Historical Perspectives

The concept of a constant velocity of light, E@is's second postulate, is all important in thecebeheory of
relativity. It is therefore necessary to place t@elopments of Maxwell, Lorentz, Einstein andeoshinto a
historical perspective, in order to gain an insightto why the idea of a constanbecame so ingrained in the
development of their theories. The advantage adipfy a historical perspective on the process efdvelopment
of relativity and some of its alternatives is twidfo The first reason was mentioned above. Thersgceason is that
science is an obviously human enterprise, whiclmaghe cleanly lifted out of other social, polifigad historical
issues of the time. The issue of social factovgags resides in the background of science in somg and its
influence should not be underrated or ignored. és@mple, one cannot help but wonder about théiaahip the
theories of relativity had with the great wavessképticism and doubt in our human abilities to ma&ese of the
world which swept through the western hemispher¢hatonset of the twentieth century. However, natt@n
launching into a long exposition regarding the rirgkationship that science shares with social factthis chapter
instead pursues a more narrow approach by documgettite development of relativity and its precursoternal to
science.

As usual, development in time does not necesstuilgw conceptual and logical development. Oftewts
historical patterns influence the types of questibaing raised, which are better understood imaesee that is not
necessarily time ordered. Even more significantfys latter point is usually only understood aftbe fact--
succeeding generations have the advantage of ghtdsiorder to better categorize their predecéss$oresight. In
this respect, relativity is definitely no exceptiomhis chapter and the next address some of therdtical and
experimental issues that preoccupied the physiosmamity of the time, laying special emphasis on \aing how
certain issues were biased in terms of the intéapoam of data and the types of reasoning impod#eé. will see that
it was this progression of reasoning along a aertaitial line of thought that resulted in the olyerestrictive
definition of light speed, and subsequently thecbasion that only transformations of the type htitable to
Lorentz held any validity in the "real" world.

After a long history of discovering the laws otur& through interpretation of experimental resudtgldenly the
theories of physics would be built on a serieshofight experiments with ever increasing complexithe world of
Galileo and Newton, associated with the tower alaRind falling apples would be replaced by hypathketight
speed trains and elevators in free-fall towardgte. It was partially this emphasis on mathemhspaculation
over the checks and balances of methodical expataheesearch that helped lead Einstein and hiteaguoraries
astray in the early nineteen hundreds.

Maxwell's Equations

What many popular expositions of relativity ignasethe necessary relationship that exists betwektivity
and electromagnetic phenomenon, completely dyndimidascribed by Maxwell's wave equations. Thiamection
is really so extensive that it is better understdoat special relativity is a derived consequentévlaxwell's
equations, interpreted in a certain way. As alyeantioned in chapter one, RCM theory is likewdgsether
interpretation of Maxwell's equations. Interestynghere exists literature that seeks to reversg ftelation and
derive Maxwell's equations out of a context of splaelativity. Many modern physicists have beerirgloctrinated
that they marvel at the way in which Maxwell’s etjoas have Lorentz invariance built in—a prioritt@ discovery
of this particular set of transforms by LorentzheTfact that Lorentz actually developed his tramsfoto try and
reconcile a bad theory with good experimental @atgnored or unknown.

Maxwell's equations consist of a set of four emumt relating properties known as the electric avadnetic
fields and the electric and magnetic flux. Therfequations are sometimes referred to as Gauss'shla law of no
magnetic monopoles, Ampere's law and Faraday's [@e three laws named after individuals are rdlatethe
precursory discoveries of those individuals in itt@iin areas of electric and magnetic studies.s Ihieresting to
note that these four equations are written indepeindf any particular system of units, which furtBapports that
the equations in and of themselves fail to predispecific fixed speed for electromagnetic waveppgation.

Qualitatively, each of the four Maxwell's equaBorefers to a separate law of electromagnetic hehav
previously known by Maxwell's contemporaries. aample, Gauss's law is basically an extensiorh@fntost
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basic equation of electrostatics, namely Coulondois Coulomb's law itself describes the electristéorce
between two charged bodies to be proportional éopioducts of the charges and inversely proportitmahe
square of their distance, just as in the case eftdles law of gravitation. Generally speaking, €8l law is a
convenient extension of this principle, which ballicsays that the strength of a radiated eledigid of a charged
body depends on the amount of charge presenth®ather hand, the principle of no magnetic monepshys that
the behavior of magnetic fields is fundamentalfffedent from the behavior of electric fields. Whas the electric
field can be visualized as lines of force beginramgl ending at various charged sources, magnetisfare better
visualized as closed loops of force, with no beigror end, since modern physics has yet to digcavé&unit
magnetic charge" from which magnetic fields mighgimate.

Faraday's law is a relationship for moving chargesurrents. It essentially states that curleops respond in
such a way as to counteract changes in the maghetithrough the area they enclose. The basthisfproperty is
known as inductance. Among other things, Faradaysled to the development of the inductor, arctetmic
device indispensable in radios, televisions andoatrall electronic products. Last, Ampere's lavamsanalog to
Coulomb's force law in that Ampere sought to detiive force between two closed loops of wire. Tioice
relationship was then condensed in a manner sirdldhe way in which Gauss's law condenses Coubial--
following the magnetic field around a closed lodgvire enables one to determine the net currensitiearound the
area enclosed.

Ampere's law as discussed above deals with stet@atky-current phenomena, in the absence of actietgra
charges, based on his experimental work. Thisotstime full law described in Maxwell's equationk.took the
genius of Maxwell to realize this limitation, anchen he subsequently generalized Ampere's law tercthe
phenomena of accelerating charges, he made amdsigudiscovery that electricity and magnetism iategrally
related. In other words, he unified the electmc anagnetic fields through his realization thatidgposcillating
chargesradiate both electric and magnetic field components pedfmemar to one another. He deemed this
phenomenon electromagnetic radiation and went onpdetulate the existence of an entigpectrum of
electromagnetic radiative frequencies, of whichiblés light is but a tiny fraction. Even more fumdentally,
Maxwell was able to link this notion with what waseviously known concerning the phenomenon of gtgtt and
magnetism, showing that all these seemingly divepbgsical properties fit neatly under the canopy of
electromagnetism, whose dynamic relations areeggaetly specified in his four equations.

The contribution on the part of Maxwell cannotu@errated. For one thing, his insights led intoeatirely
new avenue of research into radiative phenomealtireg in the discovery of X-rays and other twettti century
advances. In another sense, he introduced a n@slrhg which magnetism and electricity, previousbnceived as
separate, were unified to such a grand extent axchode the laws of optics. Perhaps even mosiifsigntly, the
consequences of the Maxwellian model among otlingshintroduced field and continuum notions intedtetical
physics, and the push became to explain all phenanre terms of continuum properties. Hence, ttetohical
debate between Newton's corpuscle or particle mofdight versus Huygens' wave model of light wasgived and
universalized to the extent that particle and wareelels gradually became imposed universally througphysics,
leading, among other things, to the developmenguEntum mechanics. The wave-particle duality ianum
physics seems to imply that perhaps both Newton tungbens were right in a very universal sense-enand
energy contain both wave-like and particle-likepedies. To simultaneously accept these seemuwijradictory
models, however, one must abandon the notion hieamicrophysical world can be visualized. Thistooversy on
the visualizability of microscopic matter persitiglay regarding the issue of interpreting quantimysigs. Perhaps
the physicist Henry Margenau puts the whole comrsy in perspective when he writes that: "Tryingitualize a
subatomic particle is a bit like trying to ‘'smallbbeam of light."

The Maxwellian continuum model of radiation foradbwed the development of relativity in an attetogfind
in what kind of medium Maxwell's electromagneticwes must propagate. This search is discussed fulbyrén the
following sections. In summary though, the deveilept of Maxwell's equations can be looked uponnasxample
of theoretical physics at its finest.

The Nature of The Velocity of Light

As mentioned already in the first chapter, inricssense (in other words based entirely on tha@ioations of
electromagnetic theory), the value of the speetigbt can be viewed as a built-in parameter remdgethe units
consistent among the quantities in Maxwell's eguati One can exploit the characteristics of taimmeter in such
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a manner as to verify its value experimentally.isTlof course, does not mean that the experimgntdiserved
results are the only values that the parametertake on, any more than one would assume that becaus
observes a car traveling at twenty miles per hberdar always travels at such a speed. Howeveveashall see,
this is just the type of assumption made by thesjolists studying the velocity of light.

Recall that Maxwell's equations were written imanner that is unit-free. While this may seemradéé in the
sense of mathematical simplicity, a system of umitsst be attributed to these equations for therhaee any
physical significance. Contrary to the case of mechaniese is no absolute standard of measuring eleeyaetic
guantities. The main reason for this is histotlic.the eighteenth century, Newton's mechanicseasoaultaneously
with the great concerns to develop a universaldstathfor measurements of length, time, mass aner gthysical
properties. Electromagnetic theory, on the otredh appeared nearly a century-and-a-half lateh plenty of
experts using plenty of their own systems of unige will employ this digression on units to revlaalwv the value
of c is derived.

First of all, as a consequence of Coulomb's lave, can straight forwardly deduce that the equali®scribing
the electric field is given by some constant tirtfessratio of a charge to the square of the distémere that charge,
for any arbitrary unit of charge we define. Equdlindamentally, Faraday's law defines the forcpeeienced by
two infinitely long parallel wires as another cardttimes a ratio of the currents to the distaretevben them. Due
to the choice of units arbitrarily assigned to thems in these equations, a little bit of algebzaenls that the
dimensions of the first constant divided by theosektis a velocity squared. So at least in prircthbe units match
those ofc®. At this point, assuming we do not yet specifyumerical value foc, we can state that the ratio of the
two constants is defined & In this respect? is simply aname applied to the ratio of two arbitrary constantsj a
is not anything like "the speed of light squared.”

In addition, Ampere defined a magnetic field, iotlon, as being numerically proportional to Fardsldgrce
and a third arbitrary constant. Another treatnwdrftaraday's law produces yet a fourth constaproportionality.
Combining these equations and insisting that alb&gns have consistent dimensions, it can be m@ted that the
fourth constant is actually just the inverse of Ammgds, thus we are left with only three undeterchinenstants.
Substituting all the previously known values foe ttlerived interrelationships among the constamts, amncludes
that ¢ as arbitrarily defined above represents the vsloof propagation in Maxwell's electromagnetic wave
equations. Notice, however, at this point there fet to be a numericablue assigned ta, even though our
demonstration indicates thats a necessary parameter for consistency in the expressed in Maxwell's equations.
Still we have the three arbitrary constants at disposal. It turns out that depending on how oslecss the
particular combinations of these values, one carstcact a system of units of his or her choice t, Yiete that the
interrelationships among the constants are alwayariant in terms of their being in multiples otioa of the
parameterc, always withc being undefined as far as a specific value witliy system of units is concerned.
However, we can then make physical measuremertsealesired quantities and ratios, and determirerasult of
these experiments, that, at least in the realnmuoeaperiments, the value ofis consistently the same, and that that
value is roughly 300,000 kilometers per second.e ifhportant point to realize when specifying théugaof c is
that, of necessity, it idependent on the observer, in this case whatever experimental apparatussedar measuring
the required quantities. We can say nothing atimivalue ot independent of the capabilities of our equipmeht.
our measurements were such as to produce diffempats into the determination of the three constatiten we
would as a result obtain a different value for dgo@ntity that we named

At the risk of becoming redundant, the purpose¢hete derivations was to explicitly reveal Maxwethesis
concerning the fundamentally electromagnetic chiaraaf light, visible and otherwise. Whiteis shown to be a
regulative parameter keeping straight all of thiéssuim Maxwell's equations, in the final analygtse value ot can
be derived only from the basis of directly measuedettromagnetic parameters. There are many ewpstal
approaches to derivirgfrom purely electromagnetic considerations, thoalyjlare ultimately limited by necessity to
the perceptions of the observer. Investigatingrthieire ofc exhaustively reveals explicitly how special rel#yi
and similarly RCM theory originate as consequertoeparticular interpretations of Maxwell's equatipispecial
relativity by treating experimental observations fasdamental truths, RCM theory by considering ofitgt
principles.

For example, one means of determining the sped@jiufis to measure to quantities referred to lestec
permittivity (€) and magnetic permeabilityld) of free space. The speed of light to be detebtedny particular
observer is then simply one over the square rodh@foroduct of these two quantities. Any paréicudbserver in
free space (and idealized abstraction, but usefuillistrative purposes) will measure a certapedfic value for
these two quantities. When that observer takeftlerse square root of their product, the resillthe the valuec,
roughly 300,000 km/sec. We now allow another olaseto travel past the first at some arbitrarilghhispeed. If
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that observer also makes measurements afd, and takes the inverse square root of their prodiietresult will
also be the value. Thus, two observers in relative motion, making same set of measurements at the same point
in space, will each determine that the velocityigtit at that point in space tsrelative to the frame of reference of
each. This will hold true no matter the numberegperimenters or their relative velocities withpest to one
another. Any number of observers will determiret the velocity of light from some distant soursen@easured at a
particular point in space iswith respect to their individual frames of referen This simple statement is all that
such an experiment, or a conceptually similar erpemt, can say about the velocity of light. Allselis
interpretation. The most obvious interpretationuldobe that in some manner or another light mwstelrin a
continuum of velocities, such that any observer fiath a component traveling &tin its own reference frame.
Special relativity, however, concludes that lighstonly one unique velocity (even though, intenggyi enough, that
velocity is not measured with respect to the source), and tha &nmd space distort and curl up around moving
observers to make the mathematics work out. Batrmdne considers the sequence of theories andvdises at the
end of the 1800’s in perspective, some light cash®r on how this strange interpretaion came abodt, perhaps,
why it has persisted for almost 100 years.

Obviously, the above derivation utilizing experimmtedly determined quantities revealed the obsewetdcity of
c to be an invariant. In other words, the quartitieat determine the constants are the same nerrtfadtorientation
or presumed velocity of the experimental set upcéthe quantities that determioare always the same, then so it
would seem that the value ofmust be always the same. The question then becambat sense is the speed
defined asc invariant? Since as Einstein discovered all matiebe essentially electromagnetic in nature, ofue
course to the existence of electrons, then invattig the shades of distinction regarding the iiavare ofc in
electromagnetic theory has universal consequenicefact, the discussion cannot really proceed ssige pick up
where we left off in our story of the inceptionMbxwell's equations. The fundamental pursuit duthre end of the
nineteenth century focused on the issue of trymgliscern any "proper" frame in which Maxwell's atjons
reigned, if indeed such a "proper" frame could &id $0 exist at all. Hence we turn to the aettestplate and the
subsequent experimental attempts to establislxigteace.

The Aether Postulate

The advent and experimental confirmation of a iomous spectrum of electromagnetic radiation predidy
Maxwell's equations arrived with its own host ofzpling questions. For one thing, Maxwell's equadiamplicitly
predict wave phenomena, leading of course to ttidessly verified postulate of the electromagnepecsrum.
However, resulting in a great historical irony, Meetl had actually set out to construct a Maxwelkeorld-view, as
influential as the Newtonian world-view, of whiclisifamous four equations would be but a consequérereof.
Yet, physics students today remember Maxwell ferfbur equations, and not for any foundational Gbations to
physics of the type Newton is usually remembered fss mentioned earlier, some consequences dfitbavellian
"continuum" world-view did seep their way into thmainstream just the same, namely in the form ofeaparticle
dualism and in the issue regarding the invariarfdesofour equations for all inertial frames ofeeénce. It is this
latter issue that led among other things to thesigment of relativity theories.

Fundamentally, it is a mistake to think that Edistwas the only physicist who endowed physics weith
"relativity principle." Though it is true that Etein made such issues very explicit, based orinkights and
associations, relativity is really better underst@s a systematic treatment of the relationshigsiphy laws have
with frames of reference. In other words, fundataly) relativity can be thought of as the intedabetween
physical principles and the geometry of the obgerve this respect, two important consequencesengirst, one
can never divorce mathematical physics from gegme®econd, relativity considerations are prioraod implicit
in, every equation expressing a physical law. é&ample, Newtonian physics is based on Galileannagsons of
the nature of space-time and the interrelationsrgnabservers; hence it makes sense to talk aboesvttian
relativity.” Though Maxwell was unsuccessful inhewving his principle goal of a Maxwellian worldew, he
nonetheless unwittingly opened the door to sonteetieepest speculations that arose in the hisfquizysics.

Maxwell put the aether hypothesis forth originaig a consequence of his electromagnetic speostalate.
In his time, it was thought that in order to taboat waves; one must necessarily invoke the nafamedium, so
that waves as we generally understand them cab &x&l. The reason for this proposal seems bbthious and
subtle. In an obvious sense, waves are only oneimvevhich energy chooses to transmit itself thioagmedium.
Take, for example, the case of a fluid such asottean. The ocean is a medium, being bombarded bprés of
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energies such as thermal energy from the heat efstin's rays, wind energy and tidal forces. Byrgne
conservation, the ocean muki something with all the external energy it is absug from its environment. It
disperses thermal and mechanical energy in two @saopic modes: convection, in the form of oceamesus, and
wave propagation. Certain conditions must be wregither mode to occur.

Energy transmission in the form of waves is a vefficient means of conveyance. The reason fa& ihi
illustrated as follows: the difference between ation and wave propagation is that waves don'y¢bae material
along with them. Though the surface of the ocqgpears to move, it is only the waveforms that ampagating--
the water molecules simply oscillate in their stairy positions as the mechanical energy passesghrthem. A
macroscopic illustration of this is the "wave" sga¢ors sometimes make at large sporting gatherihgsspectators
themselves certainly don't travel around the aweitia the motion of the wave. An exception to thatisnarity of
the medium of the waves is the phenomenon of whweaking along the shoreline. Here, thier@luid transport
occurring along with wave propagation. This pheanan is caused by the frictional forces of the @asingly
shallow shoreline interacting with the waves praamy on the surface of the water. Seen from theeis point of
view, this frictional effect of the approaching aodfloor tugs at the fluid underneath it, literadigusing the wave to
trip over itself. This property is known as Kelttelmholtz instability and arises whenever two naedith different
densities interface, causing frictional effectshatboundary.

Thus we see the obvious reason why one desimeganto a medium for wave propagation, thoughyashall
see later, quantum theory dispenses with this ségesThere is also a more subtle justificatiowalving the notion
of action at a distance, which goes back to Nevatath earlier. Newtonian mechanics at the time gagemplete
mathematical description of the dynamic interaci@mong corpuscles or bodies, consistent with addeatean
world-view of corpuscles interacting in a void. drder to explain his dynamics, Newton postulateddxistence of
influences, or forces, that the bodies share ameawty other, a most notable one being universaitgtewn. Such
forces form the causal link in corpuscular dynaméarsd behave according to the principles laid dawNewton's
three laws. Newton's first law, the principle péitia, states that a body at rest remains aurdsss acted upon by
an external force. Similarly, a body travelingarstraight line will continue its motion at a cargt speed unless
acted upon by an external force. The second latesthat the force acting on a body is equal ¢ontlass of the
body times the acceleration experienced by thaybothe third law states that for every action arcé applied,
there is always an equal and opposite reactiothaothe mutual actions of two bodies on each odinerequal and
in opposite directions.

Students of physics today usually accept Newtm®s of force at face value, and do not understhadl
Newton originally distinguished between two kindsforce--innate and impressed or external. Inrfatee is
proportional to the mass of the body and shouldearded as equivalent to the bodies inertia @iriéss," a direct
property of matter. On the other hand, an impik$sece is better thought of as external forceractin the body,
not remaining in the body once the action is ov@ravitation is an example of an external forcene@eason
Newton distinguished two kinds of force centeredhanstrenuous attempts to rescue his concepttefrea force
from the notion of action at a distance--that aybedmehow feels the instantaneous influence oftemdbody
independent of their mutual distance. The ideaabion at a distance implied somewhat of a trogptincult view
of nature. In a certain sense, Newton was onlyiglgr successful in achieving this purpose, bwg #normous
empirical success of his formula for universal detion somewhat immunized him from the former ici$ims
regarding the all-too-disturbing similarity gratitm seems to share with action at a distance.o Ashis favor,
other philosophers argued at the same time thdibfaat a contact is not a whit more intelligibleh action at a
distance."” The net result is that the debatesrdags action at a distance in Newton's theory @viation have
become academic. That is to say they are somemblatvant from the standpoint of working physisist

Upon some reflection, one will quickly realize thhe notion of an aether for waves to propagatikewise
rescues electromagnetic theory from action at samig. For just as in the case of Newton's lawpaoficle
mechanics, whereby wave action is explained viddbal interactions among the particles of the meyilikewise
this idea was extended by Maxwell to cover electgnetic wave phenomena. Without the aether, ibines
unclear how these waves can travel through otherefapty space, any more than a wave set up in owe df
water can travel through the air and suddenly appeanother bowl some distance away. Maxwell'sufiar
coinage of the term aether came from Descarteginafi definition of aether as imponderable matt&he reason
why Maxwell considered this matter imponderable haddo with the disturbing issue that this matteasw
undetectable, and served no useful purpose savacfimg as a necessary medium for his electromegwetes to
propagate in. And of course, this medium was rezggsin order to rescue his wave mechanics fronoméett a
distance. Maxwell also felt, however, that thishae was subject to the same laws of dynamics gso#mer
medium. As he wrote iA Dynamical Theory of Electromagnetic Action in 1865 concerning the aether:
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It appears therefore that certain phenomena iactridity and magnetism lead to
the...conclusion...that there is an aethereal mediervading all bodies, and modified only in
degree by their presence... We are led to theegiimn of a complicated mechanism capable of
vast variety of motion...these motions being comicated by forces arising from the relative
displacement of the connected parts, in virtuehefirtelasticity. Such a mechanism must be
subject to the general laws of Dynamics.

However, what Maxwell meant by dynamics had towdth mathematical methods attributable to Lagrange,
themselves extensions of Newton's, save for thetfet in Lagrangian dynamics an explicit knowledgethe
mechanism of the system is not needed. In othedsyd.agrange's methods enable one to bypassgliatirthe
impressed forces on the system of interest, indfise the aether-wave system. Thus Maxwell wassplared from
having to describe explicitly the dynamical inteorkings of the aether while still claiming its atyilto transport his
electromagnetic waves in the customary manner.

Rest Frames and Inertial Frames: The work of Lorent, Michelson and Morley

Towards the end of the nineteenth century, Maxsvelktther hypothesis was generally accepted. cin tlae
famous physicist Oliver Heavyside went so far asuggest that the existence of the aether shoukitbepted as
primary, and matter itself should be shown to deitg own properties from those of the aether. sTaimed the
beginning of the electromagnetic conception of eratculminating eventually in the discovery of éfens.
However, the temporary success of the aether hgptraised more basic questions; namely, onesenting
invariance in all frames of reference.

A reference frame is simply a coordinate systemuge"with reference" to a particular physical ation.
Reference frames can obviously be specified acegrdo any configuration. As examples, the coorigina
framework can be centered with respect to an obsgtive Earth's surface, the sun's center, orrtrah of the fixed
stars." In this sense, the roots of relativistimgiderations originate in the work of Descarted &alileo, the
architects of the modern view of physics. The esafgthe term "modern” is sometimes referred tothrer contexts
as twentieth-century physics. Yet, historians galheagree that the modern period began roughinduhe early
seventeenth century. In this respect, modern pbysad its basis in this period, when a purely ttaive
explanation of motion was initially developed. Fhiew quantitative explanation implicitly assumbdttnature
could be mathematically specified to any arbitrdegree of precision. This viewpoint reached itknation in
eighteenth-century determinism, which held thahé position and momentum of all particles in timéverse were
known, then the future of the universe would becabsolutely determined. This determinism was eoiossly
guestioned until the advent of quantum physicsmdutiie first part of the twentieth century.

Regarding the fundamental similarity of differeeference frames, Galileo first observed that wéetine was
at rest or in uniform motion with respect to onsisroundings, the observer's local experience tfrea laws of
motion should be invariant. In tli@agolo he writes:

Shut yourself up with some friend in the mainindielow decks on some large ship, and have
with yourself some flies, butterflies, and otheraifflying animals. Have a large bowl of water
with some fish in it, hang up a bottle that emptiesp by drop... With the ship standing still,
observe carefully how the little animals fly witkjuieal speed to all sides of the cabin... When
you have observed all these things carefully haageship proceed with any speed you like, so
long as the motion is uniform and not fluctuatihgstway and that. You will discover not the
least change in all the effects named, nor couldtedl from any of them whether the ship was
moving or standing still.

The purpose for citing Galileo directly is two-fold=or one thing, this idea of invariance was cesd radical at
the time, and indeed can only be effectively undeds should one ignore considerations of air-rasist. Only
when seeking to rewrite the laws of particle mofiorm vacuum will it become "intuitively obvioustdt whether a
particular physical situation is in uniform motion at rest should have absolutely no effect orlahes of dynamics
experienced locally within such a situation. Seftpnupon hearing the above description, the eminecept seems
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within the realm of what one would call common gen®©ftentimes, it is mentioned that "genius isdheof seeing
the obvious," a gift of which Galileo was certaimgll endowed.

At roughly the same period, Renee Descartes deedlanalytic geometry, which in a more basic sensdled
one for the first time to develop and use a co@@irsystem specifying one-on-one the spatial oelatiof any
conceivable object with respect to the origin o ttoordinate frame. Hence, today we usually rédesuch
coordinate systems as “Cartesian,” after Descaftesorporating Descartes' mathematical innovatiith Galileo's
aforementioned principle of invariance enables nspeak of "reference frames" and "inertial rafes=frames."
Informally, it is best to think of the latter as @eally rigid frame obeying Newton's first law wiotion or principle
of inertia--a freely moving body will describe aagght line with constant velocity unless acted mpy an outside
force. Hence, an inertial reference frame is aehtitht embodies the Galilean-Newtonian dynamicaiéwork.
Should one choose to specify the frame of referesirertial, then it becomes possible to use Newton's ordinary
laws of dynamics within it. Inertial referencerfras can be either at rest or travel along in umifonotion with
respect to a third coordinate frame, the absoltamé of reference or proper rest frame. For exampe can
specify an absolute frame of reference as a coatelisystem centered at a train station. We cam gpecify an
inertial frame of reference moving relative to diesolute one as a train moving at a constant speasgi from the
station along a straight section of track. In #ddj we can specify another inertial referencenamoving relative
to the first as a passenger walking in a straigletat a uniform speed inside the train.

Though Galileo's and Descartes' writings precetiese of Newton, and Newton had to obviously dravboth
contributions in order to develop his three lawsnaition, we will combine Galileo's insights with Wi@n's laws in
the Galilean-Newtonian Theory (GNT), a phrase coined by Carl Neumann. One meslize that Newton was
considered radical for his time, for many of hisitgmmporaries from the Cartesian tradition accusexdaf invoking
guantities that in a strict sense were not spatiopbral (able to be specified on a specific coairpoint with a
specific associated time). For example, the nadicforce can be expressed as a vector formulandiyamass times
acceleration. Although this relation contains getiioal properties that can be mapped onto a Gantesordinate
frame, it actually describes tleffect of the force, not the force itself. We shall seehapter eight when considering
the use of force to measure the mass of elemep#aticles how important this distinction actuallgdomes. Forces
or influences are then seen as entities that affiecspatio-temporal trajectories of corpusclesape themselves not
describable as localizable objects, and hence tadmmcspecified within a Cartesian coordinate systefhese
attacks, coupled with Newton's unsuccessful attertptreconcile the issue of action at a distarmomidgally gave
Newtonian mechanics an aura of being excessiveliaphgsical, vitalistic and occultish among some hid
detractors. Who though, when faced with the cotscepEinstein's relativity, would fail to embrabkewton's ideas
as the last vestige of concrete, common senseqdysi

The Galilean-Newtonian theory, or GNT, describedyaamical universe, capable of being mapped oonaes
imaginable absolute coordinate frame, hence pdsgeas absolute center. This proper rest frameldvepan a
potentially infinite class of inertial referencearnes that are themselves mathematically conneotetd another,
and to the absolute frame, via Galilean coorditiesformations As easy as it is to visualize, this notion of an
identifiable absolute center or absolute rest fraonthe universe is actually paradoxical in thepgcof GNT, as it
comes in conflict with Newton's first law--the priple of inertia. We see this by the following angent. GNT
holds that dynamical laws are invariant with resgecdGalilean transformations between inertial refice frames.
Hence, there is no way to detect absolute motiom fany inertial frame. The reason is that, assgraimabsolute
frame were to exist, from the observer's point iefwit would be identical to any other inertial eefnce frame.
Since there is fundamentally no difference in ttay wthe physical laws would behave in such an absd&lame, and
from first law considerations, there would be ne@ftvable qualities for detecting one's motion wéspect to this
frame. Any inertial frame could therefore declaself to be the “proper” rest frame, and there ldobe no
mechanism to distinguish the "true" rest frame frrve impostor. Thus, even though the conceptseitial
reference frames related by Galilean transformationeach other is very useful and easily undedstas soon as
we try to invoke an absolutely stationary referefreene against which all others can be measuredruwento
problems. Such is the fate of the aether concepiedl, as we shall see.

An important point regarding Galilean coordinatensformations addressed in the first chapterasfdlt that
time remains unchanged when moving from one inertiahédo another. This forms the concept of inettiak,
the basis of simultaneity, which enables one tonfan absolute and universal time scale in GNT. dde®GNT
implies that the state of the universe is descripethe set of all simultaneous events at a giwstant of time. It is
this notion of absolute simultaneity across allcgpthat enables a global synchronization of cldoksike place in
GNT. Einstein, on the other hand, proposed tha is nothing more than the observable measurbasfges in the
universe. In this respect, a clock running sloay, i the presence of a strong gravitational fielduld be marking
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the actual slower passage of time in that areneadse the observable clock has slowed, time itsalfslowed. In
this respect, it becomes impossible to speak mgtutiy of simultaneous events, and thus, no absdime scale
exists.

The detailed exposition regarding inertial refeeeframes and their unique place in GNT is necgdssasrder
to portray the context of the types of questioret thevitably arose regarding Maxwell's aether. mMentioned,
Maxwell's aether rescued his electromagnetic thbgrgnabling it to be subject to the general lalwdymamics, yet,
at the same time, the aether itself was spared frechanical description. The main question thdisasguently
centered on what kind of preferred reference frafmany, the aether resided in, and more generhblyy did the
notion of the aether pan out regarding Galilean-tdeian concepts of absolute and inertial referdreomes? For
some reason, such questions most preoccupied thin€atal physicists of the latter half of the rieenth century,
with the work of Hertz and Lorentz standing ouparticular.

Hertz was most concerned with theoretical questipartaining to the nature of the aether, who amuthgr
things demonstrated that ponderable matter ancetiger must be completely de-coupled, to the pelrdre the
aether permeates unaffected through all matteomRhe outset, this may seem contradictory in #reses that two
forms of matter occupy the same locality in spatwever, Hertz was able to show via a narrow prietation of
electromagnetic theory that such paradoxical cemaitbns can be avoided, at least to the extepedbrming the
appropriate electromagnetic calculations. Seeminghtradicting himself, Hertz then went on to cb®dhe view
that the aether was somehow "dragged along" by grabie matter. Even so, it was the work of Hehat t
influenced Lorentz to try to reconcile Galilean-Nemian notions of absolute and inertial referemegngs with the
aether, in ways going beyond purely ad-hoc conatdmrs. This meant, among other things, that forehtz the
microscopic structure of matter must be taken odaosideration. In fact, it was Lorentz who firgisfulated the
existence of charged particles swimming aroundenatteratomically, particles that he dubbed iomd electrons.

The principle question surrounding the issue ef tblationship between GNT and the aether had twitlo
seeking to find an appropriate reference framefferaether to reside in, which can be restateteassue of finding
a preferred or proper reference frame for Maxwelljsations. There were two principle reasons $timg such a
guestion. First and foremost was the issue ofahean invariance of Maxwell's equations. Ingade means that
Maxwell's equations transform between coordinatdesys in such a manner that thesic form of the equations
remains the same before and after the transformati@cepting, as Maxwell did, the finite speedet#fctromagnetic
action to be thevalue ¢, and at the same time writing out his equationsafgiven inertial reference frame, one
quickly discovers that the equations do not invaghatransform between reference frames when iniGalilean
transformations. In other words, unlike the Nevwdonequations of motion, Maxwell's equations are @Galilean
invariant when one assumes a constant valueforf the speed of electromagnetic propagation.séen in the first
chapter, however, revising the constraint of alisobwnstancy of the speed of electromagnetic adétioall inertial
reference frames to read that all such framestexdzally an electromagnetic action travelingcathe modified
second postulate--omman demonstrate Galilean invariance in Maxwell's eigunat

Maxwell was able to overcome this defect of noil€n invariance by postulating that in all expeentation,
electromagnetic phenomena are dependent on twaatepdems. These are the experimental apparttes--
behavior of the ponderable bodies, andriotion of the experimental set up through the aetherstbéon of the
observer. The second issue naturally follows fthenfirst, in that if the motion of the apparatussibe taken into
consideration, the question concerning what refereiname in which to situate the aether naturaflges. For
Maxwell, the issue was not altogether too crudiai,he pointed to the experimental success of bisagons as
indicating that although they were not Galileanairnant between terrestrial inertial reference frambeexpected
error arising from applying the equations in a referemaee moving slowly relative to the aether hadrbdis far
experimentally undetectable. So for Maxwell, theein transforming between the aether's referdrax@e to an
approximately inertial terrestrial frame was toonuscule to cause noticeable error in writing thaatigns with
respect to the latter.

But the experiments to detect motion with resgecthe aether got better. Numerously complex ilesoin
optics had been already put forth by physicisttha early nineteenth century in order to explaisevieed stellar
aberration first discovered by James Bradley in8173tellar aberration is an effect whereby asfaosition appears
displaced at an angle due to the earth's motiome t®eory of interest is that of Arago put forthl®53 which held
that light corpuscles were emitted at differentexise yet the eye is only able to detect those patpay atc, a
notion similar to the modified second postulateowidver, towards the latter half of the nineteerghtary it was
generally accepted that Fresnel's notion of theeamdieing partially dragged was correct, at leasaraoperational
principle, in explaining stellar aberration. Intiog, the term aether was adopted as a devicepaiaxhe medium
in which light propagated. Fresnel even developgdations showing the drag coefficient for a medmaving at
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some velocity relative to the aether to be direptlgportional to that velocity. Then came the Mison-Morley
experiments.

In a series of experiments performed by Albert ison and Edward Morley in 1886-7, conflictingules
emerged. Michelson and Morley used an interferemed device that causes two beams of light trageli
perpendicular to each other to create interfergradterns. By carefully tuning this device, one ldosupposedly
measure very small velocities along one path ofdéeice with respect to the aether by a changdeénpiattern
obtained. The device was sensitive enough to tifteanotion of the earth, which travels aroundgte at roughly
thirty kilometers per second and changes directioery six months. By performing the experimenthvaeveral
equipment orientations and over several seasoeg hibped to determine the motion of the earth vé#pect to the
proper rest frame of the aether. The first expeninsupposedly provided a direct confirmation afdrel's formula
for aether drag. In 1887, however, the experinvead repeated, using an improved interferometerrpurating
additional modifications suggested by Lorentz, dreexperiment rendered null results--there washamge in the
interference patterns obtained. These resultigdtet that there was apparently no relative mokietween the
Earth and the aether. Since the Earth was cleatlgtationary within the aether, the entire coheegs suddenly in
need of help.

Lorentz sought to reconcile Michelson and Morleyd results with the former issue pertaining tpraferred
reference frame for the aether, fromnacrophysical basis. Two important points need prior clarificaf
concerning Lorentz's viewpoint. First of all, Late did not try to identify the aether's rest framéh the
paradoxical concept of absolute space in GNT. Llewentz, an aether frame "at rest" meant simplyeaiom in
which no part is in relative motion with itself,ha medium against which the motion of the celebtigies can be
measured. Note that Lorentz specifies "motionthefheavenly bodie=lative to the aether, which is different from
sayingabsolute motion of the heavenly bodies relative to some absoletdéec. The statements only coincide when
one makes the prior assumption that absolute spdsts, and that the aether's frame coincides aligolute space.
Secondly, Lorentz was able to write Maxwell's etpres for individual electrons such that at eacptieir fields
induce on matter in @nicroscopic arena a "Lorentz force" per unit volume. This force whsn related to the charge
densities and the relative velocities of the plesic However, since electrons don't interact mstaeously with one
another (no action at a distance), and the aetbedf was postulated as not subject to ponderalotz=§, the Lorentz
theory apparently violated Newton's third law ofiaband opposite reactions. Lorentz respondehliscctiticism by
showing that themacroscopic Maxwell equations could be recovered using appatgrintegrals, and additionally
that his microscopic Lorentz force was derivabke wariational principles. Hence he concluded Naton's third
law is a macroscopically derived phenomenon, agistatistically from microscopic interactions nabgect to such
a principle. This is much the same view as is hadidy in quantum mechanics, whereby individuatiplas have no
definite position and momentum, yet macroscopieotsj made up of millions of such particles do.

These macroscopic and microscopic consideratiedsLorentz to consider possible variants of Gatilea
transformations, regarding each individual inerteference frame of each electron. After someetiinig, Lorentz
concluded that the earth's relative motion withpees to the aether would not be detectable to-dirder
approximations, providing that a certain set ofisfarmations of time and length related to the sejo&the velocity
were invoked. This set of manipulations carriesiamelorentz transformations. It is from these transformations
which the term gammg, arises, denoting the degree by which time slawgslangth contracts with velocity. This
term is discussed in detail in the chapters dealiitly the subjects of time dilation and length cantion.

These transformations were at first to Lorentzpgynmathematical devices, intended to show to st-brder
approximation how relative motion between the Eantld the aether frame could not be discerned. idmpaper
Inquiry into Electrical and Optical Phenomena in Moving Bodies in 1895, he generalized them in his so-called
Theorem of Corresponding States. This theoremdnited the concept of local time, which varied wlith velocity
from proper time. The concept of local time ddsedi in the theorem was not given a physical intdgion by
Lorentz, who saw it to be merely "an auxiliary netiatical quantity.” Note also that in our priosdeptions of
GNT, whereas absolute space is a contradictorpmgithertial time, implying an absolute time scasenot. On the
other hand, at a loss to explain Michelson and BidsInull results on their interferometer readiragg] borrowing a
notion suggested already by Fitzgerald in 1889,ehter chose to give a physical interpretation to \thkcity
dependence of length. The effect was subsequédesigribed as "Lorentz-Fitzgerald length contractioborentz-
Fitzgerald contraction predicted that the lengtla @bd oriented perpendicular to the directionhaf Earth's motion
is contracted by thg factor when suddenly rotated ninety degrees so &gcome aligned parallel to this motion.
From a microphysical standpoint, Lorentz showed thibe somewhat of a plausible, if in-testablgjomo In his
Inquiry paper he was able to show that for a frame mothingugh the aether, the velocity-squared relatiowld/
skew the appropriate intermolecular forces. Whamparing this frame to one moving perpendiculath®aether,
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integrating the effects of this force over spaceuldgproduce the macroscopically predicted Loreritzgerald
contraction in length.

Lorentz admitted that such effects would probatdy be exactly confirmed, since the theory assuthes
molecules are at rest in their respective ineftmines of reference, whereas in actuality theyllaseiabout their
positions of equilibrium. Thus at any point in émsome molecules would have a greater velocitylewdthers
might be moving perpendicular to or even oppositedirection of the macroscopic body. The lengthtiaction on
each of these molecules would thus be differenevextheless, Lorentz was able to show that suctedsng”
effects due to these random motions were of sudfligille size as to be incorporated into the linvfsnormal
experimental error. In 1899 Lorentz published eosd paper, th&mplified Theory of Electrical and Optical
Phenomena in Moving Systems, in which he extended his theory of corresponditages to effects of second order in
terms of velocity with respect to the aether. gsinsomewhat complicated approach, he introducedryather
series of transformations. At this time, howevss, fully incorporated his previous notion of théeimolecular
skewing of force (Lorentz-Fitzgerald contractiopjguing that "as soon as translation is given ®dystem, the
transformation really does take place, of itseH, by the action of the forces acting betweenpéeicles of the
system, and of the aether." Despite this treatroElgngth contraction, no systematic treatmergiven to the role
of local time and its relationship to any physitiale-keeping devices, or perhaps time itself. HevelLorentz
states: "It is clear that the Theorem of Correspandtates cannot be experimentally significanesslthe local
time bears a definite relation to the physical tikeeping processes observed in the laboratory.'is Hgain
necessary to stress that much of the developmehistheory lies in the frame invariance of thes@itved velocity
of propagation of electromagnetic radiation, arel dssumption that this observed characteristicessmts the true
nature of that propagation itself. This correlatibetween observed phenomena and the actual nafure
electromagnetic radiation was assumed true evenrd&instein framed his second postulate concethimgame.

The theory of Lorentz may on the outset appearpticated and obscure. Even so, Einstein drew heavi
this work when he formulated his special theoryeadétivity. Despite the alienating notions of l&mgontraction
and observer dependent local times, Lorentz'stérgie to explain the phenomenological facts oftedetagnetism
from a microphysical standpoint led to more basipegimental research into the structure of the atdrarentz's
electrons were confirmed experimentally in the vgook Rutheford, Millikan, J.J. Thompson and othéading to
the early development of atomic theory. In shantcertain ways, Lorentz's contributions may haesrb as
significant as Maxwell's in terms of their eventirdluence in the later development of physics,reaside from the
considerations of relativity theory.

Albert Einstein

Lorentz introduced his transformations in orderattow overall Galilean transformations from thderence
frame of the aether to any other inertial referefnaee. In a paper published in September 190&nimalen der
Physik, Albert Einstein suggested a new interpretatiorthef work of Lorentz regarding the significance hi$
transformations, which essentially bypassed th@esakther hypothesis altogether. Einstein's papdimed and
established the foundations of his theory of speelativity.

The impetus for his intuitive leaps and groundkieg speculation actually lay in a previous papeiblished in
1902. In this paper, Einstein expanded Planckmfitpal" interpretation of electromagnetic radiataord implied
even more fundamentally that classical mechanics @xcept in extreme cases, only an approximatiadhe actual
dynamical behavior of bodies. This paper formeel tonceptual foundations of the later "quantum'btiheof
microscopic matter, one from which ironically Eist always kept himself at arm's length. The EimsBohr
debates are perhaps the most significantly phileisap debates regarding the interpretation of masince the
Newton-Liebnitz debates. Basically, Einstein dif@ with Bohr on the interpretation of quantum tlyeoBohr
believed that aspects such as Heisenberg's untgri@inciple reveal fundamental limits to our urstanding of
nature, whereas Einstein believed that a compkbiaretical structure should possess the determiad precision
of the prior physical theories of classical mecharand electromagnetic theory. To suggest anytleisg was for
Einstein nothing less than to undermine the vergrthef the physicist's enterprise. In a similansge Einstein
speculated that classical electromagnetic theory med exactly valid either. Yet he could not déimg enormous
predictive success of Maxwell's equations, bothrfacroscopic and for microscopic matter. Rathan ttaking
Maxwell's electromagnetic theory at face value Way Lorentz did, and further speculate on aetheleouar
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interactions, Einstein instead sought some kindaofiniversal principle enabling Maxwell's equatidios be
operationally correct, without having to acceptiagp and literally their implications regardingemature of matter.

Einstein was able to formulate such a universiaciple by postulating two claims, the relativityinriple and
the light principle, sometimes referred to as & find second postulates of special relativRpincare described
the relativity principle as stating that the lawsnature and the results of all experiments peréanin a given
inertial reference frame are independent of thestedional motion of the system. In other word&ré exists an
infinite set of inertial reference frames movindptive to one another in which all physical phenameccur in an
identical way. Note how Poincare's relativity pijple coincides with Galilean-Newtonian theorypife neglects the
additional postulate Newton made regarding thetemce of absolute space. Actually, Einstein'stikéta principle
was more specifically worded and was subsequentlyermestrictive than was Poincare's. Einstein ieitiyl
mentions that the inertial reference frames arenected by the Lorentz transformations. Howevenst&in's
relativity principleanticipates his second postulate--the constancy of the spkkght Thus, relaxing the constancy
of this quantity enables one to remove the comdtrafi Lorentz transformations and recover the atatslity of
Galilean transformations. Perhaps more fundamignf@bincare's statement is more correct in itsegglity, for
there is no a priori reason to postulate that thestial reference frames are connected by any apset of
transformations such as Lorentz's unless onedags something about the nature of light. In te&pect, neither
Einstein's first nor his second principle are gahenough to be given the status of fundamentalufaies. The
second depends on observational results, andrgtadiworded in such a way as to anticipate tlese and limit
the possible classes of transformations thus @iaila

The second postulate states that the speed ofisighdependent of the motion of its source. TikiRoincare's
paraphrase of Einstein's light principle that ftatet the speed of light is constant in vacuo iaddpendent of the
motion of its source. Note also that the modifigght principle of RCM theory differs little fromhe second
postulate, save for specifying that tbieserved speed of light is independent of the motion ofsitgirce, and the
corresponding implication of a spread of velocitiédight propagation. Einstein's proposal of #eegond postulate,
implying the constancy of the speed of light infedimes, was originally suggested by him to indidaat these two
postulates "are all that are needed" to developllatfeory of electrodynamics for bodies at resthgistent with
Maxwell's equations. Hence the concept of theeaatbuld be dropped. His conviction of the lighinpiple only
solidified when he tried to develop the equatiohsnotion of a ballistic model for the emission ajht, but was
unable to come up with any solution representingagie with a velocity depending on the motion of sueirce.
Einstein's light principle was in actuality an exirdinary gamble for him, since at the same timev&ae rejecting the
enormously successful Maxwellian wave-aether thebfight.

On the notion of the significance of time, in E@&ia's special theory there is no correlate of hitsdime as
there is in GNT, due to the results of the Loraménsformations which are themselves derived ouhefsecond
postulate. Contrary to Lorentz, for Einstein tloenbination of the first and second postulates fbrite issue of a
physical interpretation for both length and timenttaction. However, debate still lingers concegnitihe
interpretation of time in the special theory ofatelity. Basically, there are some writers who mtain that since
every inertial reference frame is endowed with @aldime scale, based purely on the relative motishares with
other inertial frames, it becomes meaningless tttjpa events into simultaneity classes. Hendle ¢d an absolute
time-scale is a matter of pure convention. Otlespret this notion of a local time scale asratidation that there
actually are infinitely many partitions of simuliity classes, one for each reference frame. Hnst®wever,
believed that the primary result of special reifitiwas that there is no simultaneity for distanémts. This point
will be discussed exhaustively in subsequent chapte

Einstein's theory of special relativity revisedasp-time considerations that were formerly fundaalem
physics and in mathematics. In mathematics, spesgivity spurred the development of new teclueis| in space-
time geometry in the work of Minkowski. Minkowstteveloped the algebra for a four-dimensional spawcéer the
assumption that a quantity related to the sum efstjuares of three spatial dimensions plus tinmeviriant for all
inertial frames of reference. Similar relationsrevelerived for velocity, momentum, energy and ottpeantities.
The relations for kinetic energy and total ener§y system were derived explicitly working in Minkski space-
time and applying the usual principles of conseéovabf momentum and energy during collisions atitéible to
Newton. These two relations differed from the sieally expected results by implying that thera isidual energy
of all particles, preventing their energy from eveaching zero. The oft-mentioned relativistiatienship for total
energy links this residual term with the inherenemy of the particle system. This relation alsmtains the
assumed relativistic mass increase due to veldititysupposedly increases to infinity when a plari accelerated
to a speed of. This total energy expression, which serves basic assumption in all nuclear reactions, also led
Einstein to speculate that the inertial mass odrtigle represents somehow a form of "compressedgghwhen he
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formulated his theory of gravitation in the gendhaory of relativity. This equivalence of massl @mergy is also
put forth by RCM theory, but for different reasomas, we will see in chapter eight. Einstein's tiienir general
relativity, is notoriously technical, requiring aathematical grounding in tensor analysis and difigal geometry,
should one wish to follow its every implication. ehte, we will give only a qualitative summary irte basic
conceptual inquiries that led him to develop thesotly.

The foundations of Einstein's theory of gravitatiay in the work of Lorentz and Poincare. Theeasial
concerns of the latter dealt with the unsettlingioro of instantaneous action at a distance, implitiNewton's
theory of gravitation. Due to their prior work éhectrodynamics, the common knowledge of the fingkcity for
the seemingly instantaneous propagation of elecgmetic action led to speculation whetkealso represented a
limiting value in the case of gravitational propga. Einstein, however, appreciating the sucagsblewton,
sought to develop a general field theory of grdidtg whose ideal limit would result in Newtoniaiel@l theory.
Based on the work of Poisson, one can rewrite Negtlaw of gravitation in field form, in the sameammer as
Maxwell's field equations were developed from Caouds and Ampere's force laws. Inevitably, based on
suggestions made by Planck, Einstein had to an&lgrgon's separate ideas of inertial mass andtgtanal mass.
Based on what was known concerning mass loss inaetive decay, and on the experimental fact timest must
“weigh” something in order to find its mass, Einsteoncluded that the inertial and gravitationalsmaf a system
were exactly proportional at all times. This beeafre impetus for his principle of equivalence.

The central thought experiments performed by Einsteading him to develop the principle of eqlévee,
concerned uniformly accelerating reference fransesh as the kind experienced by a hypothetical-fakiag
elevator in a uniform gravitational field. Rec#ihat our previous discussions on Newtonian andiapeslativity
centered on the behavior of physical laws in iaérgference frames--reference frames differingnflane another
by a constant velocity only. Quite succinctly grenciple of equivalence says that the relativitinpiple, or the first
postulate, can be extended to uniformly accelerétaches as well. The previously derived propoidyg of
inertial mass with respect to gravitational mass egtended to the equivalence principle. Thisgpie concludes
that an experiment performed with ponderable maséesild yield identical results for a frame accated
uniformly and for a frame at rest in a uniform dtational field with an identical constant of acaeltion.
Sometimes this notion is subdivided into a "weaht] dstrong" relativity principle. The weak printgpholds that
the inertial mass and gravitational mass are ptapw@l, and the strong principle asserts the afergmoned
equivalence in experimental results for uniformbcelerating frames and for rest frames subjecinteguivalent
uniform gravitational field. However, it was theag principle that provided the basis for Eingimost daring
speculations in his theory of general relativiks mentioned by Roberto Torretti Relativity and Geometry, "No
analog of the Michelson-Morley experiment was atchéo support the extension of the equivalencecipia to
radiation, but...Einstein was content to point thatt there was no evidence against it."

In a certain sense it is misleading to think o #quivalence principle as having “generalized” riblativity
principle, for really the equivalence principle da®t eliminate the physical difference betweemtiaeframes and
uniformly accelerated frames, or frames in a consgavitational field. In fact, the equivalencengiple entails
that a freely falling frame by definition cannot mertial. To this extent, the equivalence priteigreakened the
applicability of the laws of special relativity tocal regions in the universe, where gravitatiofields can be
assumed as uniform. More precisely, in a space-tggion around an event where the gravitatioed fis uniform,
no effect of the gravity can be discerned withigigen margin of precision. Hence the laws of natur such a
region will be invariant to those laws in an eqléwve frame for a space-time region where gravitghisent. RCM
theory exploits this notion in determining the gtational potential experienced by a moving obseiwechapter
seven, and uses this analysis to predict the chaweyetime in the perihelion of mercury's orbit ahd deflection of
starlight by the sun. In the above sense, gemelativity drastically reduces the range of apgiitity of physical
law, regarding equivalence only in termsroéasurable experimental results. This does not, on the other hand,
necessarily imply that there are regions in thevense where natural laws do not hold, but that urgdmeral
relativity, the laws, rather than encompassingehtre universe, encompass only local fragments af a time.
Thus we see that the second postulate, which fotisedadoption of Lorentz transformations betwederemce
frames, has now gone on to limit the applicabitifythose transformations to very small regions aisideration.
Under general relativity we cannot uniformly apfite laws of physics with the same results acrdsserce frames
separated by vast reaches of space. In the loeasavhere we can, we are unable to agree onrthétaneity of
events, the length of a ruler or the passage dd.tiffihings appear to be getting more confusing wébh new
aspect.

To Einstein's credit, his general theory of reififi functioned as a grand theoretical frameworkninich to
place, like a mosaic, all the local regions of amif gravitation, where in a local and approximaasg, special
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relativity could apply. In other words, generdhtwity gives one the picture of space-time whiemn be thought of
as a full collection of Minkowskian regions whergesial relativity applies to an approximate degoé@recision,

much the way a surface is approximated by a fle¢dagpolyhedron. In this sense, gravity warps subtinkowskian

mosaic the way the curvature of a surface wouldpwiae polyhedron, when mapped upon it. Thoughrttesaphor
may sound strange and outlandish, it has its algirspiration in the work of the mathematicianf&nn. Riemann
had argued already in 1853 that the laws of gegneamnnot be derived a priori from spatial consitlers alone,

hence geometry itself must be an applied sciencgpafial relations derived from the nature of thierascopic

forces holding rigid rods together.

In summary, we will borrow a thought experimerdnfr Einstein to illustrate how special and geneshdtivity
neatly fit together according to their respectivestplates, the latter derived out of the formerhe Tcentral
illustration of the thought experiment is, not gisimgly, light. We will also use Einstein's illuation as a means to
show how his postulates, namely the second postuiay be interpreted in a different manner, aoige in RCM
theory, leading of course to vastly different thetmal structures.

Einstein's thought experiment focuses on the hHeha¥ light in a uniform gravitational field. Argng from the
equivalence principle, he shows that the radiatioa body must be affected in such a field, if wedght of the body
emitting the radiation is truly proportional to itertial mass. From special relativity it was whathat the inertial
mass of a body decreases or increases accordihg total factoE = mc?, based on an equivalent amount of energy
radiated or absorbed. Imagine two points in spafth, one point at a position higher than the ofinea uniform
gravitational field. Let the mass emitting the isdidn be stationed at the lower point, with thdiaion moving
from the lower to the higher point. As mentionéde, this radiation must be affected by the unifgravitational
field in a manner equivalent to the inertial masst by the emitter. If this were not so, energgsasvation would
become violated. The reason for this is that #thation would be lifted "at no cost" between the points, and,
by returning this energy from the higher to thedowwoint, an additional amount of energy would étemed, stored
in the form of a falling body. Thus, the total emeof this cycle would be greater than the emitiadiation by a
factor proportional to the distance between the psmnts. Hence, to satisfy energy conservations, ahsorbed
energy at the high point must be less than theggnemitted below. As shown in chapter seven, dug¢he
contributions of Max Planck, the lost energy shaysin the form of a lower frequency being absorbethe high
point than was emitted from the mass.

Einstein concluded from this analysis that grdiiteal fields affect the local time of observeragdd in that
field, since an observer at the higher point resadoeriodic process, in this case the frequendhefradiation,
differently than an observer at the low point. other words, the number of "ticks" registered by abserver per
unit interval of "proper" time being less than tad4icks" recorded by the other observer imply ttie lower
observer's time unit itself is longer than the othe Hence, clocks must slow down as the graeitali potential
increases, and gravitation is thus linked withltdtal time of an observer. At the same time, #wosd postulate in
special relativity says that the speed of lightaastant in an ideally gravity-free environmentut Bhe speed of light
is measured by the local time of an observer invibimity of the light itself. If the observer'sdal time is effected,
then so is the speed of light, and the second ladstdoes not strictly hold in the presence ofavigational field. In
other words, special relativity applies only to th#opian" case in which no gravitational fielde gresent. It was
this type of thought experiment that provided thativation for Einstein's theories of gravitatiorhieh later became
known as the general theory of relativity. Thigeliof reasoning allowed Einstein to account fordb#ection of
light in a gravitational field, as well as its slog, or a change in the value @fin the same field.

It is perhaps also fitting here to highlight thiéetent approaches regarding this same thougheréxent as
handled by general relativity and RCM theory. Afseme reflection, one realizes that the conclissimade by
Einstein in his thought experiment concerning ti®tpn in a uniform gravitational field are derivédm the
assumptions made by special relativity. This ispite the fact that Einstein shows in this thougkgeriment that
special relativity is correct only in an ideal sensThe first and second postulates give rise e¢athieory of special
relativity, which, among other things concluded tirae is "local" in each inertial reference fraraed that this time
in general differs from what one might call univargroper” time. These conclusions concerningniueire of time
and theideally constant speed of light forced Einstein to conelird his thought experiment that the gravitational
field induces different local times for clocks afferent locations within the field. As subsequeettions show,
RCM also agrees with Einstein that the inertial snafsa body is equivalent to its radiated energy, that a photon
is affected by a uniform gravitational field. Howes, the RCM model of light gives implicitly a mdigid
interpretation of the second postulate, one thahush less restrictive, as already shown in chapter. Light
radiated under this modified postulate will alsedanergy as it climbs through a gravitationabfieAdditionally,
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though time-dilation is dealt with explicitly in RCtheory, this measured effect is due to issueserembling those
predicted by either special relativity nor geneedativity.

In short, it is important to realize that althoufhee postulates are used to develop the theofiedativity--the
relativity, light and equivalence principles--it sy far the second postulate, the light principleat is most
significant, and that renders coherent the spexmial general theories. As has already been shdwnl drentz
transformations of special relativity arise pureiyt of the second postulate. By the same tokdaxing the second
postulate unravels the certainty of the conclusiposed by general and special relativity. Wherusatwg on a
theory, it is best to start by focusing on its @ It is clear that the special and general theoarean
interpretation of the results of physical and thaugxperiments of the late nineteenth and earlytieth centuries.
However, they are not ttely interpretation. It is Einstein's ad-hoc restdntiimiting electromagnetic propagation
to the observed speed of light in his second pat&tuhnd the subsequent limiting of reference fraaresformations
to those of the type of Lorentz's that requiresabmmplex restructuring of space and time in thecigp@nd general
theories. RCM theory returns to the basic axiofmthe relativity principle, the modified or relaxdight principle
and the equivalence principle, and is built froma ground up in the same manner as Einstein's #soklowever,
RCM theory maintains what feels right and intuitsdeout Galilean-Newtonian physics rather than aweing all
common sense notions of space, time and simultaneit

© Curt Renshaw997 Chapter 2 — Historical Perspectives crenshaw@teleinc.com



