CHAPTER - I

GENERAL INTRODUCTION



1.1 Introduction

The present study addresses itself to broadly two
interesting foundational questions of current interest in
relativity and gravitation. One of theh deals with the so—-called
Conventiénality thesis of special relativity, .its implications,
misinterpretations and fﬁnally its pedagogical importance. The
other concerns the enquiry on the possibility of consolidating
special relativity and gravitation in order to obtain a lngicélly
viable Lorentz-covariant theory. The main text qf the present
study comprises of chapters II - VII in fwo parts which report our
observations and results that I have obtained during my studies in
tﬁe Iaét few yéarS; Some of these observations have either been
published or been reported in the national and international fora.
- Somefimes we have made independent observations and in  another

time we have played the role of a watch-dog when commenting on

spme recent articles on relativity foundations.

The appafently assorted compilation of papers which form the
main text have.one central feature in common that they all deal
.with'fDUndational questions in relativity and gravitation, - and

everything is discussed in,confext of "standard” rods and clocks

unlike some recent papers which discuss transformation laws for

non—standard instruments.

The whole volume is organised as follows: Part I will deal

with gravitation (particularly in regard to its logical
possibility) in the framework of standard formulation of Special
"Relativity (S5R) while part II will discuss the foundational

questions on the standard formulation of SR itself. Thesé “two

parts can stand alone in their own rights, however a sort of



logical connection between these two parts will be provided in the
epilogue section of chapter IIX. ' -

| All the chapters of the main text are sel f-contained
particularly for those who are somewhat acquainted with the issues
discussed. However for others we provide, in-the next two sections
of this introductory chapter, a brief review of the previous works
as a background {(Background I & Background II). These sections
will alsc‘providé the scope and cbjective of the present worki
Finally in the last section of this chapter summaries of all the
préseht'findings are given topic-wise. This section will provide a
glimﬁse in advance of what lies ahead and the reader may be at
liberty to skip some of the topics he may find not quite-
interesting for his first reading, even though as an author I

would recommend that this volume be read from front to back.

1.2 BACKGROUND - I

‘Einstein’s theory of General Relativity (GR) draws a very

keen interest among the Physicists mainly for two reasons:

1. The theory is able to explain the.secular motion of Mercury’s

perihelion and it gives for it a value of about 43" per hundred

years, which is in splendid accordance to the corresponding value

ascertained by the astronomers.

2. The theory is predicting a deflection of star light by the Sun,

giving a deviation of about 1.72" from the straight line, which is

observed value.

Furthermore, there exists until now no other theory, which can

explain these two effects on the basis of well known, generally



accepted and fundamental theories in mechanics and
electrodynamics. So.it seems that the theory of General Relativity
is an unavoidable part of modern Physics. But despite these
a££ributes, if suffers from a serious drawback in that the
experimental support of GR is very limited in number and for that
toc one has to make use of a rather cavalier approximation of GR.
This raises the interesting possibility of other thenrieé
predicting the =zame results. There have been some attempts which
try to.explain some general relativistic effects by extending
Newtonian Gravity (NG) in the light of special theory.

Historicall? NG could successfully explain Kepler’s laws.

However. under close scrutiny it was found to be- inadequate in

accounting for the residual perihelion precession of Mercury’s

orbit (=~ 43"/céntury)‘around the Sun. In 1919 Arnold Sommerfeld

showed the usual way to obtain the precessing electronic orbits of
a Hydrogen atom and then transformed his formulae for the pathways
of the electron in the H-atom to the case of the Kepler motion of

Mercury arocund the Sun. For this he first madified the

eguation
of NG, namely
i GMm
d Q 9>
H-— mo¢ —— r3 r {1.1)

where m is the mass of Mercury, M is the mass of the Sun, r is

the distance of Mercury from the Sun and 6 is the gravitational

constant. Sommerfeld replaced mdv in the L.H.5. of equation (1.1)

by the relativistic momentum m"\’r/(1—*«12/<:2)1/2

o . One may easily show

however that the equation that results following the modification

of (1.1)
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though gualitatively admitting precession, can account for only
about one sixth of the observed effect. By this way Sommerfeld
came to the conclusion that Special Relativity (SR) cannot egplain
Mercury’s motion of the peribelinn. Still today this is the
generally accepted opinion.

In an article, Roxburgh (1977) demonstrated that the concept
of space-time curvature in GR has the status of a mere convention.
-According to his article, one can look upon a flat—space—-time with
a field embedded in it as a curved-space—-time with no field.. This
idea justifies the receﬁt efforts to obtain the so-called general
relativistic effects without the use of any space—-time metric
whatsoevef. Some such efforts (Sjiodin 1982, HNandi 1984) have
proved. successful but not all. For instance, Bagge {1981)
suggested recently that one can obtain, sclely within the
framework of special relativistic dynamics, the correct precession
of the perihelion of Mercury. To obtain this, Bagge made an
interesting suggestion tﬁat eguation (1.2) was to be modified
further by replacing .the rest mass L of Mercury by the so—called
'relativistic' mass mo/(l—ﬁ2)1/2 in the right-hand-side of (1.2).
The implication of this suggestion ié that the Equivalence
Principie {(EP) in the context of SR should be interpreted as

2.1/2

mg = m0/§1—ﬁ ) . ' (1.3)

where mg is the gravitational mass. It was claimed that after this



modification of (1.1}, the resulting equation

—%€ tmd3/(1—32)1/21 = [GMm, / F-p 2 | (1.4)
for the central force problem of Mercury’s motion brought a good
agreehent with the known facts. However, later the claim was
refuted in an article (Ghosal et all 1987). The authors showed
that Bagge's approacﬁ, though interesting, did “not" vyield the
claimed value. Solving Aequation {1.4) analytically, and &lso
numerically, they found that it vyielded a precession_ cf only
14" fcentury and ﬁot 42.087" /century.

In a fairly recent paper (Phipps 1986) a similar suggestion
was made and in order to improve (1.2) in the light of the new
{(unusual) version of the EP (eguation (1.3)) Phipps started from
‘the non—-covariant special relativistic Lagrangian

2
L=-mc" (1—ﬁ2)1/2 - GMmg /r (1.5)

the Euler—bLagrange equation of which yields equation (1.2) if mg
is assumed to'be equal to LN {usual version of the EP). Hoping to
obtain correct precgssion for planetary "orbits, the author
repl aced mg by mol(l—ﬁz)llz in the potential energy term in
equation (1.5) and claimed to have obtained the desired result.
. However, later it was shown {Peters 1987, Phipps 1987) that
Phipps’s calculations were in error too. One may alsoc observe that
things do not improve even if one starts from the energy integral

that the equation (1.2) implies, and then makes use of the unusual

version of the EP in the potential energy term (Bagge 1981, Ghosal

U



et al 1987).

it may thus appear at this point that +he efforts to
coﬁso}idate Newtonian gravity and special theory make a history of
failures. However , fhé possibility of obtaining a suitable Special
. Relativistic extension of Newtonian Gravity {(SRNG) ﬁay not be as
blealk as it appears from the foregoing examples. Indeed one may
argue that if, in the efforts to extend NG in the framework of SR,
the 'co@plete' P (Strandberg 19846) is allowed to play its due
roié from the onset, things may improve. To understand this, note
that the principle of equivalence (in its vﬁeakér form) fér the
motion of material particles, is embedded even in Newton’s 1law
since ma cancels frqﬁ both sides of (1.1) so that the motion of
particles becomes independent of the mass of the test parficles.

+ The same also applies to Bagge’s equation (1.4) and also to the

equations that follow from Phipps’s Lagrangian {(equation{1.5))

wherre the unusual version of EF had been used in order to modify

equation (1.2). However,'EP in its stronger form suggests that all
non-local (i.e tidal—force—-independent) gravitational effects (not

restricted toc the motion of material particles alone) are

eguivalent to the effects of a uniformly accelerated system and it

is well known that NG together with the EP in its stronger form

indicates gravitational retardation of clocks.
In an interesting paper Strandberg (1986) argued that not

only time but also the radial length (ih the spherically symmetric

situation) should exhibit change once the full power of EP could

be exploited. The author then demonstrated the heuristic power of

SR to show how the above implications of strong EP (the ‘complete’

EP) could correctly explain the bending of 1light and the



precession of Mercury’s orbit arocund the Sun.
| | It is thus evident that the efforts to extend Newtonian
‘gravity along the lines of special relativity <(i.e SRNB) go
broadly along two diétinct directions: (1) modifying the Newtonian
fo?ce law in the light of SR and (2) modifying the length and time
scéles as required:by the full implications of EP postulated by
Einstein. The péper of Strandberg and a numbgrb of other earlier
works cited therein fall in the latter category. Nhile; as we haQe
seen, the former approach fails to prédict observations the latter
one, though somewhat successful in this respect, seems to mutilate
the very fabric of special relativity since 5R cannot afford to
accommodate tampe;ing of rigid lengthé and standard clocks in a
vgiVeA inertial frame. In fact this was the brecise reason why
Einstein did ﬁot pause to consoclidate his own EP into the SR and
instead, in order to repair the breaks in the logical structure of
SR that were created by the inclusion of EP, Einstein had to
generalize his earlier work (Einstein 1923) to come out with his
celebrated 1915 paper on GR.

Indeed in order to reconcile NG with SR not only the
equation of motion has to be changed 'but also Newtoniaﬁ field
equation has to be modified. The previcus examples only tried the
former. Some authors sometimes do just the opposite. For example,
Rawal and Narlikar (1982) modified the field equations of NG to
include the gravitational energy as a source of ' gravitational
potential. The modified theory, as expected was found to be
se}f—cnupléd and non—-l1linior which was derived ffoﬁ a

torentz—invariant action principle. The authors considered thé

scalar field (¢) and the modified “"Poisson equation” looked like



(1 + prc2) Vp — (1/2c%) v 2 = ~anGp - (1.6)

where P denotes the matter density. It was shown that the
splution of the above equation (1.6) assuming spherical symmetry

gives

2.2
_ BM 6 M
¢ = + 5 (1.7)

r 4c r

where M is the mass of the spherical object that produces the
gravitational field. After the solution has been obtained the
authors treated this potential in a purely non-relativistic way‘
when they considered the equatioh of motion. In a subsequent paper
{Narlikar &‘Padmanabhan 1985) though this drawback has been taken
‘care of by introducing a suitable interact;on term in the
'Lag?angian and even though the previous work has been generalised
to all orders in which the feedback of gravitatibnal energy on ¢
in turn modified the energy which further modified ¢ and so on,
correct general relativistic results could ﬂot be predicted. The
theary failed to explain correctly (i) the bending of 1light and
(ii) the precession of planetary orbits. The bending of 1light in
this theory was zero. ‘It was suggested further that these
inadequacies‘ of the qusi-—-Newtonian framéwork call for ﬁore
sophisticated approaches to gravity.

The consoclidation of SR and NG has also been considered in a
series of interesting articles by FPetry
(1976,1977,1979,1981,198?,1988,1990,1991). In his theory the
Lagrangian for the gravitational field was constructed in analogy
to the Hamiltonian for a particle in the gravitational field (gij)

where the four—momentum (pk) of the particle was replaced by the



variation of the field in the direction of space and ‘time_ (¥k)’
i.e, agljlaxk. The field equations wefe obtained by considefing
the energy —momentum tensor of matter and of gravitational field
together to be the source for the field (gij). However, both
physically and mathematically the ideas are more involved in our
‘opinion and for the sake of heurism and pedagogical interest we
keep our discussions confined to simple minded theories. However,
the impressive list of references above on the attempts on
flat—space—time tﬁeorieé of gravity‘will at least bear testimony
-to the existence qf a general urge among scientific communities
for understanding gravity in the framework Df sﬁecial relativity.
In éhe second chapter we shall briefly cutline the general reason
for this.‘ﬁs a passing remark and for the sake of completeness we
may also list as a motivation for "other" theories of gravitation,

the well known foundational questions raised against GR by Logunov

{1983):

{i1) The GR has not, and cannot have, energy—momentum
conservation laws when a gravi£ationa1 field and matter are taken
in conjunction.

?ii) The inertial mass defined in the 6GR has no physical
meaning. |

(iii) Einstein’s quadrupole formula for gravitational

radiation is not a corollary of the GR.

(iv) The idea that a double star system loses its energy by

gravitational radiation, in principle, does not follow from the

GR.

(v) The ' BR does not satisfy a fundamental physical

principle, that is the correspondence principle since it does not



have the classical Newtonian limit.

However, we are not here to discuss the controversial

"defects” of GR. Nevertheless we shall maintain that GR as it

stands now is entirely different +from cther physical fields and it

is not a field in the Faradey Maxwell spirit {(Logunov 1983). In

the next two chapters we shall only contest the commonly held

thesis that the concept of flat-space-time and gravitation

logically cannot go thetHer {Schield 19&60).

In the main text of part I we shall focus on a simple minded
SRNG due to Biswas (1988). He +tried to develop a relativistic
theory of gravitation purely from heuristic considerations. The

iapproach of Biswas, was commendably different from that of others

broadly in two respects. Firstly, it did not only incorporate some

results of special relativity into the Newtonian force law alone

but instead in a bid to modify NG, it kept the full Newtonian

field theory in view. In other words instead ‘of trying just to

MDdify equation (1.1) of NG, Biswas tried to systematically

introduce shecial relativity into the following equations of NG

A2 = 4nGp (1.8a)
d = -

where ¢ and p represent the scalar potential of NG and the mass

density resbectiyely.
Secondly, in his SRNG approach, Biswas tacitly made use of

only that version of EP which was directly suggested by NG and the

implication of mass energy equivalence of SR and justifiably the

author did not stretch its meaning any further. That would have

10



'Relativity (6R). It has been pointed out that these efforts

tampered with 1length and time scales affecting the standard
flat—space—tiﬁe metric which was to be 1e§t untouched for any
special relativistic theory. The importance of this aspect of
Bisﬁas’s Paper (BP) will be discussed in the next chapter.
However, in obtaining the solutions of the field equations
Biswas made a mistake and this has been pointed out recently by
Peters (1990). Also for some . strong reasons,. BP needs certain

modifications to the eqﬁation of motion part in order to make the

theory more acceptable and beautiful. In part I of this volume

‘{next chapter) we shall present heuristically a new version of a

flat—-space—time theory of gravitation consistent with the demands
of special relativity and it will be shown that our version of

SRNG will be able to duplicate all the major verifiable effects of

GR.

1.3 BACKGROUND-II

In the last section we have reviewed some recent attempts to

obtain a theory of gravitation in the frame—work of Special

are

-not always problem free. In different chapters, which form the

first part of this volume, we shall present our humble efforts to
obtain a special relativistic theory of gravitation. In part Il we
shall show that everything is not right even in SR. The

need for

revisiting special relativity arises out of recognizing the role

of conventionality in the standard formulation of SR.

It is well-known that Einstein started with two simply

stated and intuitively satisfying postulates, viz., the Principle

11



in the standard formulation of SR and below we shall

of Relativity (PR) and the Constancy of Velocity of Light (CVL).
But that was 6ot enoﬁgh. In order to arrive at SR, Einstein added
four operational definitions or conventions of measurements.
According to Prokhovnick (1967) they are (i) How to use light
signal to synchronize two separated stationary clocks. (1i) The
time coordinate of an event is the reading. on an adjucent

stationary synchronized clocks. (iii) How to use a light signal to

_measure a space interval from an observer to a distant event and

(iv) How to measure the velocity of an object relative to an
observer.

Sherwin (1992) pointed out another convention:
{v) What instruments are chosen for all these measurements.

The role of conventionality regarding synchronization of
spatially distant clocks are much discussed in the literature.
Once the choice of instruments is made (convention v) and there is

an agreement as to the operational definition of different

instruments [conventions (ii) — (iv)1l, the first convention.

{regarding synchrony) stands out in prominence. The present

section will discuss the meaning and the role of conventionality

review some
existing important works in this direction:

The role of conveqtion in the definition of the simultaneity
of distant events is one of the most debated problems in special

relativity. The source of this problem lies in the fact that in SR

distant clocks in a given inertial frame are synchronized by light

signéis, the one-way speed of which has to be known beforehand for

the purpose. To know the cne—-way speed of light on the other hand

one requires to have presynchronized clocks and the whole process

12



of synchronization ends upiin a logical circularity which forces
us to introduce a degree of arbitrariness in assigning the value
_for the one-way velocity of light. However, Einstein synchronized
spatially distant ;locks Qy assuming the equality of the velocity
of light in two opposite directions. Einéteih’s procedure to
synchronize clocks at different space points is but one of several
possible alternative conventions and it is now known that many‘ of
the results he obtained depended on his special choice of
synchrony. As an example the question of the discordant judgements-
of simultaneity by two inertial observers moving with .respect to
each other is alsoc a matter of such a simultaneity convention.
Historically the role of convention in the synchronization
of cloéks has been advocated especially by Reichenbach (1958)

and

later by Grinbaum (1963). They claimed that the relation of

simultaneity within an inertial frame of reference contains an

ineradicable element of convention and the conventionality lies in
the assumption regarding the one—way speed of 1light. To clérify
_this'point further recall that Einsiein ariginally pfopnsed that
the criterion for the synchrony of distant clocks be that the time

of arrival and reflection of a light ray as determined at one

clock be precicsely haif;ay between the time of its  departure and
its return upon reflection as determined at the other clock. This
criterion cleariy presupposes that light has the same speed in all
'direction;. Indeed, because the specification of a value for the
one-way speed of light enables directly a simple light—signél

procedure for the synchronization of distant clocks, any

assumption of one—-way speed values is equivalent to the assumption

of a criterion for synchrony. It follows that the specifications



of either distant simultaneity criterion or one-way light speeds
- will aliké be referred to as synchrony cdnventiéns {Townsend
1983) .

Einstein himself referred to the distant simultaneity
criterion he proposed.as a free stipulation of the empirical
meaning‘of diétant simultaneity (Einstein 1961),.and at issqe is
whether other criteria leading to differeﬁt distant simultaneity
judgements and consequently different one-way speeds might not
have been chosen without compromising the empirical success of the

theory. The conventionalist thesis holds that a range of choices

are possible, all fully éqhivalen£ with respect to experimental

outcome. According to the conventionalist thesis, any synchrony

convention will be admissible so long as it is consistent with the
round—-trip ﬁrinciple, the principle which hoids that the average
speed of a light ray over any closed path has a constant value
{Reinterpreted segond relativity postulate, vide seé.3 of chapter
V). A convention within the SR must be consistent with the
round—trip principle since this principle is a conseguence of the
theory prior to the adoption of any criterion for distant
simultaneity and may in principle be tested with a single clock.
This thesis which shall here be called the thesis of the
Conventionality of distant Simultceneity (the C-8 thesis).

Acéording to the C-5 thesis the conventional ingredient of SR

which logically cannot have any empirical content, gives rise to

results that are often erroneously construed as the new
philosophical imports of special relativity theory.

.There has now been a substantial amount of clarification of

the C-S thesis due to a number of authors. Possibility of using

14



synchronization ;Dnventinn.othér<than that adopted by Einstéin has
also been much discussed. | ; =

Winnie (1970) first studied the consequences of special
theory‘when no assumption regarding the one-way speed of light was
made and then developed the so-called eg-lLorentz transformations
adopting‘non—Einstein one—way velocity éssumption or non-standard
synchronization convention in general. In developing the s-Lorentz
transformation Winnie assumed a principle called the "Principle of
equal Passage time". This was used in addition to the ‘"Linearity
Principle” and the "Round—triﬁ light Principle”. These principles
weré then shown to be independent of one-way velocity assumptions
and thus may form the basis of a SR without 'distant simultaneity
assumptions. In fact Winnie’s theory was one dimensional. Unger
{1986) extended Winnie’s idea by considering a generalised Lorentz
transformation group that does not embody Einstein’s isotropy
convention. The approach seems to be well suited for establishing

the resultsfof;Winnig‘as_well as some new results. However, thesao

discuséi;ﬁé"ﬁere confined to one—dimension only. Later it will be
noted that at 1least a two-dimensional analyses is a must.
Otherwise the isotropy of two-—way speed of 1light which follows
from the reinterpreted second relativity postulate (vide sec. 3 of
chapter V) cannot be used and therefore some subtlities and
richness of the relativistic Physics (Ghosal et al 199% have to
be sacrificed.

In a series of important papers Mansouri and Sexl {(1977)
developed a test theory of SR and investigated the role of
convention in various definitions of clock synchronization and

siMUItaneity.- They showed that two prrincipal methods of
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synchronization could be considered: system internal and system
external synchronization. Synchronization by Tthe Einstein
procedure f(using the light signal) and by SIDQ clock transport {(to
correct all clocks at a given locality and then place them at all
space points ‘of a given reference frame)* turn out to be
equivalent if and only if the time dilatation factor is given ' by
the Einstein result (1—v2/C2)1/2. The authurs‘constructed an ether
theory that maintains absolute simultaneity and is kinematically’
equivalent to SR.

In 1979 Sjiddin developed the C-5 thesis and consolidated it in
a beautiful paper by considering the whole issue more generally
and also by assuming the role of synchronization in SR and some
related theories. Sjcdin presented all logically bossible linear
transformations between inertial frames depending on
physicai behaviour of scales and clocks in motion with respect to
phyéical‘vacuum and then examined Lorentz Transformations (LT) in
the light of true length contraction and time dilatation. In his
.article §j8din tried to separate the true effects and the effects
due to synchronization convention. For this the author considered
two special cases. The Newtonian world, without any contraction of
ﬁbving bédies ard slowing doﬁn cf moving clocks and the lLorentzian
worlﬂ,lwith.loﬁgitudinal contracfioﬁ of moving deiesland slowing
down of clocks. The author then used sfandard synchrony in
-Newtonian world and got the transfbfmatiuns which were already

.derived by Zahar (1977). These transformations show that the

* T
For some remarks on slow-transport synchrony vide Podlaha (1980).

"In the présent volume we would not take up this issue.
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relativistic effects are only due to choice of special synéhrnny.
But when Siddin used absolute synchronization in Lorentzian world,
the relevant transformations were due to Tangherlini (1961) which
shows the real effects. In this way 53i8din came to the conclusion
that the confusion regarding the existence of the ether and the
reality of the léngth contraction /7 time dilatation effects is
mainly due to the non—separation of the effects due to
synchronization and the real contraction of moving bodies and
retardation of moving clocks.

Although many articles have been written on this thesis of
Conventionality of Simultaneity, most FPhysics texts con relativ?ty,
except a few (Taylor & Wheeler 1963), do not bring this topic into
question. The fact that the €-S thesis has not yet gained wide
spread attention among Physicists may be attributed to the fact
that there is a tendency to regard the C-S thesis as an antithesis
of SR and anything that seems coﬁtrary to the standard formulation
of relativity 1is viewed with skepticism. In +fact there are
non—believers of the €C-5 thesis too. Among the oponents, are the
authors {(for example vide Fung & Hsieh 19803 Nissim-Sabat 1982)
who proposed numerous experimenté over the years which have been
claimed to allow for an empirical test which might distihguish
among the admissible synchrony conventions and thus refute the

conventionalists thesis that all admissible conventions are

empirically equivalent. To comment on this however, it is enough
to say that every such. test proposed can be shown to involve in
its analyses and assumptioné logically equivalent to the adoption

of the standard synchrony and thus to amount to a simple begging

of the question rather than an independent empirical test

17



{Townsend 1983).

Indeed in our opinion the C-5 thesis complemertts SR and the
understanding of the former helps clear out confusions that
sometimes occur in SR. As Qe have pointed Duf, the claim that the
relativity of distant simultaneity is a new

non—classical
philosophical import 'is one erxample of various such confusions. In
spite of SR, being one of the most simple physical theories, it is
the most prolific in giving birth to falacies, riddles, confusions
and misconceptions. We identify at least two reasons for them: (i)
bverlooking of the CfS thesis and (11i) Misconstruing of the
subtlities of the C-5 thesis.

As an example of one of such misconception whose origin may
be attributed to the reason no. (i) above is the common belief
that relativistic transformations can be derived usiﬁg the first
relativity postulate alone. Indeed the literature is abundant with
thevsn—called Dne—poétulate.derivation of Lorentz transformations

{Ignatowasky 1910, Frank and Rothe 1911, Wiechest 1911, Pars L A

1921 ,Terletskii 1968, Sussmann 1269, Arzelies H 1966, lee A R

and
Kalotas T M 1975, Levy-Leblond 3 M 19746, Srivastava A4 M 1981). In
order to criticize the "overemphasized” role of the the second

relativity postulate (round—trip light principle according to the
C-S thesis) in the standard twn postulate derivations of ‘SR these

authors have shown that the existence of a 1limiting uwuniversal

speed is a necessar* cnngequence of the First Relativity Postulate
(FRP) alone. Apparently these approaches make the Second
Relativity Poétuiate {SRP) superfluous, but practically that is
not so because the authors cbtained only the Lorentzian

form of

- transformation equations where ¢ (the velocity of 1light) is

18



replaced by an unknown constant velocity parameter (o’

according

to Lee and Kalotas 1975] to be determined empirically. Thus unless

a further empirical

prevents the transformation equations to become even Galilean (o =

w) .

synchronization has been made:

information

In order to develop LT without the SRP, no reference of

this is a feature which

is supplemented with, nothing

clock

is common

to all the articlies mentioned above is the root of all confusions.

We shall 1later {(chapter

incorporate round-trip 1light

relativistic transformations. .

Vi)

show how important it is to

principle in order to derive

There are other examples of common misconception that arises

from overlooking of the role of
It is a still prévailing belief
to Galilean Relativity (GR) for

small compared to the speed of

conventionality ingredients of SR.

among Physicists that SR goes over

relative speeds that are very

light in wvacuum. This is not

correct. In fact it can be shown that if the belief is taken to be

true it would have led to an interesting fallacy

which we shall

discuss in chapter IV. It will be argued that Galilean synchrony

and Einstein synchrony are different and we will show that small

velocity approximation cannot alter the convention of distant
~simultaneity.

Misconstruction of the €C-S5 thesis itself¥ is also not

uncommon. For example in a recent article (Cavalleri & Bernasconi

light

1989) it has been erroneocusly suggested that - 'speed

invariance in SR is a trivial matter and as if, by virtue of the

£-S5 thesis, even Galilean Physics can be reformulated seo that

light speed remains invariant. We shall show in chapter V that

these claims are not quite correct and it will be presented that
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the above claims have their origin in the misconstruction of the
Reichenbach—Briinbaum thesis of cohventionality~ of distant
simultaneity‘in SK.

There are other examples also. Schlegel (19273,1975,1977) in
his pahers cléiméd that it is possible to éqnstruct theoreticélly
a‘LDrentg Invariant (LI) clock whose rate does not depend on its
state of motion and alsoc stated that the PR does not come in thg
way in conceiving such a clock. As a counter claim then Rodrigues
(1985), in connection with the enquiry whether Lorentz Invariant
(LI) clocks can exist without violéting the PR, incorrectly
remarked that the possibility of having absolute synchrony is an
antithesis of the relativjty principle! In chapter VI we will
adaress ourselves to the task of clarifying these issues. The
definition of a LI clock will be reexamined in the 1light of the
C-S thesis.

Sometimes in connection'with the C-S thesis, the debatable
issue of ether (as a hypothetical substrate providing a preferred
inertial frame) often crops up (538din 1979; Mansouri % Segl 19773
Cavalleri & Bernasconi 1989). But guestions have been raised
whether considerations of synchronization alone can distinguish an
ether frame or not (Spinelli 1983; Cavalleri & Spinelli 1983;
Stone 1991). As it stands now, as if the existence of a real
physical ether as a preferred frame would have placed the C-§
thesis on a stronger footing. In fact efforts are still on to give
a physical Support to this preferred frame of ether. We shall
later see in chapter VII that fér the understanding Df~ the C-S
thesis af least, one can bypass the debate concerning the
existenﬁe of ether by introducing at the out-set a real

physical
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substrate through which di%ferent .inertial frames .may be
cons:dered to be in félative motion.

Givén this.perspective of confusion, - misconstruction = and
pdlemics regarding the C-S thesis or SR for that matter, we are
ied to conclude that everything of SR is still not well understood
and we hope that all the chapters (1V,V,V1, Vi) which form the
part II of this volume will demonstrate that the C-8 thesis,
instead of be;ng an adQerséry to SR may aid us indeed ' to resoclve

confusions in SR itself.

1.4 TOPIC ~ WISE SUMMARY OF THE PRESENT INVESTIGATIONS:

I

ON THE VIABILITY OF A FLAT~SPACE~TIME THEORY OF GRAVITATION

An improved version of the flat-space-time theory of

gravitation has been presented. To obtain the equation of motion:

of test objects a covariant Lagrangian formulation has been

developed heuristically and a non—general-relativistic tensorial

field equations have also been proposed. It has been shown that

wiﬁh these results the present theory when applied to a

matter—free spherically symmetric situation, produces correct

values fof the advance of the perihelion of HMercury’s Drbit. and

bending of light near the Sun. The energy integral for a particle

trajectory has been calculated and this has been used to obtain

the general red-shift formula.

21



PARTICLE TRAiECTORIES IN SRNG

In the iighf of a Lorentz covariant theory of ~gravitation,
the radial and the circular trajectories of test objects have been
studied in a static spherically syhmetric situation. It has been
found that the gravitational field 1is characterised by a
characteristic tradius roo = 1.58r tr = Schwarzschild radius)
whiéh defines the surface of infinite red-shift. For a radial free
fall it has been shown that a particle coming from a 1large
distance first gets accelerated towards the source. However, as
the velocity increases and the particle penetrates deep into the
field, the nDn—Nethnién features of gravity begin to show up.
From some point along the radial trajectory, depending on the

- initial energy, the particle starts getting retarded and finally

stops at re- It is therefore observed that the radial fall

in
general is characterised by a "terminal velocity” in the velocity
field. Another non—Mewtoni an character of the present

flat—-space-time gravity concerns the question of existence of
circular orbits. Calculations revealed that circular orbits cannot

exist below a limiting radius which is approximately equal to 2.23

r_.
s

The last section of the paper (chapter III) discusses some

objections which may be raised against the consolidation of

gravitation & special relativity and it is remarked that the

content of part II of the.present volume (particularly the chapter

VII) may come out with the answer.
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PASSAGE FROM EINSTEINIAN TO GALILEAN RELATIVITY AND CLOCK

SYNCHRONY
There 1is a general belief that under small velocity
épprnximatinn, Special Relativity goes aver into Galilean

Relativity. However, a misqonception could easily arise that would
stem from overlooking the role of conventionality ingredients at
Special Relativity Theory. It is observed that the small velocity
approximation cannot alter the convention of distant simultaneity.

In order to exemplify this point fnrther, the Lorent=z

~transformations are critically compared, . under the same

approximation, with the two other space—time'transformations, one

of which represents an Einsteinian world with 6Galilean synchrony

whereas the other describes a Galilean world with Einsteinian

synchrony.

CONVENTIONALITY OF DISTANT SIMULTANEITY AND LIGHT SPEED INVARIANCE

A recent claim that it is possible to formulate Galilean
Physics so that the light speed remains invariant and also that.

Special Relativity (SR) can be reformulated in such a way that the

constancy of light speed is no longer maintained, has been

"refuted. Had it been correct, it would have rendered the second

relativity postulate trivial! It is held that the above claim has

its origin in the misconstruction of the Reichenbach - Grinbaum

thesis of conventionality of distant simultaneity in SR.
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ON THE DEFINITION AND EXISTENCE OF LORENTZ INVARIANT CLOCKS

In the light.of the Conventionality of distant GSimultaneity
thesis (C-S thesis) the definition of a Lorentz Invariant (LI)
clock has beeﬁ reexamined. A recent definition of a LI clock has
been found to be logically unsound. The C-S thesis has been
clarified in order to obtain a synchrony independent definition of
a LI clock. General transformations of coordinates between two
inertial frames when standard clocks are replaced by LI clocks
have been obtained in order to understand the questiénl of
incompétibility of LI clocks and . relativity. It is held .that
contrary to some statements in the literature the theory Df
relativity does forbid the existence of LI clocks but a recent

approach which tries to establish the above fact seems to be

unsatisfactory.

THE ROLE OF c¢ IN SPACE-TIME TRANSFORMATIONS : RELATIVITY IN A

SUBSTRATE

Reichenbach — Griunbaum thesis of the Conventionality of
distaﬁ£ Simultaneity of special relativity' is clarified by
developing relativity within a medium. Instead of light, spatially
distant clocks are imagined to have been synchronized by "acoustic
signal”. Einstein’s prqcedure-for synchrony which assumes that the
two—way-speed of the synchronizing signal along a given 1line is

the same as its one-way—speed, has however been retained. It

is
shown that by deliberately opting for- the: non-luminal synchrony
tbut at the same time following Einstein’s procedure for it) and
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hence by obtaining the transformation eguations for the
relativistic world one is able to visualize more clearly the
conventionality ingredienté in the standard formulation of special
relativity. The Sjodin point of view of clock synchronization
which requires the concept of a preferred inertial frame is seen
to be more appropriate in the present context. First the
transformations have been obtained generally and later some
special cases have been investigated. The common éonfusions
regarding the "real" and "apparent” effects in special relati;ity
have been made clear by studying the transformation equations for
the relativistic world and that for the Galilean world under the
non—luminal synchrony. It is shown "that y—factors of spécial
relativity partly originates from Einstein’s procedure for clock

synchrony.
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