ex-
pected the Expanding Universe to be sacrificed on the altar
of SRT’s ideology, but now that you have volunteered such
a trade-off I can see its efficacy. I assume you will now
want to redo cosmology from the ground up.

PP: No, of course not. I discarded the spectroscopic infor-
mation only temporarily, to make a point of principle.
Naturally, it would be foolish to throw away the data we
have from laboratory measurements of spectra of the ele-
ments, concerning the unshifted frequencies of spectral
lines at zero source velocity, from which we can infer the
absolute velocity of stellar source recession, different for
each star.

ME: I see. You are saying that a relativist can use one pa-
rameter, v,,, when one of his cloud-castles of thought,
SRT, is threatened, and another parameter, v, ..., when
another of those cloud-castles, the Expanding Universe, is
threatened. I conceive of such a relativist less as a scientist
than as a chameleon ... a Master of Arts of expediency. I
perceive you as incorrigibly determined to seize any line of
argument to anaesthetize your conscience and enable you
to think about other things.

PP: I perceive you as incorrigibly determined to misunder-
stand science. It was a waste of my time to try to correct
your obtuseness, which I seriously believe to arise from
some form of dementia.

ME: Fortunately, we do not have to bandy epithets. An ob-
jective test of spacetime symmetry, or of covariance vs. in-
variance, is readily available to us. You have only to use
your personal clout with your colleagues down the hall in
the Department of Astronomy to persuade them to make
careful astrometric measurements (using the existing VLBI
system) to verify the “Einstein effect,” a second-order de-
parture of SA from Bradley aberration predicted by SRT.
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This never-verified effect is a beautiful and accurate “sig-
nature” of Einstein, written for all time in the indelible
stars. It should provide a nice thesis topic. It has only to be
looked for. If it is there, I will eat my hat.

PP: Much as I should enjoy that gustatory spectacle, and be
happy to supply the mustard or Tabasco, it happens that I
have better things to do with my time than to pursue such
a foregone conclusion. Everyone knows the inevitable out-
come from theory. I prefer not to be laughed at by all who
understand modern science.

4.7 Another “first test” failure of do: the rigid body

Einstein may have been troubled further in his later years by an-
other unexpected shortcoming of SRT: not only did it fail its first
test against one-way propagating light, it failed its first test
against mechanics. Initially, by his own account, he thought his
theory solely concerned “idealized rigid bodies.” Within a few
years it turned out that the rigid body (of a type defined by Born
as always undergoing the Lorentz contraction in the direction of
relative motion) was deficient in physical degrees of freedom, ac-
cording to a theorem of Herglotz-Noether, 11l and thus had to be
banished as a physically “impermissible idealization.” This dis-
covery must have been for Einstein rather like stepping on a rake.
Suddenly, what the theory had solely concerned became imper-
missible for admission to any physical theory. And, quietly, qui-
etly the big claim became a big bluff: As long as the theory solely
concerned rigid bodies (and particles) it could make the big claim
to be a covering theory of Newton’s mechanics. But, as soon as
rigid bodies were driven from the temple, SRT became a covering
theory only of Newton’s particle mechanics (well ... ahem, al-
most!), not of his mechanics of extended structures ... not of his
first-order physics. But was the big claim to cover the first order
ever withdrawn? If so ... quietly.

Advocates still like to assert or let it be inferred that SRT can
cover the low-speed regime of mechanics every bit as well as
Newton does. But this is not in fact the case. SRT covers classical
particle mechanics reasonably well over short distances. [We saw
from Eq. (1.5d) that the coverage fails over “long” distances
X~ (c2 / v)t , which for t short enough need not be long at all.] This
is true because SRT’s on-worldline timelike invariant dz, Eq. (3.1),
goes over smoothly in the limit ¢ > to the local Newtonian
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first-order descriptor dt. But there is no limit in which the space-
like alleged “invariant,” do =icdr, Eq. (3.6), goes over into any-
thing of conceivable interest to man or beast. Consequently, New-
tonian rigid body mechanics is not “covered” at all. It stands na-
ked of higher-order embellishments, or banished to the limbo of
engineering. SRT cannot handle rigid bodies even at the lowest
speeds, much less at high speeds. This is glossed over by SRT’s
dedicated apologists through hand-waving about the speed of
“sound” in rigid bodies being infinite, which is plainly impossi-
ble, so rigid bodies are impossible. Of course rigid bodies are im-
possible! Newton knew as much. What they are is first approxi-
mations to extended structures (with deliberate neglect of elastic-
ity). As such they are not only legitimate conceptual objects of
scientific study but very useful ones. (Mechanical engineers will
surely not be the sole witnesses to testify to this.) As first ap-
proximations, descriptive of the limiting case in which elasticity
goes to zero, they work perfectly well for many practical pur-
poses at low speeds—and how well they work at high speeds is
not a topic of empirical knowledge.

The thing about rigid bodies, and the reason they clash with
SRT, is that they express the idea of spatial extension in its purest,
logically unadulterated form—free of all considerations of cause
or mechanism. That is bound not to fit with SRT, because by its
basic conception of spacetime symmetry that discipline con-
founds space with time, thus disallowing pure space any concep-
tual breathing-room. (Recall the miraculous-magical, insightful-
fantastical, mathematical-poetical, guru-revealed fading to mere
shadows that introduced physicists en masse to religious experi-
ence.) When you take a pure-spatial object like a rigid body and
force it into a spacetime-symmetrical Procrustean bed, something
has to give ... and what gives is sanity. For surely it is insane to
say, as physics (though it is perfectly true as mathematics), that a
Born-rigid body “loses degrees of freedom,” so that it cannot ro-
tate. Such is merely an over-educated way of saying that we have
over-constrained our problem ... and of evading recognition that
the over-constraint lies in our imposition of spacetime symmetry
upon a physics that will have none of it. Like it or not, space
(purely spatial extension) is there as an aspect, an ineluctable
part, of nature ... and if we cannot face that part squarely we are
going to have to abandon part of our sanity. That is what the “in-
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variance of do” is about—the surrender of sanity to (a contem-
porary majority view of) beauty.

A special relativity catechism:

What is a Born-rigid body?

It is any body that undergoes the Lorentz contraction.
What is a metric standard?

It is any body that undergoes the Lorentz contraction.

What idealization is impermissible for admission to any
theory?
A Born-rigid body.

So, dear student, what metric standard is admissible to
SRT?

To review: SRT begins by analyzing nature in terms of rigor-
ously inertial motions. In dulcet tones of austere logic, it speaks
only to inertial motions. Suddenly in treating matters of spatial
extension it meets contradictions, inconsistencies, unless it can
banish rotations altogether. So, it ends up speaking to rotations,
after all, but raucously. The tones are no longer dulcet. And since
it cannot banish physical rotations it banishes instead, as “im-
permissible,” the property of rigidity, so that physical rotation is
allowed to occur only through the lucky intervention of a physical
property known as elasticity. It’s logical, it’s talmudic, but is it
sane? How far in such a direction will sane people allow them-
selves to be led? The empirical answer: Oh, quite far.

As a point of methodology, to exclude useful approximations
on doctrinaire grounds of forced logic stemming from the need to
avoid contradictions within an extraneous pet theory is (in a sane
world) to cast serious doubt on the said pet theory. In the present
case the doubt is only too well-founded. The classical theory of
rigid bodies exists without reference to physical phenomena such
as sound, gravity, or light. It makes no pretence to truth. It has no
more to do with reality than does the point particle ... both are
simply useful approximate conceptions, earning and deserving
the respect of physicists for their usefulness, not for their truth.
To discard a whole realm of useful classical mechanics because
SRT post hoc declares its basic approximation “impermissible” is
presumptuous folly. SRT would like to claim credit as a covering
theory of classical mechanics, and originally did so ... but then
discovered a failing in itself that necessitated turning that failing
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into an asset. This was done by claiming in effect that a non-
covering theory was better than a covering theory, because the
non-covering theory treated more accurately the behaviour of
“sound” or communication among the parts of an extended
structure. (Actually, this non-covering theory never amounted to
a theory ... it was never more than a theory-spoiler. It did not of-
fer engineers a better replacement for rigid-body mechanics —just
a metric construction kit with menaces but no instructions.)

Improved communication among parts? Shucks, classical
rigid bodies don’t even have parts. Being wholes, of course they
misrepresent inter-communications among “parts,” which are ir-
relevant to any holistic conception. Rigid bodies misrepresent all
details of solid state physics—and are excellent first-approximate
descriptors of extended structures for that very reason. That’s
what idealizations are for. A policy of attacking useful approxi-
mations works against the future of physics by discrediting its
past. I have described SRT1 as a forest fire that swept through
physics leaving only charred stumps of concepts. To declare a
useful idealization impermissible is to place a black mark against
the context responsible for the declaration. Would you not say
that any theory that claimed to give higher-order descriptive ac-
curacy had failed its first test when it failed to “cover” the relevant
first-approximate descriptor? In other words such a candidate
higher-order descriptor is not even able to meet minimum lower-
order descriptive requirements.

Is it plausible that one can whip up out of an imagined
“symmetry” an “invariant” descriptor do of spatially-extended
structures that is not even a real measure of space? And on the
basis of this useless mental creation banish a useful one? SRT got
its foot in the door by mildly promising to give physicists a better
description of high-speed motions, while not disturbing the valid
descriptions of low-speed motions they already had. It went on
grandly to discard those low-speed descriptions it did not like
and to stir up in physicists such an ecstatic frisson of world-
structural insight as to rob them of all traditional caution. And
now such revelation has got its foot firmly wedged in the door,
where will physics go from here? No need to ask—it has long
gone.

Surely (I hear you say) the body of empirical data supporting
such a violent departure from all past conservative physical de-
scriptive policy must be utterly crushing ... overwhelming. But
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no ... look again. The cupboard is bare. There are no data at all.
Data have we none. Evidences are there none. For, to get evidence
supporting directly any of the claims of SRT regarding extended
structures or spacelike description generally, it would be neces-
sary to put an extended structure into motion so near the speed
of light as to be technically infeasible. By the slender grace and
thread of that infeasibility hangs the whole half of SRT based on
invariance of the spacelike interval do . That is the half that tells
us all the gee-whiz “facts” about world structure. SRT, we are in-
formed over and over, is the most extensively confirmed of all
physical theories. Alas, no! The Emperor lacks not only clothes
but legitimate title to the throne.

What exactly is all this endless observational confirmation
that earns for SRT the to-the-death loyalty of Achilles’ myrmidons
and Caesar’s legions? With few exceptions it is evidence that
supports our timelike invariant dr, Eq. (3.7). (The few exceptions
are negligible as evidence, being based on inference from a con-
taminated source, Maxwell’s equations.) That is, the vast bulk of
data supporting SRT are those that confirm the invariance of the
proper-time interval, as they show SRT’s description of on-
trajectory physics to be correct. All high-speed single-particle mo-
tion description fits this category, all the famous “accelerator de-
sign” criteria, even E=mc’. There is nothing in any of this evi-
dence to give a shred of support to any of SRT’s statements about
do, about extended physical structures, or about world struc-
ture. Nor, in fact, is there evidence for the timekeeping symmetry
(among inertial systems) that is integral to Einstein’s theory. On
the contrary, as we shall see in later chapters, there is reasonably
conclusive evidence against it.

4.8 Newtonian point particle mechanics

Though it appears to be another digression, it is worthwhile to in-
terject here a brief inquiry into the foundations of particle me-
chanics, in order to reinforce the above point. It requires only
three short steps to show that the accurate description of the me-
chanics of high-speed particles depends only on the invariance of
dr,not of do:

Step 1. Newton’s second law specifies the motion of a point
particle [correctly at first order in (v/c)] by the formula E,, =m,i,
or more accurately,
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= (Ne d . d d.
ENU" = —mp = —m—F, (4.25)
dt dt dt
where F0" is the traditional Newtonian force measured in the

laboratory inertial system.

Step 2. We postulate (via t — ) a higher-order invariant for-
mal counterpart of (4.25) for single-particle timelike trajectory de-
scription, viz.,

iy _ 4 A d

b = M T ™
where m, is invariant rest mass and use has been made of Eq.
(3.5). Note that in the formulation of (4.26) an invariant quantity
replaces its non-invariant counterpart in (4.25); that is, t >,
m — m,, in place. For utmost generality, m or m, can be consid-
ered possibly to vary with laboratory time t in both (4.25) and
(4.26).

Step 3. The invariant “force” affecting the trajectory of a par-
ticle we define to be related to the force acting in the laboratory

by

7, (4.26)

) = 7E (4.27)
(A similar relationship makes its appearance in SRT, where the
“Minkowski force”*3 plays formally the role of our present “in-
variant” force.) The reason for appearance of the j~factor in (4.27)
is simply that when invariant proper time enters the analytic ex-
pression for force action, as it does in (4.26), a correction is
needed for the fact that laboratory measurements of force F,, re-
fer to “time” measured by clocks running at a different (frame
time) rate. Then from (4.26) and (4.27)

B =y =Ly, 4.29)
which allows the “old fashioned” alternative interpretation of
mass increase, m=m,y =m, / \/W , if we like; or instead
5 — V =0y, if we don't like. Physically, mass variation is a per-
fectly viable and perspicuous concept, despite a recent concerted
attack on it by manifest covariance fanatics.

It is to be noted that force laws of a “spacelike” character,
whose analytic expression makes no reference to time, do not
need the clock running-rate correction factor y and thus trans-
form invariantly [because space variables transform invariantly,

per Eq. (3.7)], i.e.,
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l_fv(spucelike) — F

- (4.29)
This applies, for example to gravitational forces, which derive
from the spatial gradient of a scalar potential function, with no
reference to time. We shall find the distinction between (4.27) and
(4.29) to be of crucial importance when we come to discuss elec-
tromagnetic forces. These two relations are perhaps better viewed
as correction rules applicable to all forces (to allow for the general
operational impracticality of reading invariant proper time from
particle-co-moving clocks) than as “laws of nature.”

Eq. (4.28) is what all the so-numerous (and so-redundant)
high-speed particle observations confirm. At no point in its deri-
vation was any reference made to do . From all the foregoing we
may conclude (a) that Einstein never had an honest covering the-
ory of Newton’s mechanics, and (b) that what success he did
achieve in mechanics could much more simply have been at-
tained by replacing Newton’s non-invariant ¢ with invariant par-
ticle proper time, t — 7, and applying the above three-step ma-
nipulation. Such a procedure yields an honest covering theory,
because there is no space-side fiddling—and no concomitant
paradoxes. In a word, the dread Lorentz contraction is totally ex-
orcised. To open our minds to appreciation of a higher grade of
music, we need to lay aside Einstein’s fiddle.

4.9 Chapter summary

Having established via SA the likely existence of a violation of
“spacetime symmetry,” we need only blow gently on this whole
house of cards to witness its collapse. There never was such a
symmetry. It was born of a parametric deficiency of Maxwell’s
equations, and fails the first test (SA) of ability to describe one-
way light propagation (there being no consistent velocity
parameterization of SA and Doppler effect that will allow both to
coexist as parts of the same four-vector). This alleged symmetry
prevents SRT from being a covering theory of classical rigid-body
mechanics. It seemed to succeed only through mass psychological
persuasive efforts, and a public will to set aside disbelief, analo-
gous to the felt need for religious faith. Operationally, there was
never a shred of plausibility in the spacetime-symmetry notion.
The instruments and operations needed to perform space and
time mensuration, show no symmetry whatever. But it is not
enough to say that spacetime symmetry does not exist. With ref-
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erence to Egs. (4.27) and (4.29), we see that an explicit asymmetry
of the formal mathematical treatment of space and time needs to
be accommodated by physical theory. That the exemplary opera-
tionalist and rock of integrity Percy W. Bridgman failed to chal-
lenge spacetime symmetry is a wonder of the world. (Instead, he
supported it with arguments*1?l I find wholly unconvincing.) It
shows that nobody in its path is immune to the sweep of a reli-
gious movement on the march.

We see in sum that the troubles SRT has with SA on the elec-
tromagnetic side and with rigid bodies on the mechanical side are
complementary aspects of the retribution it earns for postulating
a non-physical spacelike “invariant,” do . Once the sole intellec-
tual support for this alleged “invariant,” Maxwell’s theory, is dis-
carded and replaced by a higher-order invariant description of
electromagnetic phenomena (as in Chapter 3), all justification
(indeed, all possibility) for such a non-physical postulate disap-
pears. The mystique of spacetime symmetry —oblivious as it is of
all operational warnings and contradictory of all common
sense—will die as hard as any other religion ... but die it must,
once the VLBI test of SA is made and reveals SRT for the beautiful
half-truth (hence the half-betrayal of both beauty and truth) it is.
Others have faith in the theory ... I have faith in the observational
test: covariance and spacetime symmetry will be refuted, invari-
ance will be confirmed.

Why am I so serenely confident of the outcome of any honest
observational test of the SA issue? Let me confess: Einstein and
the string theorists have brain-washed me; they have made of me
a lobotomized believer in beauty, damn the torpedoes. But
beauty, as remarked in my Preface, is in the eye of the beholder. It
just happens that I see invariance outshining covariance as the
Sun outshines the Moon. In the beauty sweepstakes, covariance is
to me practically a non-starter. She is the girl bespectacled, who
by me will never get her neck tackled. She is exactly right for the
learned myopes who run physics today —in the grand scheme of
things they were meant for each other. For my money, invariance
is the very name and spelling of beauty.

So, here is my challenge to the relativists: You have made
your SA prediction ... dare to test it. If the SA test by the VLBI
system supports SRT, then everything I have said here rebounds
against me with double force ... and I shall have earned a full
measure of retribution through having begged hard for it. As for
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the relativists, it is not clear what they think they could have to
lose by such a test. If it succeeds in showing SRT’s predicted de-
parture from classical Bradley SA, they add to their laurels and
reconfirm their truths. If not, they can do as they have done in the
past in such situations—question the competence of the experi-
mentalists, muddy the waters, even “modify” the theory to give it
another crutch. Needless to say, the fact that a charge of experi-
mental incompetence will be their first resort acts as one of the
many unspoken deterrents to experiment. The dominance of such
social inhibitions renders the “scientific method” in modern prac-
tice laughable. For that reason there could arise no occasion to re-
fer to it in this book except for comic relief. The Soviets pioneered
politically correct science, but the Americans have honed it to a
cutting edge.
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No man hath certainly known, nor shall certainly know, that
which he saith about the gods and about all things; for, be that
which he saith ever so perfect, yet does he not know it; all things
are matters of opinion.

—Xenophanes of Kolophon, Fragments

“We are not sure of many things and those are not so.”

—Oliver Wendell Holmes (in correspondence)

Chapter 5

Electrodynamic Force Laws

5.1 Electromagnetic force in SRT

4B 4 1 traditional physics we find at work two separate, parallel,
land to some extent complementary themes drawn from
mechanics: Force and energy. In treating electromagnetism,

the force approach fits with field theory —in the sense that the E -
field, for instance, is defined as electric force on unit charge. The
alternative energy approach is much used in quantum mechanics,
since that discipline is normally based on a Hamiltonian (energy)
method. This produces a tension, in that effects such as that of
Aharonov-Bohmf>1l seem to favor physicality of the (energy) po-
tentials, whereas field-theoretical doctrine insists that only the
tields (forces) have physical meaning. Maxwell himself never en-
tered this debate, since his formulation>?l employed potentials
and did not represent the modern exclusively field form of “field
theory” (which was due to Heaviside and others). In “conserva-
tive” situations the two can generally be reconciled by expressing
forces (fields) as derivatives of potentials. (A physical situation is
conservative if idealized in such a way as to banish externals as
irrelevant—in which case energy has no place to come from or go
to, so it must be “conserved.”) Thus in terms of an electric scalar

Old Physics for New: a worldview alternative to Einstein’s relativity theory 99
Thomas E. Phipps, Jr. (Montreal: Apeiron 2006)



100 Old Physics for New: a worldview alternative

potential ¢ and a magnetic vector potential A the electric and
magnetic fields in Maxwellian field theory are represented!'-!l as

B, g1 B _G.i. (5.1a,b)
c ot
In view of the Aharonov-Bohm evidencel®!, the question re-
mains open, whether the fields or the potentials are more funda-
mental in physics. The issue is often settled by doctrinaire pro-
nouncements in favor of fields, usually bolstered by unanswer-
able dicta about “gauge invariance.” Like spacetime symmetry,
gauge invariance is either trivially obvious or somewhat dubious.
We shall not go into that here, but advise keeping an open mind.
The Maxwell field equations, (1.1), define (with the help of
boundary conditions) an electric-field solution E,, that seem-
ingly ought—since “charge” is electric and since electric field is
force on unit charge—to tell us the force on unit charge. But
no ... it turns out that, although motion is “relative” (so that
“moving” and “static” are not invariant concepts, hence not
“meaningful”), moving charge is different from static charge, so
our definition of “force on charge” is in need of redefinition. Sure
enough then, in conventional electromagnetic theory we sol-
emnly march up this same hill once more and concoct a brand-
new postulate, a Lorentz force law, to treat the case of force on
moving charge,

FLor zq(EMax+%XBMaxj’ (52)

which expresses the electromagnetic force actually exerted on
electric charge 4. Here o is the velocity of charge g in the ob-
server’s laboratory or inertial system, and the field quantities are
as measured at the observer’s (stationary) field point—where also
the force is exerted and the charge is instantaneously located.
Since the moving test charge g here acts as a sensor of the field, it
is apparent that the “o” in (5.2) is the same parameter as our
previous detector velocity o, .

Notice, then, that the charge moves through the field point
with velocity ©=7%,. Thus, finally, finally, in (5.2) field theorists
force themselves to recognize that charges can move with respect
to the field point. Electric charge (acting as sensor or “field detec-
tor”) is not, after all, absolutely fixed there for all time, as Max-
well’s equations plainly have it. (It takes a postulate to break a
postulate —the irresistible force that moves the immovable object.
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During 150 years, no mathematician or logician has objected to
postulates contradicting postulates in electromagnetic field the-
ory or elsewhere in physics, as far as I can discern.) And when
that relative motion of charge occurs—what do you know?—
something physically new happens: a “magnetic” action on “elec-
tric” charge ... resulting just from relative motion! The wonders
of the axiomatic method will never cease.

To reiterate, the Maxwell field equations do not allow sinks to
move with respect to field points—those equations not being pa-
rameterized to allow such motions. (That non-parameterization is
precisely and solely what gives rise to spacetime symmetry.) In
previous chapters we have condemned this as a manifest short-
coming of established field theory. Suppose, as advocated there,
we had chosen from the start an invariant (Hertzian or neo-
Hertzian) formulation of the field equations themselves, such that
sink (or “test charge”) motions with respect to field points are al-
lowed ab initio through being described by the “detector velocity”
parameter 7,. Then might we not anticipate that a law of force on
electric charge analogous to (5.2) would “fall out” automatically
from such adequately parameterized field equations, without
need for extra postulation? Would that be too much to hope for?
Let’s look into this.

5.2 Neo-Hertzian force law

In neo-Hertzian electromagnetism our standard procedure is to
replace Galilean non-invariant expressions such as (5.1) formally
with their higher-order invariant counterparts. Thus, invariant
forms of the field quantities, which we have termed neo-
Hertzian, can be expressed in terms of potentials as

Eo—vg-144 B _GLA. (5.3a,b)

cdr,

These are consistent with and derivable from the neo-Hertzian

field equations (3.9). Thus the second follows from (3.9¢), since

the vanishing divergence of B=B,, = B,, implies that this quan-

tity can be expressed as the curl of some Vector field, and the first

follows from putting (5.3b) into (3.9b), with E=E, =E,, and
r=1,, toyield
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This vanishing of a curl indicates that the bracketed expression
can be equated to the gradient of some scalar function, which im-
plies (5.3a). The fields will then transform invariantly,

Ei'nv = Einv’ Bi’rw = Eim)’ (54)
under the neo-Galilean inertial transformations [Eqgs. (3.20),

(3.22), (3.23)] provided the potentials also transform invariantly,
g=¢, A=A. (5.5)

Unfortunately, an invariant form such as (5.3) is not directly
useful to the laboratory worker, since it quantifies time by read-
ings of a clock co-moving with the test particle (“detector”)—
something not readily verified in practice. The situation is pre-
cisely the same here as it was for the mechanics of particle mo-
tions, Chapter 4, Section 8. We must recognize, in order to trans-
late from the invariant-force form to the more useful laboratory-
force form, that the E,B fields are forces (per unit charge) and
that they transform according to the rules laid down in Eqgs. (4.27)
and (4.29) for mechanical forces—by extrapolation construed as
rules for all forces.

The first step in this translation is to separate the forces into
spacelike and timelike parts. The B -field is easy, since it is purely
spacelike [as (5.3b) shows], and so is directly invariant according
to the rule (4.29). That is,

By. =B, = BY™" =B =B, =VxA. (56
There is nothing new here. But (5.3a) requires us to recognize that

we are attributing to E,, a mixed character, as the sum of an in-
variant spacelike part obeying (4.29),

E(spacelike) — El(:lflﬂfflike) — _§¢ , (57)

which resembles a static gravitational potential (being without
time dependence), and a timelike or “magnetic” part, dependent
on motion of the test charge, viz., from (5.3a),

B - 1282, 22, 68)

cdr, c " dt

where ¢ is laboratory frame time and use has been made of Eq.
(3.5). This is a force on unit charge obedient to the rule (4.27),
which reflects the different clock rates linked by y,; namely,

E(timelz‘ke) — 7/d E[(ut;melike) , (59)

inv
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whence, wigh the aid of (1.8), the laboratory-observable magnetic
part of the E -field is seen (by cancellation of y, factors) to be

- 1dA  1(0A L\ =
Eltmeie) — 2220 — 21 224 (5, -V)A |. 5.10
T C(at (3.-9) J (5.10)

The total force on unit charge, or electric field, observable in the
laboratory, is the sum of timelike and spacelike contributions,
(56.7) and (5.10),

Elah — El(:lfmcelike) + El(at;melike) — _ﬁ¢_1i{_‘?
1[0A 1 C 61D
_ 9 YA 1 o)Al
¢ c[@t c( ! ) ]

The fact that “electric field” is thus represented as a sum of
completely disparate contributions, timelike and spacelike, sug-
gests that field theory may be concealing more than it reveals.
That is, the physical mechanisms behind these two parts could be
completely different (e.g., spacelike possibly via acausal action of
virtual particles, timelike via causal real particles—uncompleted
vs. completed quantum processes). But it fits the spirit of our
times to view any successful glossing-over of physical aspects as
proof of the power and insight afforded by mathematics. Thus it
is mistakenly represented that mathematical understanding can
substitute for physical understanding. Those who think in this
way will still be propagating the mistakes of their ancestors a
thousand years hence, since their mode of appreciating nature
lacks external corrective mechanisms and admits of no openings
for objective progress.

Some massaging can put (5.11) into a more recognizable
form, as follows: A standard identity!?? for vector fields [i.e., vec-
tor functions of (x,y,z,t)],

V(@-b)=(a-V)o+(b-V)a+ax(Vxb)+bx(Vxd), (5.12)
when specialized to d=9(t) and b= A, yields the simpler iden-
tity

(3:-V)A=V(5-A)-5x(VxA). (5.13)
[Note that the Lagrangian form 7 =9(t) here is not a vector field,

hence not subject to spacetime symmetrical analysis.] With the
help of (5.13), (5.11) becomes



104 Old Physics for New: a worldview alternative

E,abz—ﬁgﬁ—l(%w(a A)—adx(ﬁxix)]. (5.14)
With (5.6) this yields
E,ab=—ﬁ¢—1% ﬁxBMm—lﬁ(ad.A). (5.15)
cot ¢ c

The last term here, being the gradient of a scalar quantity, in-
tegrates to zero around any closed circuit. Since, according to
Maxwell, current flows only in closed circuits, it is apparent that
this term would be difficult to observe under normal laboratory
conditions. Nothing of the sort has ever been reported as ob-
served. Since current actually does flow (at least sporadically) in
open circuits—antennas, plasmas, etc.—it is not impossible that
experiments might be devised to test this last term. However, in
lack of positive evidence, it might be considered justifiable to
drop the last term in (5.15) as (tentatively) unobservable. We are
then left with

10A 7,

E,=-V¢ Py T -

An advantage of dropping the extra term is that it permits a

Lagrangian formulation, L=T-U, where U =g¢—(q/c) A-Disa

Lagrangian “generalized potential” without physical significance

but having the formal virtue of allowing laboratory-observable

force to be represented as “generalized force” in the Lagrangian
format; e.g., for the x-component,

ou d 8[1

+
g ox dt 60

This possibility is lost if the extra (last) term in (5.15) is retained.
Like other formal amenities, however, such as covariance, this
one does not speak directly to the physics ... as (I insist) invari-
ance does. (For an excellent summary on use of the Lagrangian
method in electrodynamics, see Goldstein.>3l My personal bias is
against Lagrangian methods, except where they happen to work.
This is because they stand or fall in toto upon our ability or lack of
it to contrive a “generalized potential” U having no recognized
connection with measurable aspects of physics, but simply con-
forming to a formal rule. See, however, the discussion of a rela-
tionship of the Lagrangian to “action” in Chapter 8.)

x By, - (5.16)
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Now suppose that instead of postulating a separate force law
for force acting on charge g, as is done in Maxwellian electrody-
namics, we recognize that the neo-Hertzian electric field in and of
itself suffices to describe the entire electromagnetic force on arbi-
trary electric charge—moving or not. That is, E,, in either (5.15)
or (5.16) represents by definition the laboratory-observable force
on unit test charge. Considering (5.16) to describe what is observ-
able in the laboratory as force on single unit charge, the force on a
charge of g units is naturally understood to be g times greater; i.c.,

- 10A 0, =
Iab quﬂh (—V¢———+ : BMaxj
cot ¢

) (5.17)
:q(EMux_l_&XBMuxj ﬁLar’
Cc

where use has been made of the Maxwell E -field definition, Eq.
(5.1a). In this case we see that our neo-Hertzian force law, (5.17),
and the Lorentz force law, (5.2), are identical. So, our present
theorizing has nothing new to offer experimentalists, apart from
whatever can be made of the extra gradient term in (5.15), which
generalizes (5.17) to

- - 1-,. -
Fy=qE, = ‘7( Mx+7deMax_zv(Ud'A))
(5.18)
=F

Lor

q - —

cv(vd A).
It is to be emphasized that this lab-observable total force on elec-
tric charge g is strictly electric—yet it includes the “magnetic” ef-
fects associated in traditional theory with charge motion. The
physics is in the motion of charge ... forget a separate concept of
magnetism. Ampere knew this. Heaviside took a step back from it
by insisting on distinct electric and magnetic fields.

Since the extra (non-Lorentz) force term in (5.18) exerts no
observable action on closed-circuit currents, testing this extra
term requires experimental conditions in which current does not
flow in closed loops. In this connection it is worth mentioning
that anomalous diffusion rates in plasmas, which were at one
time in the past reported, might conceivably be accounted for by
means of the non-Lorentz term in (5.18), applied to the descrip-
tion of evanescent currents due to fluctuating charge distribu-
tions. Random currents of this kind do not in general flow in
closed loops. Such observational confirmation would be most
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gratifying from the standpoint of validating a preference for in-
variance over covariance. Since I have no access to empirical data
on plasma diffusion characteristics (and lack the needed compu-
tational resources), such a possible validation lies beyond my
personal capabilities. I must therefore leave open the question of
observational support for a modification of the Lorentz force law
based on Hertzian invariant field theory.

It may be of some interest in this connection to note from
(5.18) that the force observable in the laboratory depends on the
sum of gradients of two scalar quantities. Thus a sort of superpo-
tential y =¢+3,- A can be defined, such that the associated force
term takes the form —qVy = —ﬁ(q¢+fd -;1), where I, =g, is the
current represented by motion of the detector or test charge g in
the observer’s inertial frame. The presence of the extra A-term
here might be revealed by experiments conducted in the vicinity
of long or toroidal solenoids. Conceivably, the Aharonov-Bohm
experiment may qualify as an example, despite the severe mud-
dying of the interpretational waters that has taken place.

At the moment of writing I have no reason to doubt that a
full and correct field-theoretical description of physical electro-
dynamic force, if such exists, would include all terms indicated in
(5.18). [Recall that the physics is not constrained by any a priori
demands of symmetry or covariance.] If so, then (5.18) is a more
satisfactory expression for electrodynamic force than (5.17). Eq.
(5.18) may be compactly written [in accordance with (5.11)] as

- _ - 1dA
Fy =qE :El(_v¢_zgj

:q(—§¢—%|:%+(5d ﬁ)AD.

To be sure, this explicitly destroys Lorentz covariance, but here
we choose to view that as no loss. Physicists have come to wel-
come covariance as an invaluable dictat that enables them to limit
the circle of their thoughts. The result is that they have closed
their minds to everything outside that circle. The question—Ilet it
trouble such people or not—is whether Mother Nature’s mind is
equally closed.

In connection with (5.19a) it is of interest to note that the
“magnetic” part of the force observable in the lab, namely,
—(q/ c)d;\/dt, is formally analogous to the (total) time rate of

(5.19a)
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change of particle momentum in mechanics. In fact, Dirac based
his quantum theory of the electron on the generalization of me-
chanical momentum p to

Pop+lA, (5.19b)

a

so that (e/c);l, or in our notation —(q /c);l, is treated as an “elec-
tromagnetic momentum,” additive to the mechanical p. This
makes sense, of course, only if one is taking total time derivatives,
F,, =dp/dt, not partial ones.
To wind up matters of formalism, we may mention that a
manifestly “invariant” form
d 0 (5 =
= +(V-¥) (5.20)
is valid, analogous to Eq. (1.8). (Here 1% =df/dr = yv.) The proof
uses (3.4), (3.5), and (1.8),
d d 0 (= & 0 .3 0 (5 o
R }/dt (Gt (v V)j yat-l—(}/v V) ;/at+(V V).
On comparing this with (5.20) we observe that
0 0
. =y Pt (5.21)
a formal analog of (3.5). Eq. (5.20) allows (5.3a) to be written op-
tionally as

E, =—v¢——(%+(v v)] (5.22)

c\ o,
which could be further re-expressed by applying the identity
(5.13). Similarly, not only do we have F, =gE,, from (5.17) or

(5.18), but also

=qE,, = ( v¢_1d_A] Fspacelike) | (timelike)

cdr, | ™ (5.23)

—qE (spacelike) +qE(t1mellke)/

and so on ... such manipulations being of primarily formal inter-
est.

Apart from speculation about a possible extra force term,
then, the upshot is that we have come back full circle to what was
known, the Lorentz force law, (5.17). Does this mean we have
gained nothing? No, I think we have gained something of beauty;
namely, a set of field equations that not only provide an invariant
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covering theory of Maxwell’s equations, but that describe an elec-
trzc field vector comprehending the full force F, =gE,,, or

E, =qE,,, acting on electric charge g (whether moving or not
moving with respect to the field point). This direct linking of elec-
tric force action to electric charge, with elimination of “magnetic
force” as such, improves the coherence of the physical concept of
“electricity.” It also improves the logical economy of electrodynam-
ics by reducing the postulate count—inasmuch as Maxwell-
Einstein theory necessarily treats the Lorentz force law (which al-
lows the test particle to move with respect to the field point) not
as a deduction from the Maxwell field equations (which deny
such motion) but as an additional postulate. Since the additional
postulate permits exactly those test charge motions that were for-
bidden by the field equations, this new member of the postulate
set contradicts the old ones. I find this an example of ugliness
within established physics; but have already remarked that
beauty is in the eye of the beholder. In a long lifetime I have
found few beholders—none in the profession of physics—who
share my aesthetics in this matter. The firmly established norm
seems to be to make postulates and then to make more postulates
that contradict those already made.

5.3 Evidence of the Marinov motor

Concerning the extra non-Lorentz force term in (5.18), it should
be mentioned that its confirmation would drive the last nail in the
coffin of conventional field theory, as it asserts that vector poten-
tial, independently of “field,” can exert force. (This was also the
Aharonov-Bohm claim —unfortunately thoroughly obscured by
the mixing-in of quantum mechanics.) Regarding empirical sup-
port, various papers published by myself and others during 1997-
8 in Apeiron, Infinite Energy magazine, and elsewhere claimed ob-
servational confirmation and semi-quantitative agreement with a
theory published by ]J. P. Wesley showing operability [on the basis
of the force —(g/c)dA/dt of Eq. (5.19a)] of the so-called “Marinov
motor.” This used a toroidal magnet enclosing all its flux, which
acted upon current flowing in a circuit located in the external re-
gion where B vanished but A did not. Reactive torques upon the
magnet were measured that should not have existed according to
the Lorentz force law, but were non-vanishing according to (5.18).
These torques seemed too large to be attributed to leakage flux.
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They showed rough quantitative agreement with the extra force
term in (5.18) ... but not so unambiguously as to be decisive. It
cannot be said at this time that empirical evidence either for or
against the extra force term in (5.18) is conclusive.

The matter deserves to be settled. It is far from academic. In
Apeiron 5, No. 3-4, 193-208 (1998) I described my observational re-
sults, and in Infinite Energy, Issue 19, 62-85 (1998) I made engi-
neering-type calculations showing that a scaled-up Marinov mo-
tor promised sufficient torque to allow its application to an elec-
trically-driven automotive “motor in a wheel.” I recall building a
small, crude demo motor (never reported), a multi-turn brushless
design requiring switching (current reversal) each half-turn,
which spun very nicely but was not self-starting in all orienta-
tions. Several independent non-academic investigators—notably
Tom Ligon and ]. D. Kooistra—got positive Marinov motor re-
sults, but none was permitted to publish in a first-line journal, so
the claims, obscurely reported, were ignored. In a more healthy
condition of American science the mere rumor of a new electro-
magnetic force would stimulate widespread response in a dozen
laboratories, including the electrical measurements division of
NIST, the government agency that has the taxpayer-mandated
“mission” to investigate such things.

5.4 Other electrodynamic force laws

Over many years diverse empirical evidence has accumulated
that the Lorentz force law may not altogether cut the mustard. (If
this is true, the same may well have to be said eventually of field
theory itself.) Such evidence skulks in the shadows, owing to a
steadfast determination of the physics establishment that none of
it shall see daylight. (Comparable zeal directed instead to the sat-
isfying of curiosity might prove gratifyingly effective in produc-
ing tangible progress.) To document this impression thoroughly
would require a lifetime of scholarly effort, and would doubtless
encounter barriers to publication from the usual suspects. Plenty
of obscurely-published evidence can be found that will be dis-
missed as anecdotal. As originally intended, this work would
have sampled it; but this has had to be curtailed owing to the au-
thor’s health problems. A little digging in the voluminous
shadow literature for “Ampere longitudinal forces” will turn up
much of it.
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Let me preface what follows by interpolating a few more of
my general remarks about science. In modeling science as process
two antithetical extremes suggest themselves: that of an inexora-
ble tide of unidirectional progress, irreversible and ever-blessed
by a consensus of the righteous; and that of a blind bat in a bottle.
The factual and historical situation, it seems to me, partakes of
both—perhaps about equally. Marchers in the army of science it-
self acknowledge only the first of these models, but historians of
science must surely awake on bad nights in a sweaty suspicion of
the second.

As a prime application of the blind bat model, I may point to
the handling of Newton’s third law (equality of magnitude, op-
positeness of direction, and collinearity of all forces of action-
reaction of any kind between any two force centers) in modern
physics. SRT’s imperious demand for “universal covariance” ex-
cludes consideration of any force law but that of Lorentz, which
violates Newton'’s third law. Such violation (implying “bootstrap-
lifting,” the spontaneous abrogation of momentum conservation)
has never been observed in the real world ... but that world has
become so totally subordinate in the minds of theorists to the
“world” of SRT that such a lack of empirical confirmation merits
little attention in today’s textbooks ... which prefer to dazzle the
reader’s eye with the sheer number of SRT’s empirical confirma-
tions. It should be a recognized principle of jurisprudence that
unlimited increases in the quantity of irrelevant evidence cannot
lend it weight.

If we go back in history to the 1820’s, when electricity was
first being explored scientifically, we find Ampere, the venerated
father of the subject, doing a series of exemplary null experiments
that systematically pinned-down the law of force action between
pairs of “current elements.” As a demonstration of the power of
abstract reasoning, nonlinearly enhanced by cunning observation,
and as a paradigm of the fugal harmony attainable by physics in
the hands of a master of the contrapuntal use of theory and ex-
periment, Ampere’s work, culminating in his “law,” has never
been excelled. Its pedagogical value to later generations of stu-
dents would be inestimable. (The interested reader can find out
more from the books of Peter and Neal Graneau.>454))

So ... what actually happened? History shows Ampere’s
original law being squelched and his work forgotten or marginal-
ized. The reason? Again, SRT—the great destroyer not only of
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concepts but of history —has been at work. Ampere’s law embod-
ies Newton’s third law. (Ampere found that the purely empirical
means accessible to him were inadequate to pin down the EM ac-
tion-reaction law completely; they had to be supplemented by the
assumption of Newton’s third law.) Thus Ampere falls afoul of the
new enlightenment (“progress”) that rejects Newton’s third law.
Therefore, Ampere’s law in all modern textbooks has been not
merely soft-pedaled but totally omitted. For today’s student—
presto—it does not exist... down the memory tube. Instead,
something called “Ampere’s law” —a politically correct Ersatz in-
volving a B-field Ampére never used (not being a field theo-
rist) —appears in the textbooks to honor his name by abusing it.
This, despite the fact that the politically uncorrected Maxwell in
his Treatisel>?l terms Ampere’s original, non-Ersatz law “the cardi-
nal law of electro-dynamics.”

What, then, is this cardinal law? Allow me to set it down
here reverently, in the likely expectation that it has never before
met the reader’s eye. It expresses the force action of a vector cur-
rent element I,ds, upon another element 1,ds, as

Eymere) = f%(%(dgl F)(d5, - 7) - 2(d5, -dgz)j, (5.24)
where 7 =7, -7, is the vector relative position of the centers of the
two elements, r=|7| is their separation, and distance is measured
in centimeters, force in dynes, and current in abamps (1
abamp =10 Amperes). Positive force denotes repulsion, negative
force, attraction. [If, in conformity with the SI system of units, one
multiplies (5.24) by u,/4x, distance is expressed in meters, force
in Newtons, and current in Amperes. To do this is in my opinion
a trifle silly, since “meters” are not natural distance units to use in
the laboratory —not in my modest one, anyway—and dynes are
close enough to milligrams to be comparatively natural force
units, conformable to intuition. Moreover, with my failing facul-
ties I find it easier to remember the ratio 10 of abamps to amps
than the value of /47 .It's even typographically simpler!]

When the Lorentz law (5.2) is applied to description of the
same “magnetic” situation—the action of one current element on
another —it yields the law

LI,

Fl(ZLarentz) _ r_s(d§2 (dgl . ;7) - ?(dgl -ds, )) (5.25)
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in units similar to those of (5.24). Observe the dramatic difference
between these two: Eq. (5.24) shows force proportional to 7,
hence aligned with the vector joining the two element positions,
and also shows symmetry under interchange of subscripts 1 and
2. Consequently, Newton’s third law,
R (5.26
is obeyed by (5.24), since 7 =7, -7, & 1, —7, =—7 . In contrast, (5.25)
has no such symmetry. The force exerted by element 1 on element
2 bears no relation to that exerted by 2 on 1, as to either magni-
tude or direction. It is thus left as a discussion topic to explain
why no electrodynamic force imbalances are observed in nature.
There is a theorem bearing on this that explains why closed cur-
rent loops exhibit no force imbalances; but in broader physical
contexts the question remains open ... as does the question of the
status of momentum conservation, once its classical mechanical
basis in Newton'’s third law has been discarded. It also remains to
be answered why; if there exist forces that violate Newton’s third
law, there also exist forces that do obey it. The Herrgott seems
lacking in the consistency little minds might desire of Him.
Historically, (5.25) grew out of an objection by Grassmann/>7!
to the Amperian idealization of “current elements” as mathemati-
cal points. Grassmann viewed it as illegitimate to shrink a di-
rected current element to a point—an opinion that implicitly
specifies a permissible order of limiting processes in the applica-
tion of mathematics to physical approximation. In effect, his con-
tention was that in the limit of “element” definition the full effect
of current directedness had to survive; consequently Ampere’s
deductions were null and void ... and Newton’s third law inap-
plicable. Whittaker®#! (page 86) seconds Grassmann’s judgment
in these terms: “The weakness of Ampere’s work evidently lies in
the assumption that the force is directed along the line joining the
two elements; for in the analogous case of the action between two
magnetic molecules, we know that the force is not directed along
the line joining the molecules.” Since he gives no reference,
Whittaker fails to make it clear how he has become privy to the
congress between two magnetic molecules. (“Vas you dere, Chol-
lie?”) But I daresay if the evidence is empirical it bears on mole-
cules in fairly close proximity, so that molecular dimensions are
not negligible compared to their separations. Thus it can have no
bearing on the mathematical question of order of limiting proc-
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esses (element length vs. element separation) crucial to settling
the legitimacy of Ampere’s idealization of neglecting element ori-
entation in approximating element interaction.

Let us detour a moment to contemplate Grassmann’s Eq.
(5.25) in abstract terms. I submit that as physics this equation is
foolish on the face of it. For it ascribes to current elements an
asymmetry for which no conceivable inherent physical basis can
exist. In nature element 1 possesses no special “oneness” and
element 2 no special “twoness.” Each partakes equally of oneness
and twoness. It can make no physical difference which number is
assigned to which. Hence it is desirable that an adequate mathe-
matical representation of their interaction exhibit a corresponding
interchangeability, i.e., explicit symmetry between 1 and 2. Theo-
rists who are daft for spacetime symmetry, a highly non-obvious
symmetry, glibly sacrifice to it action-reaction (1-2) symmetry, a
comparatively obvious one. It is like human sacrifice on the altar
of a holy goat. Modern theoretical physics in its ability to lord the
subtle over the sensible has evolved from the rabbinical to the
terminally talmudic. I set out in this section to illustrate the use-
fulness of the blind bat model of scientific process. Is this picture
beginning to gain some color of justification?

Why was (5.24) once venerated as the “cardinal law”? Be-
cause to this day, as in Maxwell’s time, it has never been contra-
dicted by any observation. If you truly desire to know what you
will observe in your own laboratory, and are curious enough
about the subject to abandon ideology, use that law. On it you can
rely. Is it not strange, then, that today’s physics textbooks make
no mention of it? Perhaps not so strange, if you reflect upon the
authors’ state of mind: they write not about physics but about
truth as they know it and desire it to be known to posterity. They
do not wish to pollute the Pierian mind of the student with false
themes from a bygone era, darkened by the dismal miasma of
misunderstanding that preceded Einstein’s unique sunburst of
enlightenment. He has sounded forth the trumpet that shall never
call retreat. Progress has progressed ... henceforth, let there be no
regress ... and no moaning of the bar. This ratcheting process re-
flects the central principle of pedagogy responsible for such giant
steps for mankind as the trumpeted advent of the New Math, to
assure that no child be left behind, and the soft-pedaled aban-
donment of English grammar, to assure that no teacher be left
behind.
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Numerous “electricians,” as Whittaker®8! called them, of the
nineteenth century concocted their own “improvements” on Am-
pere’s formula (5.24). Grassmann/®’! led the pack by proposing
(5.25), later incorporated into the Lorentz force law as its mag-
netic part. I am not a sufficient scholar to contribute to this field,
so will make no attempt even to tabulate these many mutually-
contradictory improvements. Let one suffice as a sample. I once,
perhaps mistakenly, attributed®® to Riemann the proposed law

Eghineker) — %(dgl (ds, -7)+ds, (d5, -7)~7(ds,-d5,)), (5.27)

and ascribed the attribution to Whittaker. But I find on re-
consulting Whittaker>#l (page 87) that there is no basis for such
an attribution and that (5.27) appears to be Whittaker’s own in-
terpolation into or improvement on history. He claims for it the
evident merit over the Lorentz (Grassmann) law of expressing
explicit 1-2 symmetry, justifying this on the basis>”! that “the law
of Action and Reaction may not be violated.” [Eq. (5.27) is in fact
a symmetrization of (5.25).] But he ignores the fact that Newton’s
law of Action and Reaction is violated by any force, such as that
of (5.27), that is not aligned with the separation vector 7. Ampere
knew this and acted on the knowledge. His improvers all have
chosen to forget it. Whittaker further overlooks the non-
covariance of his (5.27), which puts him as firmly in opposition to
the New Wave of relativistic truth as any of the other seekers for
alternatives to the Lorentz law. In this, of course, I heartily second
him on the side of theory. However, there is empirical evi-
dencel>?510 against (5.27) and for Ampere’s (5.24).

5.5 Sick of field theory? ... (the Weber alternative)

And now for something completely different. In 1846 Wilhelm
Weberl>11l devised an instant-action electrodynamics, employing
the (relative) separation coordinate r=|172 —17]| of two charged
point particles and its first two time derivatives, that obeyed
Newton’s third law, reproduced the original Ampere law (5.24) of
action-reaction between current elements, and was derivable
from a potential. It would be useful for any physicist to know
about this, though few do. The inter-charge force law Weber pro-
posed was
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.2 "
T(Weber T(Weber 19> - r rr
g =g <27 (1- 1 2 6529
where, as before, 7 =7, —7,, and the force is that exerted by charge
1 on charge 2. (This is in electrostatic units. To express it in SI
[Stupidité Incroyable], multiply by 1/47ze, .) The corresponding po-
tential from which this force can be derived is

2
119, 7
e 5.29
r [ ZCZJ 5.29)
That is,
ﬁl(;Veber) — _ﬁru(Weber) _ _ziu(Weber)’
r dr

where in performing the total differentiation we are on notice
that
dr _dtdr 7
dr drdt 7

Observe that (5.28) is a law of force between point charges,
not between current elements. It is therefore more fundamental
than Ampere’s law, but is complementary to it in that both treat of
instant action at a distance and both honor Newton’s third law
unreservedly, without fudgings. (In a way, Weber provides a post-
facto line of justification for Ampere’s assumption of Newton’s
third law; for even Grassmann would agree that the third law has
to be obeyed between point charges—from which “directed” cur-
rent effects are deduced by Weber, still in obedience to the third
law.) In fact, Weber’s theory was the first and only form of elec-
trodynamics that was truly “relativistic,” in the sense that it in-
troduced no extraneous “frames” or “observers” for describing
nature, but employed only relative coordinates of the active ele-
ments—the point charges themselves. Thus relativity existed in
its all-time purest form in Europe in the 1850’s, before Faraday
with his moving lines of force and Maxwell with his fields con-
taminated physics with their intangible metaphysical entities—an
evolution (away from relativity) from which it may never re-
cover ... since it defined thenceforth the forward direction of pro-
gress.

Wherein lay the superiority of the field mode of description?
Simply in its ability to predict the time delays of causal “propaga-
tion.” Causes at point A produced later effects at point B, the two
being linked by an appearance of something moving from A to B
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at speed c. (This applies to radiation. Many assume that it applies
also to electromagnetic forces, but there is no empirical evidence
to back this.) On this slender evidence of appearance, history
(which is to say the consensus of authority) awarded field theory
total, permanent victory, with no reclama allowed from the loser,
Newtonian electrodynamics.>¢ The irony is that even while los-
ing the war, the latter was winning the battle. That is, the Euro-
pean electrodynamicists, adhering to the strictly Newtonian in-
stant-action tradition, were beginning to discover speed-c time
delays emerging from their formalism. (This should be no stun-
ning surprise, since ¢, or the equivalent, made its first appearance
in Weber’s formulas.)

Thus Kirchhoff in 1857 scored a significant breakthrough.>12
The Graneaus®®! (on page 41) describe it in these terms:

Kirchhoff proved with circuit theory that voltage and cur-
rent waves travel along wires with the velocity of light.
This remarkable fact arose from multiple inductive and ca-
pacitive far-actions of huge numbers of current and con-
ductor elements. Kirchhoff was in fact the first to derive
delays in the transmission of electrical disturbances along
conductors with a many-body interaction model. The
strange aspect of the complex far-action calculations is that
they predict the same time delays as the simple energy
transport model of field theory.

For future reference we may note here the central role of the
many-body problem, whose far-reaching significance will be
dwelt on further in Chapter 8.

Recently a triumphant confirmation of the fruitfulness of the
Kirchhoff approach has been achieved by Neal Graneau,>'3! who
made computer calculations, using Ampere’s original force law
(5.24), to show that instant actions of large numbers of coherent
current elements separated by distance D in free space from large
numbers of incoherent elements induce a coherent response in
the latter that grows in time and that is delayed in onset propor-
tionally to D. (The delay results jointly from inertial sluggishness
of the material current elements and from inverse-square weak-
ening of the Ampere force with distance.) These, broadly speak-
ing, are the characteristics of far-zone radiation, as measured, e.g.,
by antennas. The quantum aspect is missing, but it is missing also
from all undoctored forms of field theory. Breathes there a physi-
cist with soul so dead that he feels no stir of excitement at the
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possibilities thus offered by the prospect of a deeper understand-
ing of the many-body problem?

Thus it is not true that instant-action models are limited to
instant-action predictions. It is only politically convenient in the
modern era to let it be thought so, in order that field theory may
justify its banishing of all rivals. Had a modicum of pluralism
been maintained during the twentieth century in the basic con-
ceptions of physics, who knows or can even guess what benefits
to mankind might be conveyed by the resulting theoretical op-
tions? At the very least there would be less dogmatism in the
classroom ... and, given some hints from an instant-action form
of electrodynamics, practitioners of physics would be less in de-
nial of the persistent acausality of quantum mechanics than are
those currently dominant savants whose sole intellectual resort is
to the plodding causality of retarded-action field theory.

There is much more to be said about Weber’s electrodynam-
ics. Fortunately, there is an excellent book on the subject by As-
sis, >4 which cannot be recommended too highly. (In describing
Weber’s coordinates, Assis terms them “relational” rather than
“relative,” to avoid confusion with Einstein’s usage of “relativ-
ity.”) Weber’s relational coordinates are observer independent
and frame independent. Thus they fit, to a degree, with some of
the conceptions of general relativity, but not of SRT. A problem
arises, however, when one seeks to relate them to invariant
proper time of the particle, inasmuch as for a pair of particles a
pair of proper times would necessarily be involved. We have no
clear knowledge about proper time apart from what the Einstein
relation (3.1) tells us—and that relation forces introduction of an
inertial frame, willy-nilly. Since an inertial frame is also indispen-
sable to Newtonian mechanics, it appears unavoidable to employ
the frame formulation of basic physics. If so, Assis shows that
Weber’s force law (5.28) takes the frame-coordinate form

N
1_:'~1(21/\/eber) _:0Y [1+ (* 5_2(15} +7.ﬁj], (5.30)
r’ c? 2\r

where 7 =7, -7, 0=0,-0, =dr,/dt-dr,/dt, G=do,/dt-do /dt.
When we seek an invariant formulation on the time side, diffi-
culty arises through the circumstance that Weber’s 7 involves a
single time parameter, whereas any two particles in general in-
volve two (proper) time parameters. From this, one cannot avoid
the suspicion that Weber’s electrodynamics would profit from an
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overhaul to bring it into the 21% century. In Chapters 6-8 we shall
develop a “collective time” mode of description that may prove
useful for achieving the necessary higher-order single frame-time
parameterization to allow a rebirth of the Weber formulation of
electrodynamics.

The subject of an invariant electrodynamics is evidently a
work in progress—or would be if any work were being done on it
at all. Herein lies a challenge to the coming generations of physi-
cal thinkers. The Weber force between a pair of charged parti-
cles—as under-developed during the nineteenth century—
seemed to exist in a vacuum of concepts, as if remote from a Ma-
chian universe of matter. It is only when we try to use this force
in an equation of motion that we meet the necessity for a concept
of inertia and recognize (a) that mass plays a role, (b) that frames
are useful, particularly for many-body description, and (c) that
(as Einstein has taught us) time description is not trivial. In this
context, Assis’s pioneering work54 provides much food for
thought.

5.6 Chapter Summary

We have seen that SRT depends on a covariant force formulation
requiring the Lorentz force law and allowing no option. Thus be-
lievers in SRT not only lack motivation to seek improvement in
our basic understanding of electrodynamics, but are committed
to resisting any suggestion of the possibility of such improve-
ment. (There is no weapon so effective against the increase of
knowledge as an elegant sufficiency of established knowledge.)
So deep is their commitment to SRT that they are willing to reject
action-reaction symmetry :for the sake of preserving spacetime
symmetry, although no direct violation of the former has ever
been observed empirically ... and no direct empirical support for
the latter has ever been reported. Yet they tell us that SRT is the
best-confirmed (empirically!) of all physical theories. With friends
like these, O Physics, what need have you of enemies?

The field equations of Maxwell admit of no charge motions
with respect to the field point and thus require separate postula-
tion of a “force law” (that of Lorentz) to describe the effect of
such charge motions. (Recall that Maxwell’s electric field is defined
as force on a unit charge at rest at the field point, never in mo-
tion!) This need for a separate force postulate is removed by sub-
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stituting an invariant formulation of field theory that is ade-
quately parameterized to allow charge (“field detector”) motions
with respect to the field point. The resulting invariant electrody-
namic force law (5.18) is identical to the Lorentz law except for an
extra term that is the gradient of a scalar function and thus is not
observable by means of closed-loop current interactions. Empiri-
cal confirmation of such an extra term would be difficult; it might
conceivably be inferred through observation of plasma diffusion-
rate anomalies. Claims have been made by unanointed amateurs
such as myself, that the “Marinov motor” works—which can only
be true if the extra force term —(q/c)ﬁ(z?d -;l) has some counter-
part in nature. This extra term, needed for invariance, destroys
covariance. Its physical validity must be considered empirically
undecided at this time ... and for however long Einstein adula-
tion continues to block scientific curiosity.

The ability of the neo-Hertzian field equations to tell us the
total force on electric charge g, via F =gE,,, directly from the E -
field solution of those field equations without extra “force law”
postulation, represents a significant advance in logical economy
for electromagnetic theory. In fact it amalgamates electrodynam-
ics and electromagnetism, so that the two become the same the-
ory. What does it mean physically that a law of force on moving
charge comes automatically out of an invariant formulation of
electromagnetic theory? It means that our perception of the
“physics” of magnetic force on moving charge was a misappre-
hension. Such physics was not a product of nature but of our (co-
variant) way of describing nature. The essentially electric charac-
ter of all force on electric charge emerges only with an invariant
reformulation of field theory.

Ampere, working from premises of Newtonian instant-
action, proposed a specific law of force action between current
elements that obeys Newton’s third law and has never been re-
futed by observation. No way has been discovered to link this to
field theory. Weber, working from the same premises, deduced a
more basic law of action between point charges that describes
both electric and magnetic effects and agrees with Ampere’s law.
It failed to describe radiation directly, but achieved (through
work of Kirchhoff>?) a capacity to describe time-retarded
propagation in conducting wires, and (through work of Gra-
neaul>l) the same capacity in respect to free-space propagation
of electric action (light). The Weber instant-action descriptive
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theme was abandoned too abruptly in favor of field theory to al-
low full assessment of its potentialities as physics. The subject
may truly be said to be in its infancy. Historically, it was done to
death in a Darwinian struggle. According to the victors in this
struggle it deserved to die. They have written the history, and
only their judgments are known today. It was the same with the
Israelites, who survived to write a Bible, in regard to the Canaan-
ites, who didn't.

In terms of empirical support, Ampere’s original law describ-
ing the interaction of current elements is the most promising of
numerous nineteenth-century proposals alternative to the Lor-
entz law. Unfortunately, the position of Ampere’s law squarely in
the middle of the Newtonian instant-action tradition makes any
building of a bridge to field theory, whether invariant or covari-
ant, both practically and conceptually very difficult. I know of no
way to get from either unimproved (Maxwellian) field theory or
improved field theory (Hertzian or neo-Hertzian invariant elec-
trodynamics) to any Ampere-type law of force between current
elements or to the Weber law. As far as I can see, all one gets from
invariant field theory is a warming-over of the Lorentz force law,
with possible giblets [Eq. (5.18)] on the side. My personal opinion
is that even the best of field theories—for all their acclaimed
prowess in describing radiation—can never do more than a par-
tial, sketchy job of physical force description. Rather than seeking
a linkage whereby the gap between field theory and the empiri-
cally supported longitudinal Ampere forces can be bridged, I
should guess it to be more promising to follow the Kirchhoff clue
and look for some altogether new conceptualization of the many-
body problem. The future of fundamental electromagnetic theory
doubtless lies in the direction of effecting an integration with
quantum mechanics. Still, the strongest future physics will re-
quire an arsenal of concepts, methods, and presuppositions—a
varied weaponry suitable for attacking problems on multiple lev-
els of sophistication. This is the pluralism I have argued for. I am
obliged to leave the subject as another challenge to later genera-
tions of physical thinkers, hypothetically not so impressed by the
truths of earlier generations as to be incapable of unlearning a
generous part of their higher educations.

Finally, I claim to have lent some support to the blind-bat-in-
a-bottle model of theoretical physics as process. The bat keeps
hitting the bottle, an unforeseen and invisible obstacle, and
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bouncing back off it, changing direction without ever changing
course. In order to stick to its SRT course it abandons (while
demonstrating) action-reaction symmetry when it hits its nose
against that side of the bottle. Within SRT itself, it develops cal-
luses from multiple impacts, as in the collision with the “rigid
body,” which necessitates giving up the claim to cover Newto-
nian rigid-body mechanics, or the collision with group theory,
which necessitates redefining “inertial system” to accommodate
an ad hoc “Thomas precession,” made for the occasion ... every
check, every turn-about, every nose-bloodying event being hailed
and defined as progress. Indeed, on observing the supernatural,
the almost divine, persistence of the creature—the monomania
with which it sticks to its “self-consistent” course of mad mathe-
matical logic despite all impediments nature can put in its path,
the fanaticism with which it crushes all would-be pluralistic at-
tempts to diversify its presuppositions—an objective observer can
hardly avoid the inference that the bat is not merely blind but
rabid.
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You must accept the truth from whatever source it comes.

—Moses ben Maimon, philosopher (1135-1204)

Chapter 6

Clock Rate Asymmeitry

6.1 Distant simultaneity, acausality
7' n previous chapters I have developed the beginnings of an

invariant electrodynamics (wherein length is invariant and

the speed of light is not universally constant) as an alterna-
tive to Maxwell’s electromagnetism. In this chapter I propose to
examine an application of such a generalized electrodynamics to
revamping some of the basic reasonings underlying Einstein’s
special relativity theory (SRT) ... in particular, those that close the
public, as well as the professional, mind to the possibility of a
physically meaningful distant simultaneity.

Standing squarely in the way of the possibility of conceptual-
izing instant action-at-a-distance, accommodating Newton’s third
law as physics, accepting quantum non-locality, efc., is Einstein’s
great insight, the “relativity of simultaneity.” With this insight,
and its phenomenal, universal sale in the marketplace of ideas, all
chance was lost of any subsequent fair hearing for alternatives (of
the sort advocated in this book) to the Einstein-Minkowski
“world.” Even when the facts of quantum experience plainly
dismissed that world by exhibiting instant action-at-a-distance as
a laboratory phenomenon (experiment of Aspectl®l], etc.), it con-
tinued to be an unquestioned major goal of physicists to squeeze
quantum mechanics into SRT’s Procrustean bed —although the
squeezing clearly forced together strange bedfellows. Just how
was this unprecedented sale of a counter-factual “fact” accom-
plished?
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This needs to be asked about one of the most successful jobs
of radical idea salesmanship ever achieved in the annals of mass
mind-closing. So convincing was Einstein’s argument as to be
truly irresistible, in the sense that nothing known before could
withstand it, and everything subsequent has been built upon it.
That’s quite an intellectual accomplishment, albeit a cruel blight-
ing of preconceptual pluralism, the traditional seedbed of scien-
tific progress. The most deeply ingrained subsequent ills of phys-
ics not directly traceable to Maxwell’s equations are traceable to
the “relativity of simultaneity.”

By destroying the conceptual basis for distant simultaneity
Einstein got rid of the “now” that each of us perceives as dividing
past from future. In so doing he discredited perception as a crite-
rion of truth, and removed physics from the realm of personal
experience by denying the description of nature as manifested in ex-
perience as the goal and definition of physics. (The irony is that
agreement with experience is the hammer invariably used to flatten
all opposition to his theories.) Einstein proclaimed that the world
as a progression of experiences from past to future was an illu-
sion to be replaced by an invisible web of monolithic worldlines,
existing in a Minkowski 4D “world” of spacetime symmetry that
was the only reality, wherein “now” was physically meaningless.
(Subsequently this new reality acquired a curvature that made it
really real.) The physical thus became a metaphor for the mathe-
matical, the ultimate repository of truth, and personal experience
no longer entered scholarly discussion except to exemplify the
snares besetting the unwashed. Philosophers lapped it up. It had
just the profundity they had been questing for centuries, and
hadn’t known since Parmenides (whose doctrine averred that
“what is various and mutable, all development, is a delusive
phantom”). Physicists lapped it up, not because it tasted good but
because all the rest were consuming it in carload lots, and what
few competitive ideas there were, such as those of Lorentz, defi-
nitely tasted sour. Science popularizers lapped it up because it
was grist for their mills. The public lapped it up because it did
not do to be left behind by progress, and four-color expositions of
it impressed friends when left lying on the coffee table.

So, I ask again, how was this epoch-making sales job accom-
plished? In a word, through the example of “Einstein’s train.”
That is of course an oversimplification. No single example could
achieve such a bouleversement of human thought. But it was the
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clincher. Before it, legitimate doubt could exist—after it doubt be-
came aberration or dementia. Why was the train example so con-
vincing? Simply because its homely materials made it directly ac-
cessible to Everyman’s thought. Its systematic steps of reasoning
so eloquently expressed the triumph of rationality that no sane
person could resist. Here was pioneering science brought down
to a level any attentive student could follow and appreciate. It
was a truly definitive sales approach, the master virtue of which
was that it left no reply possible, no objection admissible, no dis-
agreement conceivable. At its conclusion the product had to be
bought, regardless of cost to preconceptions.

How, then, comes it that I do not buy it, yet claim to be a ra-
tional being? The demented do lay claim to rationality, to be sure,
and that is an easy explanation ... but, if the reader will do me the
favor of sticking with me (which is not unlikely, since he has
stuck this far), I shall presently make what I believe to be the be-
ginnings of a rational case for the possibility of an alternative self-
consistent line of development, featuring the absoluteness of si-
multaneity, the universality of Newton’s third law, and the mean-
ingfulness of now. The case for this alternative, like all theorizing,
will be far from conclusive, but it should furnish food for
thought ... and it does submit to crucial testing (e.g., the example
of stellar aberration already treated in Chapter 4). If it passes such
tests, it will still not be the truth—only a less false mask than the
one it replaces. Scientific truth is useful only as a goal ... as an at-
tainment it is a plague, a blight, a roadblock to progress. For the
scientist it serves the same function as the artificial rabbit in a dog
race.

Einstein’s conclusion from his train example, reviewed be-
low, is that spatially separated events judged simultaneous by
one inertial observer are judged non-simultaneous by another;
hence, distant simultaneity is “relative.” However, the demon-
stration of this “fact” depends critically upon a certain model of
the light propagation process. That model, due to Maxwell, may
or may not be correct physically. We do not know which, because
“propagation” by its nature is purely a matter of inference. We
cannot know in any ultimate sense of fact what goes on during
this non-local process because to find out we would have to ter-
minate (localize) it. This is the old story basic to quantum me-
chanics: The “propagating” photon is in a quantum pure state,
which can be interrogated only by destroying it... and which
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without interrogation cannot be known. The impasse for classical
theory induced by this blockage of factual knowledge of “trajec-
tories” is what the wave-particle dualism is about. The propagat-
ing mode is the spread-out “wave” one, and the localized-action
mode is the “particle” one. The spreading-out is in time as well as
space, so an inherent fuzziness mocks any pretend-knowledge
(our inferences) about what is where during the main part of the
energy-transfer process termed propagation. The Maxwell-Einstein
inferences differ from other forms of pretend-knowledge about
this subject only in sporting by far the most numerous and least
imaginative clientele. It is never conservative and seldom safe to
treat pretend-knowledge as if it were real.

Permit me, then, to offer below an alternative scheme of in-
ference, based on Hertzian or neo-Hertzian electromagnetism,
which will contrast with the Maxwellian scheme but will be in no
objectively verifiable sense (logical or phenomenological) either
superior or inferior. It will just have a smaller clientele, because it
appears to bear the stigma of “acausality.” About this, however,
we should remind ourselves (a) that photon propagation—the
same photon dubbed classically “the field” —far from having
anything classical about it, is in physical fact the “most quantum”
phenomenon in nature,'®l and (b) that quantum mechanics pos-
sesses an ineradicably acausal aspect. This latter fact has been la-
belled “spooky” by Einstein. It is an aspect of the natural world,
like some others, in the intelligent design of which neither Max-
well nor Einstein was consulted ... but one to which many of us,
less emotionally committed, have latterly managed to accommo-
date ourselves. The majority of today’s physicists have apparently
learned to live mentally a double life, in which they accept
acausality when wearing their quantum mechanician hats and re-
ject it when wearing their relativist, field theorist, and other more
attractively fashionable causal hats.

“Acausality” ought, strictly speaking, to be defined as the oc-
currence of an effect before its cause. It is loose thinking to equate
it also to occurrence of an effect at the same time as its cause. If
Einstein’s view were correct, that the occurrence of two spatially
separated events at the “same time” has no meaning, it would be
equally meaningless to distinguish, or even to attempt to define, the
concepts “causal” and “acausal” —but today few scientists prac-
tice strict thinking on this subject. Bridgman (in The Logic of Mod-
ern Physics) was among the few outspoken about it:
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... I can see no justification whatever for the attitude which
refuses on purely a priori grounds to accept action at a dis-
tance as a possible axiom or ultimate explanation. It is dif-
ficult to conceive anything more scientifically bigoted than
to postulate that all possible experience conforms to the
same type as that with which we are already familiar, and
therefore to demand that explanation use only elements
familiar in everyday experience. Such an attitude bespeaks
an unimaginativeness, a mental obtuseness and obstinacy,
which might be expected to have exhausted their prag-
matic justification at a lower plane of mental activity.

6.2 Einstein’s train on a different track

The considerations that follow will be limited in validity (as far as
the Einsteinian analysis goes) to the first order. In Einstein’s
“train” problem a stationmaster S is at rest at position x =0 at the
S-frame (“embankment”) time instant t = 0 when (a) the midpoint
of a train of length 2L, traveling from left to right at speed v,,
passes him and (b) two simultaneous lightning strikes occur, one
at each end of the train. The simultaneity is as judged by S. A
train rider R is positioned at the train’s midpoint. The lightning
flashes are considered to propagate as if in vacuum. We wish to
determine how S and R measure or infer the timing of the events
of flash arrivals at their eyes (treated as radiation detectors). We
shall for simplicity consider everything from the viewpoint of S.
Let the propagation speed (phase velocity) of the right-going
flash from the rear of the train be denoted by v,, and let the speed
of the left-going flash from the front be denoted by v, . According
to all theories, given that each flash starts from the same distance
L and propagates toward S with the same speed c (i.e., on the as-
sumption that v, =v, =c ), S will see the flashes simultaneously at
his (S-frame) time

t ==, 6.1)

since by hypothesis their events of emission were simultaneous in
S’s view. Such simultaneity in the S-frame is equally valid in
Maxwell’s and in Hertz’s theories, since the light detector (eye of
S)isatrestin S, so v, =0 and the two theories are identical in this
special case.

Consider the rear-originating flash, with wave front that
moves rightward. It starts at t =0 when R is at x = 0. It reaches R
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and is absorbed there at a later S-frame time ¢, and up-track
(rightward) position x,. We have x,=uv,t,, the distance the
train travels at speed v, in time ¢;; and also we have
xz+L=0vt,, the total distance the right-going flash from the
rear of the train travels at light speed v, in time t,. (Here we
avoid the specialization v, =v; =c in order to treat the general
case.) Hence, solving these two equations for ¢, x,,, we find
L

t,= (6.2a)
v, -,

and
v,L

v, -7,

r

Xig = Vgt = (6.2b)
Similarly, let the front-originating (left-going) flash reach R at
time ¢, and position x;. We have x; =v,t; for the train travel
and L-xg =0ty for the left-going flash from the front. Hence

b= L (6.3a)
v, +7,
and
v,L
Xpp =0, b =—4—. 6.3b
R TR v+, ( )

These simple and entirely general relations will form the basis for
all the discussion that follows.

Case (a). Maxwell-Einstein deductions

Applying his second postulate (of light-speed constancy), based
on the Maxwell picture of light propagation, Einstein takes
v, =v; =c, independently of both source motion and detector
motion; so Eq. (6.2a) yields, with (6.1),

= = 6.4a
" c-v, 1-v,/c (6.42)
and
X = Ot =, (6.4b)
c—v,
and Eq. (6.2b) yields
L t

Fy = — (6.5)

and
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v,L
X = . 6.5b
Kot v, ( )

By inspection we see that t; <t, (actually, f; <t <t;) and
Xz <Xy, so the flashes are received non-simultaneously by R,
while being received simultaneously by S. This is the basis for
deducing the “relativity of simultaneity.” (From the non-
simultaneity of flash reception events by R, given equality of the
propagation distances L in the train system, R infers the non-
simultaneity of flash emission events—those same events that for
S were simultaneous by hypothesis.) These relations are valid
only to first order, but that is sufficient to prove Einstein’s point.
The higher-order approximation proposed by SRT employs the
Lorentz transformation (involving a Lorentz contraction of the
train). That has no effect on the first-order conclusion. This com-
pletes the demonstration that sufficed to convince the world.

Case (b). Hertzian deductions

Recalling from Chapter 2, Section 2.5, Eq. (2.24), the Hertzian
wave equation solution with its wave propagation speed
u=c+(E/k)-5d relative to S, we have for the right-going wave
from the rear of the train u=v, =c+v, and for the left-going
wave from the front u=v,=c-v,. Here v, is the train speed
relative to S, and also the speed of the light detector, which is the
eye of R, co-moving with the train. Inserting these values into Eq.
(6.2a), we have, with Eq. (6.1) —on which all theories agree—

tr L L t, (6.6a)
c+v,-v, ¢
and
Xg =04t (6.6b)
Similarly, from Eq. (6.3)
tﬂ{—;zgzt1 (6.7a)

Cc-v,+v, c
and
X =0t (6.7b)
Consequently, if light propagation is described by the Hertzian
field equations, we obtain
t,=t, =t (6.8a)
and
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X, =X; =0t . (6.8b)
Thus S infers that simultaneity at first order is absolute and that
the clock readings of the two inertial observers, S and R, agree as
to the time (clock reading) at which the flashes are received by
each of the two observers. (That is, S receives his flashes simulta-
neously at his clock time f,, and R receives his flashes at both R’s
and S’s clock time t,. So t functions as an absolute or universal
time parameter. This sort of time, as Newton said, “ ... of itself,
and from its own nature flows equably ... ”)

At first order there is no time dilation, hence no basis for
timekeeping asymmetry. Since there is thus complete symmetry
between the two inertial observers, and all clocks run at the same
rate, the roles of R and S can be interchanged without altering the
conclusion that simultaneity is absolute and that both observers
see the flashes simultaneously and at the same clock readings.
This is the Hertzian deduction. However, within the context thus
far developed it is only a first-order approximation that takes no
account of any higher-order effect of motion on clock rates. In or-
der to examine that, we turn next to the neo-Hertzian case.

Case (c). Neo-Hertzian deductions

Chapter 3, Section 3.3, Eq. (3.30), indicates that the neo-Hertzian
wave propagation speed is u=,/c’ -0} +(E/k)-5d. Consequently
we have v, =/c*-v] +v, and v, =/c* -v] —v,. Inserting these val-

ues into Eq. (6.2), we get, with the help of (3.3b), (3.4) and (6.1),

L L L 1
b= _ _= —y.t  (6.92)
R P R 1-9;/c o
and
X = Ugtig =04t - (6.9b)
Similarly, from Eq. (6.3)
L L
£ = - _— (6.10a)
. JE =02 —v, 40, |- o
and
X =0t g =074t - (6.10b)

So, in this case, we have ¢ =t; (as well as x; =x), indicating
exact simultaneity of flash receptions at the eye of R, even at
higher orders. From this simultaneity of flash receptions by R, S
(using neo-Hertzian theory) infers the simultaneity of flash emis-
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sion events in R’s train system —hence the absoluteness of simul-
taneity of those events. But it is no longer true that the S-frame
time t,=t; =y, of the event of simultaneous flash reception
occurring at R’s eye is equal to S’s clock reading,

ts=ts=L/c=t,, (6.11)

for the time of occurrence of the different pair of simultaneous
flash-reception events at S's own eye. (Note that there are two
flash-emission events, but four flash-reception events, counting
both observers, each using as his detector only one eye!) Since
7, >1itfollows that ¢, =t, >t,.

We need to remind ourselves that the entire discussion in
this Section has taken place from the viewpoint of S. The above
evaluations of v, and v, apply only to the S-system in which one
of the two light detectors (eye of R) moves with speed v, #0. So
the inferences we have been making about what R sees are ex-
pressed in terms of S’s clock time, ¢, =t;, and are not in general
the same as what R actually “measures” with his own clocks,
which run at a different rate. Rather than pursue the rather com-
plex and sterile interplay of inferences that each makes about the
other’s measurements using naturally-running clocks, I shall de-
fer further investigation in favor of a simpler treatment of this
whole subject in the next chapter, based on introduction of a “col-
lective time.” That approach vastly simplifies such inferences.

As a review, it is of interest to compare all this with Einstein’s
first-order result. If we let f=v,/c and take L =1, then Egs. (6.4)
and (6.5) yield
A

1-p’ "1+ p
for Einstein’s analysis, and from Eq. (6.9) or (6.10) we obtain for
the neo-Hertzian theory

X.r (Einstein) (6.12a)

B .
Xp=Xgp=—F—. neo-Hertzian 6.12b

R fR W ( ) ( )
To recall: x,; is the up-track distance at which train-rider R re-
ceives the flash from the rear of the train, and x ® 1S the up-track
distance at which R receives the flash from the front. Of course
X, > X according to Einstein. Eq. (6.12a) gives Einstein’s pre-
dicted x, and xj distances; whereas x,; =xg, from Eq. (6.12b),
is the neo-Hertzian result. The Hertzian prediction, (6.6b), (6.7b),
is not shown ... it is just the straight line x, =x, =/, which is
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coincident with the other cases for small S . These results confirm
what is immediately evident from (6.12), that the neo-Hertzian
simultaneous flash receptions by the moving absorber occur at a
time (or distance) that is the geometric mean of the times (or dis-
tances) of non-simultaneous flash receptions predicted by Ein-
stein.

Summary. Using Maxwell’s picture of light propagation as
causally retarded at speed c, Einstein concluded from his train
example that distant simultaneity of point events is “relative.” We
have shown, using identically the same example, that Hertzian
(tirst-order invariant) electromagnetism predicts distant simulta-
neity to be absolute and predicts that clocks in different states of
motion run at the same rate (to first order). Finally, neo-Hertzian
(higher-order invariant) electromagnetism confirms the absolute-
ness of distant simultaneity, but assigns to clocks in different
states of motion natural (proper-time) running rates differing by
a y-factor—a second-order correction. The moral is that the “rela-
tivity of simultaneity” is not an unassailable fact but the conse-
quence of a particular picture of light propagation that is by no
means the only one compatible with observation.

It may be added that variations of the formulation of Ein-
stein’s train example are possible and instructive. For example I
proposed one variantl®?l in which there is no necessary signalling
by light or other means. Its outcome was as above, that distant
simultaneity can be considered absolute.

6.3 Clock slowing: actual or symmetrical? (The twin
paradox)

We need to face a foundational issue of relativism, viz., whether
to consider the clock-slowing associated with relative motion to
be real (asymmetrical) or apparent (symmetrical). This is ulti-
mately a matter of physics. Yet, where clock rates are concerned,
special relativity theory (SRT) survives—i.e., accommodates what
is known of the physics—by being an amphibian between ap-
pearance and reality. Einstein’s relativity principle, as customarily
understood, demands a symmetry of asymmetry—the clocks of
two inertial observers each symmetrically running slower than
the other. To avoid an infinite logical regression to nonsense, SRT
therefore needs clock rates to be appearances—lacking objective
validity and contingent on viewpoint. Whereas, to earn credit for
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predicting the observed asymmetrical aging of the CERN
muonsl®3 (circling and stationary in the laboratory), SRT needs
clock rates to be real and objectively asymmetrical —which is to
say, not contingent on viewpoint. For it is manifest that the clock
of a muon circling at constant speed must run at a uniform
rate ... and, since the net effect of the journey is observed to be a
staying young, it must be that this staying young was a process
taking place at a uniform rate throughout the uniformly circular
motion. This can only mean that the SRT stay-at-home inertial
observer’s prediction of uniform rate-slowing of the space trav-
eler’s clock describes not an appearance but a reality —a factually
real asymmetry. However, this conflicts with the “appearance”
view of clock rates, dictated by the relativity principle. So, which
shall it be? Symmetry or asymmetry? Appearance or reality?
Agreement with principle or with observation?

SRT, of course, has a response—indeed, one for every shade
and climate of authoritative opinion. Are we to believe, for in-
stance (along with Feynman(®4), that the asymmetrical element in
the muon or twin situation, acceleration, acts causally to convert
appearance to reality? This parameter enters the theory nowhere
explicitly ... it appears logically as a deus ex machina. Its only
function is to save not the phenomenon but the theory. Pauli pos-
tulated no explicit effect of acceleration on timekeeping ... and the
muon data confirm this for accelerations up to 10" g. Yet, here
we are blandly alleging the most profound effect possible—
conversion of appearance to reality, theoretical symmetry to fac-
tual asymmetry. That’s a heavy load for a non-load-bearing mem-
ber of any theoretical structure to bear.

Other apologists for SRT (following Wheeler-Taylor!®%) reject
the acceleration mechanism entirely and cite an acceleration-free
version of the twin paradox. They use SRT’s event calculus
(equivalent to a Minkowski spacetime diagram) to show that
clock phase jumps properly account for the asymmetry of elapsed
time observations. But they never explain how these discontinu-
ous jumps fit with the necessarily uniform running rates of all
clocks throughout the journey —implying unobservability by any-
body of any clock rate discontinuities whatever. Neither actual
clocks nor physical nor biological processes behave discontinu-
ously in nature. The stay-at-home twin cannot reset his biological
clock to accommodate the phase jumps needed to explain elapsed
times. His clock must run inconsistently—slow to match the trav-
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eler’s SRT analysis, fast to match the facts (or the stay-at-home’s
own SRT analysis). The relativist is plainly not concerned with
describing all observable aspects of nature, only with describing
whatever fits his calculus of point events (the Lorentz transforma-
tion). The latter enables hypothetical phase antics—knowable to
analysts, unknowable to observers—to compensate rate inconsis-
tencies, yielding correct elapsed times. (For a more thorough re-
view of twin paradox “explanations” I recommend the delightful
Appendix on the subject in Kelly’s book.[213])

The Minkowski account is false to nature and true only to it-
self. It is false in two ways: it fails to describe what is observed
(increased rather than decreased aging of the stay-at-home twin
in the traveler’s analysis—use of y where 1/y is needed), and it
describes what is not observed (a clock phase jump or aging dis-
continuity). In effect relativists treat time via y -symmetry where
nature calls for 1/y -reciprocity. They are trapped inside the Min-
kowski box and have shown themselves incapable of thinking
outside it. Whether this incapacity is constitutional or political,
perhaps only a psychologist could say. Unfortunately, psycholo-
gists are no smarter than relativists. Consequently psychology
has thus far proven of little help to hard science.

One more variant of the twin problem: Consider the CERN
muon experiment, 3l but suppose that two bunches of muons cir-
culate symmetrically in opposite directions. The laboratory iner-
tial observer by symmetry sees each bunch as staying young
equally, so that their aging is the same. This equal staying-young
can be taken as observed fact, the symmetry argument being con-
clusive. According to SRT, each of two observers co-moving with
these muon bunches sees the other as staying young. This means
each is seeing the other as staying young relative to the factual
staying-young seen by the lab observer, so each is staying
younger than young and younger than the other, which is to say
younger than herself. Thus the paradoxes of two observers are
compounded into the contradictions of three observers. Experi-
ence is the great teacher. Experience has taught me that no logic,
no silver bullet, no wooden stake will put the quietus on this un-
dead monster. In contemplating such theory we ought to ask not
simply how to apologize for it but how to apologize to future
generations for our sluggishness in seeking an apology.

Such problems have in the past given rise to unhappiness
among critics such as Herbert Dingle 4 who have consequently
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been dismissed as demented by SRT’s dedicated dogmatists. (De-
spite Dingle’s having published a well-received book on SRT,
which was cited by Einstein, it was decided after Dingle’s defec-
tion that he did not understand SRT. Poor fellow, he just didn't get
it. Consequently he was black-balled from his club of anointed
English science sachems and Royal Society Pooh-Bahs ... a fitting
punishment for failure to understand, as any modern card-
carrying scientific clever-bones will agree.) SRT’s all-pervasive
symmetry ambiguity encourages its supporters to carry water on
both shoulders: The twin-paradox saga shows clock-rate symme-
try (during travel) and asymmetry (after return), and the CERN
datal®3l show asymmetry ... both, all, and anything else being tri-
umphant confirmations of the theory, backed analytically by its
event calculus and politically by the huzzahs of ten thousand
physics professors and a hundred “science writers.”

The epiphany needed to guide us out of this logical dilemma
is a recognition that clock rates (or biological aging, etc.) by their
nature fail to fit an event calculus of any kind. The very concept
of clock rate implies not a point event nor interval-delimiting pair
of events but a process sustained in time for an unspecified dura-
tion at an indefinite epoch. This process is not described by an
event pair, only by an event sequence. SRT has no native aptitude
to describe rates. Its rate follies are the direct result of stretching
an event calculus past its elastic limit. Yet the theory’s problem
with clock rates is more poignant than a mere inaptitude. When
winkled out of the point event mold and considered as physical
observables in their own right, clock rates are described by SRT
and are described inconsistently. That is the bitter pill supporters of
the theory can never swallow ... It is the aspect critics cannot and
should not forgive.

Since so much is made of the logical self-consistency of SRT
as an event calculus (which is undeniable), it is worth pausing to
pinpoint the locus of its inconsistency as physics. Specifically, con-
sider the acceleration-free version of the twin paradox adduced
by Wheeler and Taylor.*>! The traveler goes out, moving iner-
tially and staying young. He passes the torch to another traveler
of his identical age, who returns also inertially and similarly stays
young during the journey, so that all observers agree on the youth
of this second traveler compared to the stay-at-home. To be sure,
the identity switch here is a bit of a swindle, since to eliminate it
would eliminate the acceleration-free feature ... but let us not
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chop the logic of these authorities. To make matters clear to the
meanest intellect, they offer a Minkowski diagram showing a
large theoretical discrepancy between the two travelers” concep-
tions of “same time” at a distance. This discrepancy translates to
a large clock phase (absolute aging) jump attributed by the trav-
elers to the stay-at-home. Taking account of this phase jump al-
lows the returning traveler to understand why his theory has
predicted a very slow clock rate—meaning very little aging —for
the stay-at-home, whereas the latter’s observed aging is actually
very great. The logical self consistency is perfect: SRT, applied by
the travelers, predicts a very small aging rate of the stay-at-home,
but it also predicts a very great net aging, the discrepancy being
due to a clock phase jump requiring a “clock resetting” mid-
stream or elsewhere (your call). The logic, and the nonsense, of
jumping clocks, are both perfect ... of that degree of perfection
one looks for in the most refined works of idiot savants.

We can imagine a dialog of the following sort between the
outgoing traveler T1 and the incoming traveler T2:

T1: Hail, fellow traveler!

T2: Well met, brother. What can you tell me about that
bibulous fellow you left on Earth, whom I journey to visit?

T1: The sot has drunk from a veritable Fountain of Youth
and aged very little during my journey—and will age
equally little during your remaining journey. However,
when I pass on to you this Torch of Faith, he will get his
come-uppance. That act will cause his days suddenly to be
numbered. By instant action at a distance his goatish gam-
bollings among the lambs of spring will abruptly cease and
the frosts of age will blight his few remaining palsied
hours.

T2: Should we really do this to him? It seems a dirty trick.

T1: True, but have no fear ... he is a low fellow of little
imagination who will suspect nothing and have no basis
for recrimination. To him it will seem that he has lived a
life as full as that of any other sinner. He will be under the
illusion of experiencing uniform clock rates throughout his
lifetime.

T2: Wondrous indeed is thy name, O Science.

T1: Yea, verily, more so than that of Science Fiction. Such
revelations are the emoluments of those who sustain their
monastic faith in theory, unbroken by the harsh impinge-
ments of worldly experience.
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T2: True ... yet flesh is weak. My shining faith is some-
times tarnished by doubt. Why is it that this act of our
passing the Torch will produce such drastic distant conse-
quences?

T1: Reason it out, little brother. Pure reason is the Kantian
soul of Science: Human agings are by definition continu-
ous except at events of discontinuity. Our motions, yours
and mine, are continuous except at our present event of
passage. What else may be logically concluded than that
this unique event of discontinuity bears a causal relation-
ship to our partner’s aging discontinuity, which we know
to be factual because the noble theory predicts it?

T2: Blessings upon you, Font of Wisdom, for reaffirming
my faith through the implacable power of reason. May
yours be the timeless serenity of the closed mind, may you
be rewarded with instant tenure and a full professorship at
that great Harvard-in-the-Sky to which you journey, and
may your endless worldline prosper eternally under the
Diagram of Minkowski: Inn hoc signo vinces.

T1: In the name of Einstein, the Father, Minkowski, the
Son, and the Holy Spirit of Spacetime, farewell. May we
meet again on the far side of Riemannian curved
space ... meanwhile, join me in prayer that nobody pulls
the same dirty trick on us.

T2: Amen, brother, amen. Pax vobiscum. And look out for
wormhoooooles!

SRT’s logical self consistency is never in question. But self
consistency is not enough for physics. A theory’s “self” is a small,
vain thing. It swells and takes on greater proportions only to the
extent that it does not conflict with the general background of
human experience. In this case we happen to know about biologi-
cal aging processes that they do not suffer discontinuities. The
travelers know this, so they have every human right to be dissat-
isfied with a theory that tells them the stay-at-home continually
aged at a very slow rate during every moment of each of their
journeys, yet was found in the final event to have aged mightily.
For experience tells them about the aging process that it takes
place uniformly and continuously in nature—so if it was factually
slow throughout the journey it is inconsistent (not with logic but
with experience) to assert a discontinuously large factual net ag-
ing.
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The traveling inertial observers cannot use SRT to get predic-
tions in agreement with their broader knowledge of the continu-
ity of biological aging processes. By no means can the theory’s
event calculus be induced to reveal to either of the travelers a
number describing that actual uniform rate at which the stay-at-
home’s clock runs as a matter of physics—the number that quan-
tifies the stay-at-home’s “illusion” of a uniform aging rate. That
“illusion” is a factual (“measured”) aspect of nature in which the
theory shows neither interest nor capability. Instead of revealing
to the traveler the facts about the stay-at-home’s clock rate, SRT
flaunts another (smaller) “rate” number in direct conflict with
what is observed by anyone. That is, it disports itself incestuously
with events, getting its story in that department straight by fanta-
sizing about clock phase jumps. Although the theory tells the
travelers the truth about total elapsed times, it lies to them about
clock rates—it fails to tell them what was factually observable
and tells them instead something inconsistent with experience and
consistent only with the theory. Telling the truth about Peter thus
excuses lying about Paul.

Inconsistency with experience in no way discourages a rela-
tivist. We have already remarked that SRT denigrates experience.
It has to do so in order to survive. The most striking example is
its allegation of the invariance, hence the physical “reality,” of the
spacelike interval do . Practically by definition there is, and can
be, no experience to back that up. In such a case experience is dis-
counted —it does not matter. This style of approach is pure meta-
physics, in the pejorative sense. Even relativists cannot stick by
such an attitude, for when challenged to show evidence in sup-
port of their theory they have nothing to fall back on but experi-
ence. So they play fast and loose with experience, appealing to it
when convenient, ignoring it when convenient. Experience is
their bagatelle, their political football.

But a day of reckoning is at hand. Although physicists can
keep this up, generation after generation, never breaking stride
nor blinking an eye, there are also engineers in the world, and
they are answerable to the world as it is. Some of them have de-
signed a Global Positioning System (GPS) that uses traveling
clocks. For anyone who respects experience, experience with the
GPS can have a decisive bearing on the fundamental issues of
relativism. Empirical data from multiple sources are now avail-
able showing timekeeping asymmetry to be an objective physical
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fact. So, it is high time to end the symmetry-asymmetry ambigu-
ity. In the next section I call attention to direct evidence provided
by the GPS.

6.4 GPS evidence for clock rate asymmetry

The Global Positioning System (GPS) has been fully operational
now for over a decade and has yielded data directly relevant to
the issue under discussion. Atomic clocks in various earth satel-
lites have work done on them (in the course of placing them in
earth orbit), which alters their gravitational potential energies
and states of motion. In presumed consequence of such altera-
tions their running rates are changed in accordance with known
laws. The effect of “time dilation” resulting from motion (atomic
clock rate slowing by a relativistic y-factor), mentioned above, is
verified, and also the effect of raising the clock to a position of
weaker gravity (clock rate increase) or of immersing it deeper in a
gravity field (rate decrease). Since clocks in various earth satel-
lites must all be able to “talk to each other” and to master clocks
on the ground, it is highly advantageous as a practical matter to
have them all running continually at objectively the same rate.
Nowhere does SRT hint at such a thing as either possible or de-
sirable; but fortunately, like Dingle, GPS engineers do not “un-
derstand” SRT. As discussed above, it is their practice to modify
the running rates of the satellite clocks, while still on the ground, by
“tuning” them to new permanent running rates chosen to com-
pensate the anticipated effects of change of both gravity and state
of motion. This is done routinely, and the results—a working sys-
tem —speak for themselves.

Let us contemplate what this means. When the to-be-orbited
clocks, while on earth, are altered in their running rates, they
thenceforth permanently cease to be Einstein clocks. An attempt
to use such a clock to measure the speed of light on earth would
not yield the “universal” value c, but some other value. (Speed of
any kind is a quotient of length and time. In a given stationary
apparatus for measuring the speed of light no length change oc-
curs, but a clock rate alteration would change the numerical quo-
tient.) Already we are well beyond the SRT pale. Such altered
clocks defy established canons of thought: they are not “clocks,”
because they are not Einstein clocks. Their existence is forbidden
by Einstein’s second postulate of light-speed constancy. The time
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they tell is not “time,” but something for which SRT’s acolytes
lack even a name.

Next, this spayed (non-Einstein) clockette—dare I call it a
clock? —is placed in orbit and it runs as intended, at the same rate
as earth-surface clocks (and at the same rate as the other compen-
sated satellite clocks, as all can mutually confirm by radio sig-
nals). This is an objective fact, validated by experience. The sys-
tem would not work otherwise. It means that the clock-rate al-
teration due to motion, quantified by the j~factor, is also an objec-
tive fact, because it was objectively compensated and its effects
thereby caused objectively to go away. Uncompensated or
proper-time clock slowing due to motion is thus not an appear-
ance but a verified fact.

In further discussion here we shall set aside for now the
gravity effect on timekeeping, supposing variations of location in
a gravity field to be separately compensated. (This is legitimate
because both gravity and motion compensations produce small
and independent effects, which superpose linearly.) The compen-
sation for motion, then, acts to speed-up the orbiting clock’s rate
so that it keeps up with the faster-going earth clock, thus counter-
ing the natural tendency of the orbiting clock to go slow due to
the motional “time dilation” effect. Since the compensatory
speeding-up was an objective fact, and its resulting equalization
of all clock rates was an objective fact, it is apparent that for a true
Einstein proper-time clock (ie.,, any uncompensated clock) its
slowing in orbit is also an objective fact. And at no time does the
earth-surface proper-time clock alter its fast running rate. Despite
the relative motion, it does not run slow nor “look like” it is run-
ning slow to any of the moving satellites—nor is it “measured”
by them as running slow!

Hence it is in direct disagreement with fact to assert reciproc-
ity, as SRT does, such that symmetry prevails between the earth
clock which “sees” the satellite clock slowed and the satellite
clock which “sees” the earth clock slowed. The satellite clock
must see and measure the earth clock not as slowed but as con-
tinuing to run fast—for the simple reason that the (compensated)
satellite clock has been deliberately speeded up to match; and it
can verify, while in orbit, that this speeding up has brought it into
rate equality with the ground clocks. To repeat, there is an objec-
tively real asymmetry—otherwise the compensation would not
work. If the satellite clock (compensated or not) were to “see” the
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earth clock as slowed, there is no way the orbiting compensated
clock could “see” all (earth and other orbiting compensated)
clocks as running at the same rate as itself.

Despite my many and repetitious verbalisms, some readers
may be so deeply indoctrinated with SRT as not to find the above
claim of a genuine clock rate asymmetry convincing. If this is the
case, let me offer a couple of clinchers to the argument, at the risk
of wearing out the patience of any reader already convinced.

Timekeeping Asymmetry Clincher #1. The most direct way to
see the relativity-violating asymmetry is to recognize that the
earth-surface proper-time clock X must be running objectively
faster (not appearing to run slower, as relativistic symmetry
would have it) than the orbiting proper-time clock Y (X >Y), be-
cause the orbiting compensated clock Z is observed to run at the
same rate as the earth-surface proper-time clock X, keeping con-
tinually in step with it (X=Z), and Z’s compensation was such as
to make it run faster than the orbiting proper-time clock Y (Z >Y).
(This was true on earth where the compensation operation was
performed, and remains true when compensated and uncompen-
sated clocks are orbited together.) Thus if X has the same rate as
Z, and Z runs faster than Y, then X must run objectively faster
than Y. (In symbols, X=Z7>Y implies X >Y.) However, X cannot
objectively run at a different rate from Y (X #Y), without violating
the customary understanding of the relativity principle—to wit,
(a) that proper-time intervals are invariant, hence natural clock
rates are the same in all inertial systems, which are “equivalent”
as to their physics; (b) that asymmetries among inertial systems
are only appearances; (c) that there is hence an underlying sym-
metry of (apparent or “measured”) asymmetries.

But, I forget, the foregoing is an application of Aristotelian
logic, which has long gone the way of Euclidean geometry. Both
are now relegated to footnotes to the higher logics. I have no
doubt the latter can readily cope with the above criticism or any
others. The result will be the same in all cases: to reveal that the
SRT critic has no understanding of the theory. Indeed, by defini-
tion no adverse critic could possibly understand a theory that is
not a theory but a fact. Facts can be misunderstood but never
criticized. Historically, Aristotelian logic served to establish SRT,
via Einstein’s train example. But when it fails to keep it estab-
lished, the mobilization of more powerful logical means becomes
justified to that good end.
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Preparatory to a second clincher, it will be useful to review in
some detail how GPS clocks are compensated. We restrict atten-
tion to atomic clocks (specifically, cesium clocks) as our basic
measuring instruments. The notional procedure is as follows:
First a reference environment is chosen—say; a state of rest on the
earth’s surface at a certain place (altitude, gravitational potential)
and any clock placed permanently in that environment and using
a chosen atom (cesium) is elected to be a Master Clock. (A Master
Clock fixed on the earth’s surface will itself in general need com-
pensations for earth spin, etc. —but I omit this complication here.)
The reference proper-time “second” of time is then defined as
some agreed number N, of natural hyperfine resonant oscilla-
tions of the cesium-133 atoms of the Master Clock in its reference
environment (N, being some large integer). Thus, whenever N,
oscillations have occurred, a counter contained in the clock is set
to mark the time-passage of one “second.”

In what follows I shall continue to leave gravity out of the
discussion. (That topic will be addressed in Chapter 8.) In order
consistently to quantify timekeeping in a different motional envi-
ronment characterized by squared-velocity v* motion relative to
the Master Clock, and by an associated time dilation factor
y=1/y1-(v/c)*, a compensation is conveniently introduced
prior to transfer, while the secondary clock to be transferred to
the new environment is still co-moving with the Master Clock.
This compensation consists in setting the secondary clock’s
counter to redefine the “second” as N =N, /y oscillations of the
cesium atom. That is, in agreement with Eq. (3.3b), the factor f by
which the running rate of a clock, altered by having mechanical
work done on it, is compensated to restore the original rate, is

fzﬂzl, Ny =fN,. (6.13)

dt y

The second thus redefined —once the clock is placed in its in-
tended new j-state of orbital motion—will measure the earth-
surface second of “time” and hence will keep the orbiting com-
pensated clock permanently in rate synchrony with the Master
Clock. (This rate synchrony does not refer to the basic atomic os-
cillations, which are motion-affected, but to the clock “ticks” oc-
curring at “one-second” intervals.) Given a known further change
in state of motion, Ny must be assigned a different value.
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Why does this compensation procedure work? Simply be-
cause the relative motion of the clock, when it has been placed in
its new state of motion by doing work on it, causes its internal os-
cillator to run objectively slow by the y-factor. (The relative motion
between orbital clock and Master Clock is not postulated, as in
Einstein’s kinematics, it is produced, by work being done asym-
metrically, on the orbited clock and not on the Master.) That is,
the cesium atoms in the clock on which work has been done will,
in the perverse nature of things (the faster a clock “travels,” the
slower it “runs”), become lazy and oscillate more slowly by the -
factor ... so, in order to cause this work-tranquilized clock to
simulate the timekeeping of the faster earth clock, we have to fool
it as to what the “second” is. Since we cannot speed up the actual
atomic oscillations—that being against nature—our only recourse
is to count the “second” as a different (smaller) number of oscilla-
tions. Because the time-dilated oscillations have longer periods,
fewer of them are needed to quantify a given stretch of earth-
surface time ... so we divide N, by y>1 to effect our compensa-
tion. As noted, this is merely a matter of resetting the clock’s in-
ternal counter (which tallies an integral number of oscillation
events—the integer closest to N,/y —that defines what we
choose to mean by the orbital clock’s “second”).

From the above we recognize the feasibility of fabricating a
single clock that performs two separate and independent time-
keeping functions: It contains a single cloud of cesium atoms but
uses two counters, one set to count the second as N, oscillations
of the hyperfine resonance (thus measuring proper time 7 ), the
other set to count the second as N;=fN;=N,/y oscillations,
thus measuring rate-compensated time ¢,, to which we shall give
the name “collective time,” to suggest its shared nature among
differently-moving clocks. Here, as above, y(v*) describes the ef-
fect on timekeeping produced by a relative motion v*. We may
call this a dual-function clock. Chapter 7 will elaborate on this con-
cept.

Timekeeping Asymmetry Clincher #2. One form of the relativity
principle may be viewed as asserting a symmetry of operational
procedures between any two inertial systems, such that similar op-
erations produce similar results. Thus the (notional) orbiting ob-
server and the earth-surface observer should be able to do similar
clock compensation operations and get similar measurement re-
sults. Let us look into this. Suppose we have on earth side-by-side
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two dual-function cesium clocks of the sort just described, ini-
tially at rest on the top of a tall mountain. One we leave at rest, so
that it continues to run at its normal rate, showing both earth-
surface proper time and j-compensated (rate-speeded) collective
time. The other dual-function clock we place in low orbit—at the
same gravity potential, to eliminate effects of gravity difference
from the problem. Because of time dilation—a physical phe-
nomenon causing a reduction of the natural oscillation rate of the
cesium atoms—both functions of the dual-function clock have
their atomic oscillations slowed by a j-factor when the clock is
placed in orbit. (The two “clocks” of a dual-function clock are
equally affected, their rates being proportional, because both de-
rive their basic running rates from the slowed oscillations of the
same cesium atom cloud.) This rate reduction of the orbiting
clock means that its proper-time clock runs slower than the earth-
surface proper-time clock by a j~factor, and that its compensated
clock runs (counts seconds) at the same rate as the earth-surface
proper time clock (per GPS evidence). That is what the compen-
sation was designed to achieve.

Next, consider the orbiting clock to be returned (by rocketry)
to its original state of motion, side-by-side with the earth-surface
clock. We may suppose that this restoration of the original envi-
ronment of the cesium atom cloud restores its original oscillation
(running) rate. Alternatively, suppose a dual-function clock to be
built ab initio in orbit, by the same operational procedures used
for the corresponding clock-building on earth; and let it be trans-
ported to earth’s surface. In either case, after return to earth, the
“traveling” dual-function clock’s proper-time rate will match the
proper-time rate of the stay-at-home clock, and its ~compensated
clock rate will match the j-compensated rate of the compensated
stay-at-home clock. This agrees with the twin paradox assump-
tion that the space traveler after returning home will age once more
at the same rate as the non-traveler. It implies a speeding-up of
clocks transported from orbit to earth; to be contrasted with the
slowing-down that occurs as a result of transport from earth to
orbit. (We shall have more to say presently about the “reversible
work” involved in such transport.) Thus the two types of trans-
port produce asymmetrical effects on timekeeping. This factual
reciprocity, y —1/y, already conflicts with accepted understand-
ing of the relativity principle, which asserts a measurement
symmetry, y —>y.
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Let us specify certain clock rates for easy reference:

A =rate, when transported from orbit to earth’s surface, of
a clock built in orbit and compensated there by increasing
its rate by a factor of y.

B =rate, when not transported, of an uncompensated clock
built in orbit and showing natural or proper time there.

C =rate, when not transported, of a clock built on earth’s
surface and compensated there by increasing its rate by a
factor of y.

D =rate, when transported from earth’s surface to orbit, of
a clock built on earth’s surface and compensated there by
increasing its rate by a factor of y.

E = rate, when not transported, of an uncompensated clock
built on earth’s surface showing natural or proper time
there.

Suppose, as before, that the orbiting observer mimics the
other and builds a dual-function cesium clock in orbit, set to read
both proper time and (rate-speeded) compensated time. We con-
tinue to exclude gravity from the problem or suppose it sepa-
rately compensated. If relativistic symmetry prevailed, the orbit-
ing compensated clock, when retro-fired in a rocket and returned
to earth’s surface (clock A), would run in step with the orbiting
proper-time clock B (A =B). [That is, by the relativity principle,
the symmetry D = E demands a matching symmetry A =B.] But in
fact clock A must run in step with the permanently-resident
earth-surface compensated clock C (A =C), because the compen-
sation operation (substitution of N; for N,) was numerically
identical in both inertial systems, and all clocks sharing a given
state of motion run at the same rate when set in the same way.
[Here we assume that any naturally-running clock, wherever
built and however orbited, when returned to earth’s surface via
any history of motion, without fiddling its rate, will run after re-
turn to earth at the same rate as the native proper-time clocks
permanently resident there. On this we simply follow Einstein,
who founded his SRT on an implicit “state function” assump-
tion—one of several unstated assumptions—that natural clock
rates are a function of their state of motion. This means that all
uncompensated clocks, regardless of history, when placed in a
given state of motion, run at the same (natural or proper-time)
rate, other things such as gravity being equal. This state function
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attribute must apply also to all clocks set to run in the same
way —e.g., compensated by the same y-factor.]

Since the compensated-in-orbit-and-transported-to-earth
clock A runs in step with the earth-surface compensated clock C,
A=C, it cannot run in step with the orbiting proper-time clock B
(as demanded by relativistic symmetry), because the latter by its
setting runs slower than the orbiting compensated clock D
(B < D). The clock D is known from GPS data to run at the same
rate as the earth-surface proper-time clock, E (E =D), which in
turn by its setting runs slower than the earth-surface compen-
sated clock (E <C). Thus our inequalities yield B<D=E<C=A,
or B <A, which contradicts the symmetry requirement B =A of
the relativity principle. In short, operational symmetry fails, and
with it Einstein’s form of the relativity principle. Incidentally, our
argument shows that B <E, hence B #E, so proper-time symme-
try fails, as we have repeatedly claimed.

The operational procedures of clock compensation that work for
clock transfers from earth to orbit do not work for identical transfers in
the other direction. SRT’s alleged symmetry of inertial systems in
respect to clock running rates, or in respect to operational proce-
dures of clock setting, is not there in nature. The fault traces to
the accepted form of the relativity principle itself, or to its mis-
conceived application by SRT. Hence that principle, which dic-
tated the spurious alleged symmetry, must be reformulated. (This
will be one of our subjects in Chapter 7.) In effect SRT is directly
refuted by GPS evidence that has been in the public domain since
1993 ... an interval during which the physicists” universal hype
claiming total confirmation of SRT built to a crescendo in 2005,
the annus mirabilis + 100.

In summary, the SRT tale of “seeing” or “measuring” time-
keeping symmetry is a myth. Manifestly, there is a real, measur-
able asymmetry of physical clock rates. It must be accepted as a
fact that when work is done on any clock (compensated or un-
compensated) to alter its state of motion, it runs thereafter objec-
tively at an altered rate in the new motional state. (We shall pres-
ently conclude that a comparable thing is true in regard to grav-
ity potential energy changes.) An asymmetry of physical energy
states produces an asymmetry of clock rates; i.e., motions leading
to different total energy states produce different clock running
rates. This seems to be the experiential-world reflection of the
underlying physics
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This has been a rather taxing section of my book, both to
read and to write. I hope the reader has been able to follow it, for
it contains the crux of what needs to be communicated in identi-
fying one of the most basic and enduring flaws in current theo-
retical physics. I think nobody who takes the trouble to study it
can miss the point.

6.5 Clock rates, free-falling vs. supported in a gravity
field

Let us probe a bit deeper. The relativity principle concerns purely
inertial motions, and it would seem that not all GPS clocks satisfy
that. It is likely that SRT’s defenders, quick to detect loopholes,
will feel that in the example just given I have wrongly attributed
symmetry to “inertial systems” by ignoring the distinction be-
tween a true Einstein inertial (free-falling) proper-time clock in
orbit and a proper-time clock supported at rest in a gravity field,
e.g., our hypothetical surface-clock supported on a mountain
peak. Actually, as we next show, for an arbitrary state of motion
along a gravity equipotential surface, a clock’s natural running
rate does not depend on its degree of “horizontal” support
(transverse to that surface) in the gravity field. First, two theo-
rems, one false and one true:

Theorem (False). The proper-time running rate of a clock, de-
pendent on its potential energy (depth or position) in a gravity
field, when in free fall, does not depend on its state of motion.

“Proof:” A clock in free fall can be spoken of as at rest in a lo-
cally inertial system. As a result of its inertiality, this free-falling
clock, if subject to no deliberate “corrections” and allowed to run
at its natural rate, tells proper time by definition. Such a clock,
viewed as being at rest in its local inertial system, cannot have its
rate affected by its absolute state of motion, according to the usual
understanding of Einstein’s relativity principle, which asserts all iner-
tial systems to be equivalent for all measurement purposes, in-
cluding timekeeping. So, the proper-time running rate of the free-
falling clock is independent of its state of motion, g.e.d.

Commentary: I am obliged to remark about this “proof” that it
relies on the relativity principle, as normally interpreted, for its
claim that the proper-time running rate of a free-falling clock
does not depend on its state of motion. Actually, this is directly
and definitively contradicted by the GPS evidence, since the -
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factor correction used in pre-compensating the clock does depend
on the clock’s state of (anticipated) orbital motion. The compensa-
tions are different, for instance, at a given satellite’s aphelion and
perihelion, where the speeds differ (as does gravity, but we con-
tinue to view that as separately compensated). Both gravity po-
tential change and state of motion change affect the running rate
of the GPS proper-time clock when placed in orbit. Different or-
bits require different compensation factors; yet if proper-time
clock rates were the same in all orbits, as the theorem asserts, the
compensation factors (needed to bring them all into step with the
earth-surface Master Clock) would be the same. For this reason, on
empirical evidence, I consider this “Theorem” to be physically
false (although true according to the premises and logic of SRT, as
normally understood).

Theorem (True). The proper-time running rate of a clock, de-
pendent on its potential energy (depth or position) in a gravity
field, does not depend on its degree of “support” at a given value
of gravitational potential (i.e., does not vary from free fall to full
support at a given “height” in a gravity field, regardless of its
state of transverse motion on an equipotential surface).

Proof: Consider our clock supported in a gravity field on a
mountain top. (The “mountain top” may be traveling, with or
relative to the earth, at any transverse—horizontal —speed.) It
runs at some natural rate. Let it be dropped under gravity —that
is, put instantaneously into a free-falling local inertial system. Ini-
tially, this new rest system of the clock is at the same gravity po-
tential as, and at zero relative speed with respect to, its previous
state of motion. Therefore initially the (y —1) -factor describing its
slowing due to change of motion, and any effect of gravity
change, must both vanish. So neither motion nor gravity change
can have an instantaneously observable effect on the clock’s run-
ning rate. This is to say, immediately after the clock is dropped,
its running rate remains essentially invariant. But we know that
when dropped it instantly becomes inertial and runs by definition
at its proper-time rate for that position in the gravity field.
Whether dropped or supported, inertial or non-inertial, all natu-
rally-running clocks at the same place in the field run at the same
rate. Hence, our result is established without appeal to any relativity
or equivalence principle: degree of “support” in the gravity field
has no effect on clock proper-time running rate, g.e.d.
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In consequence of this theorem the fact that some clocks of
the GPS earth-satellite complex are truly inertial and some are
supported in a gravity field makes no difference from the case in
which all clocks are truly inertial. For the latter case Einstein’s
form of the relativity principle is clearly violated by what is ob-
served. In other words, if we drop the earth Master Clock, then
instantly all clocks of the GPS become inertial, and the uncom-
pensated Master and compensated orbiting clocks stay in step,
contrary to Einstein’s form of the relativity principle, which
would require the dropped clock’s proper-time rate not to stay
the same but to decrease instantly, upon becoming truly inertial,
to match the decreased proper-time rates of the other truly iner-
tial (orbiting) uncompensated proper-time clocks—as asserted by
our false theorem.

Further commentary: SRT is a hard theory to refute. One has
the sensation of shadow-boxing inside a fogbank. As mathemat-
ics, SRT is simple and well-defined; but as physics it takes on all
shapes from Mah to Mahi, all shapes of Vishnu. It is the quicksil-
ver of physical theories ... wherever you stomp on it, it is some-
place else. Suppose, for example, that after much expository labor
(as above) you have convinced one contingent of its supporters
that timekeeping asymmetry among inertial systems is not an
“appearance” but an objective reality. Then another contingent is
sure to come charging up with,

Stop wasting our time. We knew that all along. Of course
time dilation is objectively real, and of course the Lorentz
contraction is objectively real—that’s exactly what the
equations of the theory are saying. It's trivial: These two
real physical phenomena work together to ensure that the
quotient of distance and time covered by propagating light
is a universal constant c. Why all the fuss? You obviously
don’t understand the most elementary aspect of the theory.

It is worth remarking, in commentary on the position just
quoted, that a belief in the objective reality, hence asymmetry, of
time dilation entails a matching belief in the objective asymmetry
of the Lorentz contraction—unless the believer is prepared to
abandon velocity reciprocity among inertial systems, and with it
the Lorentz transformations. This particular contingent is on thin
ice in respect to the facts of empiricism (see Section 6.7, where
mention is made of the failure to date of attempts to verify the
Lorentz contraction as an objectively real physical phenomenon).
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They are on the same sort of thin ice as the general relativists who
stake everything on the next round of refinement of gravity wave
detection—ever retreating into the next decimal place. The main
difference is that the general relativists are at least seeking em-
pirical confirmation, whereas the special relativists nowadays rest
on their oars in that department and rely on myths about experi-
ments instead of experiments. Does living memory go back to the
last time an SRT supporter demanded empirical evidence for the
Lorentz contraction? The SRT schools of thought are legion and
their obligation to mutual consistency is nil. The schisms among
them mirror those characteristic of the more honestly-
acknowledged religions.

6.6 Platonic time and simultaneity

A new view fostered by the GPS evidence is that actual clocks are
related to a Platonic ideal conception of “time” (our collective
time #,) in much the same way actual thermometers are related
to an ideal conception of “temperature.” In each case compensa-
tions are necessary and possible, owing to knowledge of the ap-
plicable physical laws, to enable the actual to approach the ideal.
If we want to describe either time or temperature in the simplest
way, it behooves us to make the corrections without apology. In
the case of time, we already know for balance-wheel clocks to
make corrections for friction, efc., without fussing. But for some
reason we have balked at corrections for changes of state of mo-
tion, and have developed a mythology of “symmetry” of time-
keeping among inertial motions for use on all occasions not in-
volving comparison with experiment.

From the present standpoint, Einstein’s error lay in need-
lessly over-complicating physical description by failing to recog-
nize the desirability of compensating for “apparatus effects” of
motion and gravity on timekeeping —effects whose existence was
only beginning to emerge in 1905. Consequently motional effects,
instead of being eliminated, became integrally incorporated into
time’s definition. The resulting non-optimal definition of “time,”
abetted by a non-invariant electromagnetism, produced a com-
plex, contorted, ugly physics that was mathematically neverthe-
less beautifully self-consistent ... and for that reason was inordi-
nately admired for its beauty. Let us pause to analyze: SRT’s event
calculus is designed to tell us, when we know four coordinate
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numbers describing the space-time location of a point event in in-
ertial system K, what the corresponding four numbers are that
describe the same event in inertial system K'. It will do this infal-
libly, with total consistency with the theory’s axioms and without
contradiction. That is what it will do and all it will do. Ask it for
more and it defaults. Ask it to describe clock rates and it de-
faults ... rather, it abandons consistency. It took a century before
the actual falsity-to-nature of the resulting theory clearly
emerged. Indeed, that process of discovery is still going on—the
onset of its very beginnings not yet (at this writing) having
dawned on the professional physics community. SRT deserves its
place in history as a testament to the persistence of mutually
compensating errors, abetted by an amazing forgiveness and
obliviousness of error by its “scientific” patrons.

Lest I be accused of uncritical Platonism here, I pause to in-
sist that my objection to Einstein’s treatment of inertial systems
(as embodying the perfect symmetry permitted by ignoring the
path-dependent machinery of motional history) is precisely that
it is oo Platonic. That is, it is too dissevered from operational real-
ity. One never encounters in nature anything like Einstein’s free-
floating Gedanken inertial systems, nor is one’s state of ignorance
ever so profound as to warrant the hypothesis of no conceivable
knowledge of the physics of actions by which objects (including
“reference frames”) acquire altered states of motion. Nor, for that
matter, can such free-floating systems be reconciled with Ein-
stein’s own recognition of the path dependence of proper time.
Relative motion change is more likely to be produced by perspira-
tion than by postulation. To establish differences in state of mo-
tion, work always has to be done and energy state changes have
to occur—be they only Gedanken changes. That such energy
changes of “frames” can be ignored, as Einstein and the mathe-
maticians have it, is an hypothesis that is contrary to what is
known or readily inferred on the basis of today’s knowledge of
the empirical facts of timekeeping.

My philosophical position, then, is one of a moderate advo-
cacy of tolerance for a bit of Platonism and a bit of operationalism
or instrumentalism—always with insistence on certified reliabil-
ity of the instruments. It was the uncritical identification of ideal-
ized “inertial systems,” divorced from how objects at rest in them
attained their different states of motion, that contributed heavily
to the prosperity of Einstein’s basically indefensible SRT. One has
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to take one’s Platonism eclectically and examine one’s ideals case
by case—critically. If we would be physicists, we need to keep
our minds open, stay philosophically loose, and be ready to jump
with the cat. The readiness is all.

If we elect to stop playing the SRT game—to make new rules
and play a different game —then Einstein (proper time) clocks be-
come simply uncompensated clocks that fail to tell properly the
simplest and most useful kind of “time” ... much as uncompen-
sated thermometers—though they undeniably tell temperature —
fail to tell properly the most useful kind of “temperature.” The
pernicious consequences of this time-telling failure include loss of
a consistent universal “now” —the now of our everyday personal
experience —the discrediting of perception and the taking on of
an elaborate load of ideological baggage, of gripping interest to
philosophers, scholars, teachers, mathematicians, journalists,
popularizers of science, and a motley horde of other camp fol-
lowers, but of no use to physicists.

Once we recognize that Einstein’s timekeeping (clock rate)
symmetry between inertial systems is not there, and accept the
idea of collective time (elaborated in the next chapter), we be-
come able to recognize a more important symmetry between iner-
tial systems that is there—uviz., the symmetry of distant simultane-
ity. This is the physically significant symmetry, vital to the exis-
tence and reciprocity of “now” and to an understanding of ac-
tion-reaction balance, quantum non-locality, gravity’s instant
force action, and even the definition of causality/acausality. With-
out its acceptance, quantum mechanics has to be looked upon as
some sort of temporary aberration—a passing fad. Einstein ban-
ished distant simultaneity to limbo, and only a virtually unprece-
dented resurgence of mass sanity can reinstate it.

6.7 Length Invariance

The compatibility of distant simultaneity, one of our key topics in
this chapter, with length invariance—indeed, the direct equiva-
lence of the two concepts—may be seen from a completely ele-
mentary consideration: Let two equal meter sticks slide past each
other at any speed less than c. If their lengths are invariant under
this relative motion, the events of coincidence of their end points
will occur simultaneously for observers riding with each stick—
indeed, for all observers. It is only through Lorentz contraction,
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or the equivalent, that any other conclusion can be reached. Con-
versely, regardless of how relative motion affects clock running
rates, if proper-time readings of clocks at the ends of each stick,
pre-synchronized (in the usual way of Newton or Einstein) inde-
pendently by each of the two stick-riding observers, are equal for
the coincidence events (not necessarily the same numerical read-
ings for the two observers), this can happen only if the sticks are
of equal length.

From this it would appear that length invariance, a postu-
lated input to our neo-Hertzian theorizing of Chapter 3, logically
entails the absoluteness of distant simultaneity. I have not, how-
ever, striven in this exposition to axiomatize my propositions nor
to pare down my arguments to minimum logical essentials. New-
ton the Lion could take that path, because he had no seriously es-
tablished opposition (Descartes and such aside) ... my task is
more difficult. It is less a job of physics and more one of sociology
or politics, an exercise in the art of uphill persuasion. Few people
find axioms persuasive. Formal axiomatization is for the per-
suaded. Nevertheless, there are certain jobs that only axioms can
do.

Up to this point I have baldly postulated length invariance,
in the teeth of SRT belief and without effort at justification be-
yond pointing out, as above, that distant simultaneity implies
length invariance and vice versa. Let me pause here to try to give
this a deeper shade of plausibility before going on. When two dis-
tinct point objects, initially at rest, are subjected to identical accel-
erational histories parallel to a line joining them, their separation
distance does not change, as measured in the original rest system.
This is what common sense, Euclid, Galileo, and Newton all say,
and for once Einstein agrees. That is, according to SRT, the initial
rest-system observer will neither “see” nor “measure” any altera-
tion of the distance between the two point objects. Lorentz con-
traction is there none. So, one kind of “length” transforms invari-
antly. Another kind of length that so transforms is length trans-
verse to relative motion. So here, in the midst of SRT, are two dis-
tinct kinds of length that behave invariantly. Why not all kinds?

Why not, indeed ... The reason is the physicists’ commitment
to certain mathematics—the Lorentz transformations. The latter
started out describing a physical causal effect of the ether in lon-
gitudinally squeezing-together any body that tried to move too
fast with respect to the fundamental rest system of that ether
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(Lorentz-Fitzgerald contraction). There are still believers in a Lor-
entz ether possessed of a definite state of motion. (I am not one,
as I prefer not to multiply entities without necessity.) Einstein
kept the math of this but ditched the physics, so the Lorentz con-
traction ended up with no cause whatever. Bereft alike of physi-
cal cause and empirical support, the Lorentz contraction marches
bravely on today, sustained by a dogma—that of the “metric na-
ture of spacetime.” For those who abandoned hope of extracting
a causal explanation from SRT, the Lorentz contraction became a
“kinematic effect” —which is a scholarly-obscurantist way of say-
ing it just is.

And T say it just isn’t. When you trace the Lorentz transfor-
mations back to their point of origin, it is in the disabilities of
Maxwell’s equations —in the under-parameterization that renders
them spuriously spacetime symmetrical. Remove that deficiency
of electromagnetic description by improving the adequacy of
parameterization and you remove all basis for Lorentz covariance
and substitute the nobler aim of invariance of all equations qualified
to describe nature (i.e., objective reality). Once the conceptual obsta-
cles are thus removed —and since we know (i.e., all parties ac-
knowledge) that in certain circumstances there are certain kinds
of length that transform invariantly—I say let us suppose the
simple, the economical, the elegant thing: All length transforms in-
variantly in all circumstances. I predict that that will do very nicely
for a starting description of nature. Gimme that old time relig-
ion—it was good enough for Euclid and it’s good enough for me.
If in the far distant future this proves demonstrably, empirically
wrong, I solemnly pledge to come nonlinearly curving back out
of the fourth dimension, pop through a wormhole, and eat the
hats of Gauss, Riemann, and John Archibald Wheeler.

I suppose there exists a stubborn rear guard dedicated to the
proposition that the Lorentz contraction is proven empirically by
the Michelson-Morley (MM) experiment, mentioned in Chapter 3,
Section 1. In this area of argumentation, MM is the last resort of a
scoundrel. One can cut through reams of debate on this topic by
considering what the experimental apparatus actually did. It was
an interferometer with orthogonal arms and it sat in a pool of
mercury. That’s what it did. It sat. Occasionally, for variety, it
slowly rotated a bit. Then it sat some more. If you are going to tell
me that this “measures” an apparatus contraction somehow re-
lated to a quantity y =+/1-v"/c*, I have to ask you what it is that
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moves at this speed “v” with respect to what. No independent
provision in the experimental protocol involves the quantification
of any such parameter. As I remarked in Heretical Verities,>11 the
only thing characterized by v is an ether wind howling through
the minds of the experimenters. MM was more an experiment in
group psychology than physics.

I was recently asked to review a paper in which the author
claimed that the Lorentz contraction of extended structures has
been confirmed by hundreds of experiments. None was cited, but
the possibility of such a claim demonstrates the existence of a
pervasive myth among physicists. The metaphorical cemeteries
are full of bushy-tailed young men who tripped into their labora-
tories eager to win renown as the first on their block to observe
the famous Lorentz contraction and who ultimately emerged hol-
low-eyed husks, unsung and relegated to the teaching of fresh-
men. There have been possibly scores of ingenious attempts to
observe such a phenomenon, all of which have failed and few of
which have so much as earned mention by the textbook writers.
Failure is bad news, which is no news to pass on. The most recent
example of which I am aware that did achieve publication, is C.
W. Sherwin, Phys. Rev. A 35, 3650-3654 (1987). Like all before him,
Sherwin failed to find a contraction effect. However, null experi-
ments are tricky —there being always the possibility of effect can-
cellation by factors unanticipated by the experimentalist. (Recall
the “mode locking” apparatus effect in the Sagnac example.)
Consequently, neither Sherwin’s nor the numerous other unsuc-
cessful attempts to observe the Lorentz contraction can be taken
as nulls of sufficient certitude to constitute proof against SRT (or
against Lorentz’s theory). But one can surely conclude that the
unrelieved failure of attempts to achieve positive confirmation of
this aspect of SRT leaves open the logical possibility of length in-
variance as a basis for alternative theory. That minor degree of
concession must be asked of any physicists who would call them-
selves rational beings. The rest are either fanatics, or possessed of
information I do not have, or both.

6.8 Clock rate as an energy state function

Our interest in “time” motivates us to examine in slightly more
detail how it is measured. It will suffice here to confine attention
to atomic clocks, specifically the cesium clocks used in the GPS.
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The noteworthy thing not yet much emphasized about such
clocks, or clocks in general, is the important property they pos-
sess of reversibility of changes in their running rates. That is,
when work is done on a cesium clock to move it into a new state
of motion or a new position in a gravity field, its natural running
rate (rate of atomic oscillation v associated with a certain hyper-
fine-structure energy state transition AE, . =hv) is objectively
slowed (provided motional state change dominates over gravity
state change); but, if further work is done to restore the previous
environmental and motional conditions, the clock is automati-
cally objectively self-speeded in a dissipationless manner such
that the former running rate is precisely restored. (I cannot prove
this. It is a pure assumption, to be accorded axiomatic status.)

As for the cesium atoms themselves, we may model these as
complex harmonic systems undergoing, in the case of motional
changes, a total energy state change AE,,, together with the re-
versible (oscillatory) internal energy state change associated with
the atomic transition, AE,,,.. I hypothesize that the j-factor of
time dilation objectively affects the aggregate of these terms, with
the observable effect hv —hv/y on the cesium clock’s running
rate. Thus the oscillation period T =1/v — Ty increases, with the
consequence of clock slowing. But this all occurs in what
amounts to an atomic pure state; so, when the initial total energy
state is restored (e.g., by clock transport) the original oscillation
period is restored without dissipative losses. This is plausible if
the basic physical timekeeping entities, the atoms, remain unin-
terruptedly in quantum pure states—these being known to be
dissipationless or energy-conserving. Consequently, clock rate
may be considered a state function, as in thermodynamics. That is,
it depends on state of motion and position in a gravity field,
hence on total energy state. We may formalize this as a

Timekeeping Postulate 1. Clock rate is a state function and is
independent of motional history. It changes in a manner
that continuously tracks the progression of a clock’s total
energy state changes. Restoration of state restores clock
rate. All energy state changes may be referred to a given
(arbitrary) initial state of inertial motion.

Thus, to predict how the timekeeping properties of any clock
will change in passing from an initial to a final state, it suffices to
know its running rate in the initial total energy state and its final
total energy state. A specific candidate “law” quantitatively de-
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scribing clock rate change dependence on (motional and gravita-
tional) energy state change will be proposed in Chapter 8. There,
the relevant descriptor will be found to be action rather than en-
ergy.

From this Postulate 1 —which assumes no rate “hysteresis” of
a clock repeatedly cycled through different environmental
states—it is evident that all clocks in a given state of motion and envi-
ronment run at the same rate, regardless of their accelerational histories,
provided they can trace (by transport) their ancestral origins to a com-
mon initial state. This proviso can be dropped in the case of atomic
clocks, if we specify our clock type in terms of a given atomic
species and assume that species to behave reproducibly when-
ever reverting to an identical motional and gravity potential state.
It hardly needs saying that all such physical postulates should be
checked by physical experiments, wherever possible. In fact, as
we shall see in the next chapter, there is room for doubt about the
physical validity of Postulate I, so credence should be withheld
until empirical evidence becomes available.

For many practical purposes clock rate information fully suf-
fices, without concern for clock phases. Although the state func-
tion postulate settles (rightly or wrongly, in the manner of all pos-
tulates) the identity of clock rates in identical energy states, the
question of clock phases—that is, of actual elapsed “time”
(proper time or aging) told by a given uncompensated clock is
more difficult, being path dependent. Here path history informa-
tion is essential. (This accords with the inexact nature of the
proper time differential dr.) As we shall see in the next chapter,
the situation is entirely different for collective time t,, told by
rate compensated clocks. Here the differential dt, is exact and
there is no dependence on path or history of motion. Once com-
pensated clocks are synchronized, as by radio signals, they stay
in synchronism regardless of relative motions (in general requir-
ing, however, continual adjustments of rate compensation!).

As previously noted, it is sometimes suggested that accelera-
tion is what controls the net aging of clocks and space travelers.
Can less information than full accelerational history serve? Yes,
indeed, less does clearly suffice—although the instrumentation
required to obtain it would not be less. Consideration of Eq.
(3.8a), viz.,

Tfmveler = J.J/ildt :J‘ 1 - vfzmveler /Czdtinerfinl 4 (614)
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shows that in order to know all about a traveler’s proper-time
(uncompensated) clock reading, shown throughout every stage of
his journey, it suffices to know the full history, not of his accelera-
tion, but of his gamma-factor—which is to say, of v relative to an
inertial system. Such information—on the full history of v* —
appears to be both necessary and sufficient to describe the effect
of motion on timekeeping at the phase level of accuracy. Here v is
the relative speed of the traveler with respect to his starting iner-
tial system. So, implicit in any complete accounting for the phys-
ics of natural timekeeping is an initial or “fundamental” system
to which timekeeping reference is made (analogous to the rest
system of the GPS Master Clock). It does not matter what starting
inertial system is selected, but selected it must be. If, later, any
other system emerges for some reason as more convenient for
reference, a full history of v* for clock transport connecting these
two candidate “fundamental” reference systems must be
known ... else no complete account of natural (proper time) time-
keeping can be given.

That v, rather than velocity © or acceleration 4, is the cru-
cial parameter for timekeeping can be seen from the CERN ex-
ample.l*3l The circling muons were continually changing their
vectorial velocities 7 and accelerations 4, but maintained ap-
proximately constant v”> —and it is the latter that properly de-
scribes their observed uniform rate of aging. The role of accelera-
tional history (if introduced) is simply to supply the information
necessary to determine the v” history. If we know the history of
v changes, this is equivalent to knowing the history of kinetic
energy changes. So, all this can be stated alternatively in terms of
energy (or action) changes.

This circumstance, by an easy extrapolation, focuses atten-
tion on total energy changes as the physical gauge of clock rate
changes—the best clue yet to a “causal” arrangement in nature.
Indeed, we are here merely following in the footsteps of Ronald
Hatch,!**I who stated explicitly that “It is the kinetic energy which
determines the time dilation, not the acceleration.” He similarly
observed in connection with gravity effects on time, that “ ... it is
not the acceleration which defines the time dilation, but the gravi-
tational potential energy.” Employing these hints, we shall at-
tempt to develop the total energy (action) theme more fully in
Chapter 8.
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6.9 Reversible work

The reversibility of clock rate change postulated above is (if valid)
a novel and non-trivial property of atomic timekeeping. The work
involved, too, has a character of “reversibility” worthy of particu-
lar comment: In conventional thermodynamics “work” is path
dependent and never truly reversible. In the closest approach to
reversibility, it is pictured as an idealized, imaginary process
typically associated with gradual, infinitesimal motions, such as
piston travel, always close to a perfect equilibrium never fully re-
alized in practice. In contrast, when applied to basic timekeeping
at the atomic level, reversible work must be pictured as a real fi-
nite process; e.g., performed on a muon clock or a cesium atom
clock in finitely (and possibly rather rapidly) altering its pure
state of motional or potential energy. This must be conceived as a
dissipationless process, such that on return to its initial pure state
the clock returns to precisely its former running rate. In the case
of motion, clock rate is at all times strictly controlled by » which
starts from 1, increases beyond and decreases back to 1 on return
to an initial state of motion.

Viewed in classical terms, reversible work seems to me at
best paradoxical. Given that work depends on ©v®, which is
signless, the claim that doing positive work on a clock to move it
with velocity ¢ from state of motion A to state of motion B will
cause it to run slow, whereas doing equal positive work on it to
move it with velocity —o from B to A will cause it to regain its
fast-running condition, seems paradoxical if not contradictory.
Personally, I can accept this (if observation confirms that there is
no alternative) only as another manifestation of the profound dif-
ference between the classical world and the world of quantum
pure states—certainly as discordant with the teachings of macro-
scopic experience as the wave-particle dualism. Assis”4 has re-
fined the Machian notion that distant masses of the universe are
the physical “cause” of inertia—just as nearby masses are the
cause of gravity. A parallel conception may apply to timekeeping;
viz., that distant masses (by instant action) “cause” the quantum
pure-state clock to speed up or slow down with each change of
motion state. Too spooky for you? For Nature, perhaps not
spooky enough.
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6.10 Atomic clocks: prospects for their improvement

There is little point in talking about time apart from atomic time,
which has come to dominate the subject. (Pulsar time might at the
current level of refinement give some competition.) It may be of
interest to take a brief side excursion to examine the present art
and its susceptibility to future improvement. One can quickly get
an education in the basics of cesium beam clocks from the Inter-
net, and I shall not repeat what can be learned there, apart from a
brief summary. The most accurate present-day cesium clock is of
the “fountain” type. As currently embodied, it requires the action
of gravity to make it work. Applying radiation pressure, six or-
thogonal laser beams hit and cool a cloud of cesium atoms in
vacuum, compressing it into a small ball. When hit with an up-
ward-directed laser beam, the ball is projected upward through a
microwave cavity filled with radiation tuned to the frequency v
of the hyperfine transition that provides the fiducial timekeeping
reference. It passes on through the cavity, reaches a maximum
height above it, and falls back through the cavity under gravity,
thus experiencing two successive resonant stimulations, sepa-
rated by a time interval Az of about 1 second. This principle of
“double-end tickling,” due to Norman F. Ramsey!®” (developed
by him for nuclear magnetic resonance studies of molecular
beams), with a possible assist from Henry B. Silsbee,*8! lends it-
self to sharpening the resonance line in accordance with
Av-At~1; so, the longer the interval Az, the better the line
sharpening and the more accurately the clock can tell time. (The
principle is applicable in many contexts, as in astronomy, where
one can imagine a huge Newtonian parabolic telescope mirror
with its reflecting surface entirely covered except for two small
openings at opposite edges. The big mirror can then be discarded,
leaving only the two small, far-separated mirror segments. These
will lack intensity, but will offer much of the resolution of the big
mirror. It is by application of a similar principle over thousands
of miles of separation that the VLBI system attains its fabulous
angular resolution.)

To improve future atomic clock accuracy, then, one approach
calls for exploiting some variant of the fountain principle, with
increased A7, to achieve whatever line-sharpening (timing accu-
racy) we desire. Since gravity is needed to make the fountain
work, but is turned off for a free-falling clock in orbit, it is evident
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that in an orbiting clock some gravity substitute must be em-
ployed for moving the ball of cesium atoms. Obviously, laser
beams can serve this purpose, and can also be used to recompress
the ball repeatedly, as need be to prevent excessive signal loss by
diffusion. I can see no obstacle in principle to timekeeping accu-
racy improvements by factors of 10 or 100. Line sharpening can
be improved (at a proportional cost in data rate) by progressively
increasing Ar, aided in data processing by some convergence-
speeding algorithm —possibly patterned on the “e¢algorithm”
well-known to numerical analysts. Also it seems to me the pros-
pects are good for miniaturizing the technology, certainly suffi-
ciently for putting such clocks into orbit.

An alternative approach uses atoms other than cesium, hav-
ing higher resonance frequencies. Success along this line has re-
cently been reported using the mercury atom, with as much as
10-fold improvement in accuracy attained in even the earliest
embodiment. What purpose will be served by clocks of ever-
greater accuracy? Improved GPS positioning accuracy will serve
evident and inevitable purposes, for good and evil. Beyond this,
in the short term, possibly only research, including relativity re-
search, will be furthered. But the advances of technology seldom
for any length of time outstrip their ever-growing human uses.

6.11 Chapter summary

With reinstatement of the absoluteness of simultaneity, estab-
lished through a corrected analysis of the train problem (based on
description of light propagation by invariant Hertzian or neo-
Hertzian electromagnetism, rather than by covariant Maxwell
theory), comes a restoration of the present tense—of the concept
of a physical “now.” The separateness of all clock rate considera-
tions from the question of existence of a distant simultaneity is to be
noted. That existence fits perfectly with our postulated invariance
of length, to which it is equivalent. Clocks can be running at vari-
ous natural (proper time) rates in various systems and distant si-
multaneity will still be definable and “absolute,” provided length
is invariant.

GPS evidence is cited to support the objectively factual na-
ture of clock slowing by a factor y(v®) when the clock has (“re-
versible”) work done on it to transport it into a state of relative
motion described by v*. In order for the GPS to function in the
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simplest way, it is necessary that clocks placed in orbit tell time at
the same rate as earth-surface clocks. This is accomplished by
pre-compensating the clocks to be placed in orbit—setting them
to run faster than earth-surface clocks by the factor y—so as to tell
a “collective time” t, when placed in orbit. (Gravity potential dif-
ference corrections are needed, too, but I have simplified by de-
ferring discussion of these to Chapter 8.) An uncompensated
clock, when placed in orbit, is in free fall; hence it tells proper
time in the orbiting local inertial system. Since all compensated
clocks, each speeded-up by the appropriate j~factor and placed in
orbit, are observed empirically to run (count seconds) in step
with the earth-surface clock, as intended, it follows that an un-
compensated proper-time clock in orbit must run slow by the as-
sociated y-factor (that is, slow compared both to the co-moving
orbiting compensated clock and to the earth-surface proper-time
clock with which the latter is in step) ... and this must be an ob-
jective fact. To repeat, the orbiting proper-time clock must run ob-
jectively slower than the earth-surface proper-time clock. There
thus arises a basic timekeeping asymmetry, contradictory of the
symmetry asserted by the form of relativity principle (cf. our
“false theorem,” above) promulgated by Poincaré and by Ein-
stein. The j-slowing that is only apparent according to that form
of relativity principle is objectively real —hence asymmetrical be-
tween pairs of inertial systems—according to GPS evidence. The
fact that some of the GPS clocks are supported in a gravity field
while others are in free fall does not invalidate this evidence
against Einstein’s form of the relativity principle.

In this chapter we have postulated that similar clocks
brought into a common state of motion at a common gravita-
tional potential will run at the same rate, regardless of prior ac-
celerational history. Clock rate hence becomes a state function (to-
tal energy or action state), and gravity effects as well as motional
effects on timekeeping may be comprehended. Changes of total
energy or action state thus directly correlate with changes of
clock running rate. According to the view advanced here, the sub-
tlety attributed to the Herrgott by Einstein is entirely an attribute
of his own reasoning. Maxwell’s equations, the “second postu-
late” of light-speed constancy, and even the relativity principle in
its pristine form, all lie outside the Herrgott’s plan ... as any sen-
tient soul not blinded by subtlety can infer from GPS facts and
others now long in the public domain. The deepest-lying and
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longest-persisting troubles of science have never stemmed from
those refined subtleties that pre-eminently challenge the scholarly
scientific mind ... always from gross misapprehensions unchal-
lenged by it. These, like the systematic errors that plague the stat-
istician, are hardest to identify and eradicate.
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The concept has not yet been found which describes simply the
temporal relations of the universe.

—P. W. Bridgman, The Logic of Modern Physics

Chapter 7

Collective Time

7.1 Principles governing proper time

his may be as good a place as any to summarize my thesis
in regard to Einstein’s special relativity theory (SRT): As
mathematics it is impeccable. As physics it constitutes a
tightly-woven tapestry of fact (empirically validated) and myth:
Myth: Maxwell’s equations tell the last word about elec-
tromagnetic formalism.

Myth: The Lorentz force law tells the last word about elec-
tromagnetic force.

Myth: Metric nature of spacetime.

Myth: Existence of spacetime symmetry (dictated by Max-
well’s equations).

Myth: Universal constancy of ¢ (dictated by Maxwell’s
equations).

Fact: Independence of light speed from source motion.
Myth: Independence of light speed from sink motion.
Fact: Existence of time dilation.

Muyth: Existence of Lorentz contraction (dictated by space-
time symmetry).

Fact: Invariance of proper-time interval under general
transformations. (Strictly, this applies to “alias,” not to “al-
ibi,” transformations—but I omit discussion of this impor-
tant distinction as excessively technical.)
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Myth: Invariance of proper-space interval (dictated by
spacetime symmetry).

Myth: Relativistic symmetry (reciprocity) of time dilation.
Myth: Velocity reciprocity as measured by naturally run-
ning (proper-time) clocks.

Muyth: Validity of a strong relativity principle for environ-
mentally-affected (naturally running, uncompensated)
clocks.

Etc.

As a reminder, let me restate three of the basic premises of the al-
ternative paradigm advocated in this book:

Premise (a): Hertzian or Neo-Hertzian (invariant) electro-
magnetism.

Premise (b): Length invariance.

Premise (c): Objectively asymmetrical alteration of the run-
ning rates of transported clocks under energy (action) state
changes.

Einstein was not explicit about the principles he assumed to
govern the natural running of (proper time) clocks in the absence
of gravity effects. As nearly as I can discern these include what I
called in the last chapter Timekeeping Postulate I, which I may
rephrase as

Postulate I (State function). Clocks sharing the same state of
motion all run at the same natural (proper-time) rate, re-
gardless of acceleration history.

[Empirical evidence in support: I should judge that distant star
spectroscopic evidence supports this at the atomic level, so it
should apply at least to timekeeping by atomic clocks. However,
such evidence is far from conclusive. There is no control over the
“experiment.”]

Corollary (Reversibility). A clock transported from one state
of motion to another and then transported back to its initial
state will resume its initial running rate.

[Empirical evidence in support: I would cite the Hafele-Keating
experiment with round-the-world cesium clocks on the supposi-
tion that the returned clocks resumed their original running
rates ... except that, like the Eddington eclipse evidence that
catapulted general relativity theory into media prominence, bi-
ased data selection??® rendered the results highly suspect. More
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generally, it seems likely that enough experience has been gained
with atomic clocks that if high-speed transport permanently and
irreversibly altered their running rates in any systematic way, this
would have become a recognized feature of the “art.” Admittedly,
this is inconclusive evidence of the “dog in the night” sort—cf.
the Conan Doyle story “Silver Blaze.” The stated Corollary repre-
sents a special case of Postulate I.]

Both of these results seem to be more or less taken for
granted in ordinary presentations of SRT. It appears to me that
Einstein may have gone farther in assuming a stronger form of
Postulate I, to the effect that the natural (proper-time) running
rates of clocks are independent of their state of motion (the same
in all states) ... but that can have been only on Tuesdays, Thurs-
days, and Saturdays, when clock-slowing was a symmetrical
“appearance” between pairs of inertial systems. On Mondays,
Wednesdays, and Fridays, when clock-slowing was an asymmet-
rical reality, such a strong form conflicts with empirical fact
(CERN, GPS, etc., data), as reflected in our Premise (c). Since we
shall maintain Premise (c), only the weak form of Postulate I,
stated above, will be assumed here ... with reservations, since
there is as yet little or no research to justify firm opinions in this
area.

7.2 Collective time and relativity principles

SRT rests overtly on two postulates—relativity and light-speed
constancy. Consider the first of these, sometimes formulated as:

Relativity Principle I (Weak form): The laws of nature are
the same in all inertial systems.

In applying this principle it is necessary to make a careful
distinction between “laws of nature” (which the physicist under-
stands to be general statements, typically having the character of
descriptive differential equations) and specificities, which are
particularizing data of the nature of initial conditions, boundary
conditions, decay constant values, etc. A prototypical example of
a “law of nature” is Newton’s Second Law, which states that
F=dp/dt — md’7/dt* . This differential equation makes no predic-
tions about observables unless supplemented by initial-condition
numerical values, known as “constants of the motion.” Only
through a combination of general statements and specific input data
does the mathematical machinery of physics make numerical
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predictions of the results of observation or measurement. We
need to be fully aware that the world as we experience it is a se-
quence of specificities, and that the relativity principle, in the
form given above, does not address that sequence. According to
the principle, as stated, it is only the “laws” that show invariance
under inertial transformations. In other words measurement results
can be expected to vary with the inertial system, not to show “in-
variance.” Such variation is entirely in accord with the literal
statement of the relativity principle in Form I.
Einstein went on to add:

Second Postulate: The speed of light is measured in all iner-
tial systems to have the same numerical value ¢ (for time
measurement by naturally-running clocks).

Thus one particular example of “specific data” about nature
was elevated to a special position—light-speed ¢ was elected to
resemble a “law of nature” in obeying the relativity principle.
That is, the constant ¢ joined the exclusive club of invariants un-
der inertial transformations. Now, this is very strange, for it com-
pletely blurs the line between two otherwise distinct categories of
physical descriptors. If privileged constants can cross that line,
why not all constants? And in fact that is essentially what hap-
pened. The two postulates endorsed the spacetime symmetry fos-
tered by the partial differential operator symmetry of Maxwell’s
equations, and spacetime symmetry in turn produced comple-
mentary contortions of space and time measures—to keep c con-
stant. As a result, not only muon decay constants, but separate
measures of length and duration as well, became in the co-moving
or rest system identical for all physical choices of that inertial rest
system. So the relativity principle ceased to be valid merely for
laws of nature and became valid for laws of nature plus specific
numerical data relating to space and time mensuration.

Requiring the relativity principle to hold for that one con-
stant ¢, in combination with the relativity principle itself, had the
effect of making that principle seem to hold for more general as-
pects of physical experience. According to Einstein, the muon de-
cays in 2.2 microseconds as measured (in terms of proper time) in
every inertial system in which it is at rest. That the same muon is
measured to decay much more slowly when moving in our lab is
interpreted as evidence that “time” means different things in dif-
ferent systems. If, instead, we were to interpret time to mean the
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same thing in all systems, this would imply that different decay
constant numerical values would have to be assigned in different
systems. That would amount to no more than recognizing that
motion affects decay rates (the “specific input data”) rather than
“time.” Either way, Form I of the relativity principle is honored.

So Einstein was really presenting a more radical proposition.
In effect, he was tacitly endorsing a different and stronger form of
the relativity principle, which may be expressed as Form II:

Relativity Principle II (Strong form): The numerical results
of all measurements conducted according to identical op-
erational procedures are the same in all inertial systems,
when corresponding units are chosen, when the system
(with measuring apparatus) is considered ‘at rest’ and
when clocks ‘at rest’ are specified to run at their natural
(proper-time) rates.

Note that “laws of nature” are only implicit in this strong
form of the relativity principle ... explicitly, the specific numerical
results of measurements conducted according to shared opera-
tional protocols are asserted to be the same in all physical inertial
systems in which the observer places himself and his measuring
apparatus ‘at rest.” A superficial viewing of these two forms of the
relativity principle might leave the impression that they are sub-
stantially the same. But this is not the case. Form II wipes out the
distinction between laws of nature and the input data that enable
such laws to make specific physical predictions. This second form
is a more stringent assertion about the description of nature.
Form II implies the validity of Form I. Thus Form I might be true
and Form II not true. Or, they might both be true. In view of the
considerations discussed in Chapter 6, Section 4 (where we ob-
served that “The operational procedures of clock compensation that
work for clock transfers from earth to orbit do not work for identical
transfers in the other direction”) it appears that GPS evidence
counter-indicates Form II. To make Form II true within the ambit
of Einstein’s paradigm, space (Lorentz) contractions must match
natural time dilations in such a way as always to maintain the
constancy, not only of ¢, but of other (separate length and time)
measurements as well. That is, not only laws of nature but spe-
cific measurement data of all kinds must be unaffected by (i.e.,
invariant under) inertial transformations. Whereas in Form I no
such metric restrictions are implied. In discussing these matters
below I shall try to avoid confusion as to which form of the rela-



170 Old Physics for New: a worldview alternative

tivity principle I am talking about. My point in emphasizing the
distinction between the two is that Form I is weak enough to sur-
vive a re-parameterization of “time” in terms of collective time,
whereas Form II does not in general survive.

The constancy of light speed, which is the key feature of Ein-
stein’s paradigm, can trace its ancestry only to Maxwell’s equa-
tions, and must stand or fall with them. In my early chapters I
touted Hertz’s formulation [Premise (a), above] of the equations
of electromagnetism as superior to Maxwell’s. To the extent that I
made a valid point there, the key feature fails—for light speed is
not equal to the universal constant ¢ in Hertz’s theory. Next, to
review my alternative approach, we recognized (in Chapter 6,
Section 1) that Hertz’s equations are compatible with the abso-
luteness of distant simultaneity. Absolute simultaneity in turn
implies the invariance of length (as was argued in Chapter 6, Sec-
tion 7), which is Premise (b), above. Finally, our Premise (c) chal-
lenges the possibility of a universal c-value measured by natu-
rally-running clocks. It denies the “relativistic symmetry” of rates
of such clocks—asserting instead a genuine physical rate
asymmetry of high-speed transported proper-time clocks. In ef-
fect, with such clocks, to predict their rates one needs to keep
track of their energy state changes.

Let us turn now to the consideration of collective time:

Definition of Collective Time (CT): CT is the form of time
measured in principle by a space-filling collection of arbi-
trarily-moving clocks, each of which has been transported
from a state of co-motion with an inertial Master Clock and
pre-compensated in running rate in such a way as to an-
ticipate and remove any rate-influencing effects of altered
gravitational or motional environment. The clocks of the
resulting collective all run at the same rate and are kept
permanently in step with the Master Clock by further cor-
rections tailored to the individual needs of each trans-
ported clock.

We find CT in general incompatible with Form II of the rela-
tivity principle, as noted, but compatible with Form I. Although
physical process rates vary with state of motion—so that the rate
of flow of collective time is in general dependent on choice of the
Master Clock’s (“fiducial”) inertial rest system —the “laws of na-
ture” do not depend on that flow rate. An alternative expression
of Relativity Principle I is therefore: All inertial systems are equally
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suited to serve as fiducial systems for expressing the laws of nature in
terms of CT.

Consistency Theorem: Relativity Principle I, in the alternative
form just stated, is valid under CT.

Proof: Consider inertial system A as the chosen fiducial sys-
tem (rest system of a Master Clock) and system X;, a typical
clock-transport destination system, which need not be inertial.
Rate-slowing effects of clock transport from A to X;, dependent
on the scalar parameter v} (where v, is the relative speed be-
tween A and X;), are compensated in the way already discussed;
viz., by taking Ng, =N,/y,y for the transported clock, where
Yax, = 1/ J1-07/c* . Gravity effects are independently compensated
on the basis of potential energy state change, determined by the
geometry of the gravity field (as will be discussed in Chapter 8).
This is the method referred to in the CT definition. After applica-
tion of this method of compensation and after transport from sys-
tem A to each of any number of differently-moving systems X,
each of a corresponding number of individually transported
clocks tells collective time t, =t,, in rate synchrony with each
other and with the Master Clock at rest in system A.

Suppose instead that an entirely independent establishment
of CT is undertaken, the Master Clock being placed at rest in a
different inertial system B. Similar operational procedures lead to
apparently inconsistent results. For in this case, in which B is the
fiducial system (B playing the role previously assigned to A), we
cannot expect the resulting synchronizations, carried out by op-
erational procedures analogous to those employed when A was
the fiducial system, to produce a time flow rate characterized by
t, =t,, because the compensation factor y;, will in general differ
numerically from the previous factor y,, . All clocks transferred
from B will indeed end up rate synchronized, but their absolute
rate of running will not be measured by t, =t, but by something
proportional to that, say, t; =a;t,. That is, for different choices B
of the fiducial inertial system all compensated clocks will in every
case after transfer run at uniform rates in mutual synchronism,
but those rates will vary with the choice of B. The resulting rates
(for B as fiducial system) will bear to the original rate (for A as fi-
ducial system) a proportionality factor «a,=t,/t, =t,/t,. The
nominal time flow rates in A and B differ numerically, conse-
quently the measure of process evolution rate differs, but the dif-
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ference is a simple one of proportionality, so that any chosen ini-
tial time flow rate associated with f, in A can be recovered nu-
merically in arbitrary inertial system B by applying a constant
multiplier, ¢, = a;'t,.

Since the a,-values vary with choice of B, it is apparent that
we lose a strong relativity principle, understood in Einstein’s
Form II sense of equivalent measurement physics in all inertial sys-
tems—so that different inertial systems do not serve as “equiva-
lent” fiducial systems. But we verify next that the weaker formu-
lation of the “relativity principle,” Form I, allows it to hold. To re-
call, Form I merely asserts the invariance of “laws of nature” un-
der inertial transformations. Understood in this less restrictive
way, a relativity principle is not lost for several reasons, three of
which may be enumerated as follows:

(1) We recognize that in nature there is no such thing as a
numerically measurable or conceptually meaningful abso-
lute rate of “time flow.” Time itself, being a metaphysical
entity, is not directly measurable (but has to be inferred,
with the help of convention, from observation of physical
repetitive processes). Hence descriptive schemes that treat
time flow rate as indeterminate within a numerical multi-
plier are merely reflecting the way nature is. In other
words, descriptions that are the same, modulo a multiplica-
tive factor on the time flow rate, are “equivalent” in a
formal or abstract mathematical sense—so the clock rate
discrepancy between transporting rate-compensated syn-
chronized clocks from A to X; and transporting them
from B to X, reflects no discrepancy of the “laws of na-
ture” in the two systems A and B.

(2) Another way of interpreting the numerical indeterminacy
of the “laws of nature” is to observe that such laws do not
depend formally on choice of measurement units. (Cf. the
Principle of Similitude mentioned below.) Allowing for
adjustments of time units, the laws of nature are the same
regardless of the paths chosen for synchronization of
transported clocks. Our clock rate proportionality factor
o, can thus be interpreted as a time units factor.

(3) Finally, if it is important to do so, we can formally enforce
ay =1 for all B through a two-stage compensation proce-
dure: The first stage produces in general «, #1, as above,
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and the second stage is just a further numerical adjust-
ment, applicable uniformly to all clocks, including the
Master, to establish the use of a time unit consistent with
some pre-ordained shared standard. Thus there exists in
principle a (double-jointed) compensation scheme that not
only synchronizes all clocks, but causes them to register
the same t; (same nominal time flow rate), independently
of choice of physical fiducial system. For such a special-
ized compensation scheme the strong Form II of the rela-
tivity principle (with CT timekeeping instead of natural
timekeeping) is presumably obeyed. From this observa-
tion we infer that the form and even the possibility of a
relativity principle is more sensitive to the operational de-
tails of timekeeping than might have been thought.

This last does not say that muons, after two-stage compensa-
tion, will decay at the same rate in all systems ... rather, that the
“second” will mean the same thing in all systems. With reference
to different fiducial systems muons will necessarily be described
by numerically different decay constant values. Decay “con-
stants” are not laws of nature, nor are they in this context con-
stants. Indeed, it seems inexpedient to conceive of them as con-
stants ... much better (closer to the physics) is to accept that envi-
ronment and motion are affecting decay rates rather than affect-
ing “time.” For example, an observer co-moving with the CERN
high-speed muons and using a compensated (y=29-fold
speeded-up to keep it in step with the lab-stationary clock) CT
clock measures the transported muon half-life, which has been
objectively lengthened y =29-fold, as 2.2 x 29 microseconds of CT
(numerically equal, of course, to what the CT Master Clock at rest
in the laboratory mea