A Model of Light

Having spoken of the rays of the sun, which arddbas of all the heat and light that we enjoy, yall
undoubtedly ask, ‘What are these rays?’ Thiséyond question, one of the most important inquirigshysics.

Leonard Euler

At the turn of the twentieth century, a revolutioccurred. Thousands of years of slow and steaolyress in
understanding the nature of physical laws had ladynphysicists to conclude that their work in thedretical realm
was nearly finished. Albert Michelson declaredra University of Chicago in 1894 that “It seemsimble that
most of the grand underlying principles [of phykiecave been firmly established and that furtheraades are to be
sought chiefly in the rigorous application of the@sciples.” Yet it was Michelson himself who hpthnted one of
the seeds of the revolution six years earlier ineaperiment he performed with Edward Morley. Alinos
simultaneously new discoveries were made concethimgrature of atomic structure, electricity, mdggme, and the
energy and velocity of light. Attempts to correlahese discoveries led to the special and getieeakies of
relativity and laid the foundation for quantum theo

Relativity theory proved very difficult for mosepple to understand. It was thought in the eaalysdbf the
theory that there were perhaps only a handful di/ziduals alive who could comprehend it fully. Mew York Times
headline in November 1919 proclaimed, “A book f@ Wise men” in an article on relativity. As diffitt as the
special and general theories were, they quicklpeghidominance as a description of the way the wavis. The
success in predicting the deflection of starlighttbe sun as well as an anomalous advance in ttibepen of
Mercury’s orbit, were initial triumphs of the thgorIn fact, it was the experimental verificatiohtbe deflection of
starlight by the sun during a solar eclipse in 18188 made Einstein an instant celebrity to theegainpublic. The
graphic demonstration of the famous equafios m& over Hiroshima and Nagasaki made the implicatioithe
theory dramatically accessible to the lay persbhe explosions in Japan not only closed the SewWdodd War but
also seared the concept of relativity as a funda@mhexiom in the minds of a generation of scientist the fifty
years to follow.

Despite the almost universal acceptance of theiapand general theories of relativity, there iprablem—
Einstein was wrong. Beginning in the 1920’s, tiedf of Quantum Mechanics began to dominate plstsici
attempts to understand the basic workings and eatiuthe physical world of which we are a part. g was very
uncomfortable with the precepts of this new thestgting at one point that “God does not play diceferring to
the probabilistic nature of the rules governing phgsics of the quantum. He collaborated with RPeldoand Rosen
on a thought experiment that demonstrated the doiodiss (or incompleteness) of the theory. Thie@xgnt is
referred to as the EPR paradox. Einstein's commu$rom this hypothetical situation was that theedry of
guantum mechanics, though not necessarily completging, is at best incomplete.

Recent advances in experimental tools have alldests of the EPR paradox to be performed, mosihoby
Alain Aspect at CERN in 1982. The results of thipeximent are quite striking. Either the notiorwdfat we call
reality is false, and the ideas of physical objes&xjuenced events, history, dogs and planets eaaingless; or
special relativity is incorrect. Specifically, thaortion of special relativity that deals with thelocity of light being
an absolute limit to the speed of objects or infation transfer must be false. In short, the maddight proposed
by Maxwell, Lorentz and Einstein, though not neae§scompletely wrong, is at best incomplete.

Einstein developed the special and general theooferelativity to reconcile the amazing mathemnsdtic
derivations of Maxwell's electromagnetic theory lwithe experimentally observed properties of lighd gravity.
The Michelson and Morley interferometer experimeésnonstrated that light has an apparent conselntity
independent of any particular frame of referente@rentz and Einstein took this omdservablecharacteristic of
light, and, treating it as ambsolutecharacteristic developed a theory by which cldoksotion slow down, lengths
contract in the direction of motion, and velocit@Eobjects do not add in a common sense way. Qanmpihis hew
model with Newton’'s laws of conservation of eneanyd momentum then required also that mass incresiies
velocity. This set an upper limit on attainabléoedties atc, the “speed of light,” since reaching this speexliia
require infinite energy. Generalization of the cdpktheory of relativity to the case of free-fall a gravitational
field resulted in the theory that gravity curvesa@p and time. The end result of all these adjudsrisma universe
that is not only counterintuitive, but is practigahconceivable to the layperson.

The weakness in the foundation of Einstein'sthes lies in the assumption that the observed easured
invariant velocity of light represents an actuahdndor of the light itself. This observed charaistic forms the
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basis for Einstein’s second postulate: “The veéjoof light is constant from all inertial frames #ference and is
independent of the motion of the source.” We bégimodifying the second postulate to more pregistdte: “The
observedvelocity of light is constant from all inertialdmes of reference and is independent of the matighe
source.” In order to understand the distinctior, must develop a model that obeys the modifiedrgkpostulate
(with the wordobservedl but violates the original. Our initial approasho consider the case of an idealized rubber
band.

At Rest In All Frames Of Reference

If you place a cup on a table, the cup will remiiare, at rest, until some outside force, saytamaves it.
Even if the table moves, the cup may remain atiregs place on the table. The cup will appeatishary to you
whether you are seated at the table, or runningthagable in any direction. The reason is that gre using the
room you are in as a point of reference for you famdhe cup and table. When you move, you arer@wé your
motion with respect to the room, and your mind salt@s into account in determining that the cupa$ moving.
Such accommodating reference frames cannot alwaysund. We have all had the experience of pulinig a
parking space and coming to a complete stop, anlslam on our brakes as the movement of the cartoexs
caused us to think we were rolling forward. Irnstbase our mind used the adjacent car as a staticgfarence
frame and judged our motion relative to it. Whke stationary reference moved, which it was nopespd to do,
we reacted.

Imagine sitting in a train, looking out a windowamother train adjacent to you on a parallel tra8uddenly
your train begins pulling away. If the motion m@oth enough, it is impossible for you to tell wiwtit is the other
train moving or your own. All you know is that your reference frame, the other train is movindne Bpeed you
assign to the other train depends on the relatdlecity between you and that train. Imagine anogf@ssenger on a
third train on the other side of the one adjacernydu. That person will assign a different velpdid the middle
train if its own velocity does not match yours. thiio external reference frame we can only judgéanaelative to
ourselves. If the velocity of the third train istrequal to yours, it is practically impossiblecept in error, for that
passenger in the third train reference frame taggagbe same velocity to the middle train as yosig@sin yours.
This said, we now propose an experiment in whiéh sissignments possible. The experiment involves several
passengers traveling at different speeds who ailheassign a velocity of zero to an object outiéé windows.

Suppose we take a piece of clear elastic, veiljergsand pliable, and one foot in length. Wetéasone end of
this elastic to a pole, and stretch the other end tistance of one thousand miles. While it istshed to this
length, we place a faint white line every foot froine pole to the thousand-mile point. The elattean looks like
that in figure 1-1. Once we have completed markhegelastic, we allow it to return to its origir@aie-foot length,
still anchored at poir® on the pole.
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Figure 1-1 Each automobile will remain adjacenttspecific, mark on a piece of elastic stretchifangside them
as long as they maintain a constant velocity

An important point about the way that an elastatenial stretches is that any two points on thstelalways
maintain the same relative separation. For exaniiplee place marks dividing the elastic into thlsrdhen as it is
stretched these marks will continue to delineateetlfequal sections, as in figure 1-2. An implmatdf this is that
each point on the elastic has a unique, uncharsgirgd as the elastic is being stretched. Thus {fwll the end of
the elastic at three feet per second, the othekedasections will be traveling at one foot per setand two feet per
second, respectively. These ratios of velocity apdtial separation hold for any combination ofnp®ion the
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elastic. In addition, for whatever speed the ehdhe elastic is moving forward, a unique point da found
somewhere on the elastic that is traveling at ged we choose between zero and the speed ofrithat & the
example of figure 1-2, suppose one end is anchotgld the free end is moving at three feet per sdcdf we wish
to find a point traveling at two feet per secotdittpoint will always be located at two-thirds loétdistance from the
anchored end to the moving end.
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Figure 1-2 As a piece of elastic is stretched palints maintain their same velocities and relateparations.

Referring again to figure 1-1, suppose we takddhse end of the marked elastic and begin pultifgyward at
a velocity of one thousand miles per hour. Atshene instant, two automobiles driven by Alice amt BPass the
starting pole, traveling in the same directiontaes dtretching elastic. Alice, in the first aute tiaveling at twenty
miles per hour, while Bob, in the second, is trangeht fifty miles per hour. Further, each autoiteks carrying a
camera and pointing it directly at the elastictstrng alongside. We assume a very low light leseth that a long
time exposure is required to obtain any detail phatograph taken by either camera. Any objectexpbsing the
same surface of the photographic plate for at eastty minutes will not appear in the photograftinus any object
that is in motion at even a very slow speed wouwlth sufficient light, appear only as a faint blan the
photographic plate. But, with the low light leweé a using, any image moving with respect to thraeza will not
expose the plate long enough to be detected, dhdatiappear on the photographic plate at allcHeautomobile
begins a time lapsed photo thirty minutes aftersipasthe starting pole, and allows the exposurectatinue for
thirty minutes.

After the experiment is complete and the photesdaveloped, Alice and Bob each have a photo adntpone
distinct white line and nothing else. The reasmmtffis is as follows: Given an elastic with onel estationary and
one end moving forward at one-thousand miles per,hw unique point can be found on the elastic whedocity
corresponds to any given value between zero andhmusand miles per hour. Further, an automobdteeting at
twenty miles per hour and passing the pole at #mesinstant the elastic commences being stretcliedemain
adjacent to the very point on the elastic thatl$e @raveling at twenty miles per hour for the dima of the trip.
Since there is a white line on the elastic at phimt, this line will appear to be stationary wilspect to the camera
in the car, and will therefore appear as a distividte line on the photographic plate.

Since each of the marks on the elastic are segzhlat one foot when the elastic has attained iestbousand
mile length, their separation will be much lessntlme foot at the start of the test. Each autostan its camera
exactly half way through the test and thereforemtie elastic is stretched to five hundred milés.this time, the
separation of each of the marks is six inches. r@etime of the rest of the test, this separatibthe marks will
increase to one foot. The mark initially six inshie front of the line traveling at twenty milesrgeour will be
traveling slightly faster than the automobile. ©Owee duration of the test, this line will contitiyaincrease its
separation until it is one foot in front of the iy miles per hour mark. Having moved forward isighes with
respect to the twenty miles per hour mark, it wikrefore not expose any one point on the phottigggate long
enough to produce an image. Likewise, the lingailhy six inches behind the twenty miles per houark will be
traveling slightly slower than the automobile, amitl also fail to expose any one point on the plaeg enough to
make an image. The same is true for all otheslinefront of or behind the twenty miles per houarkn Thus
Alice’s photographic plate will have only one whitee corresponding to the twenty mile per hour knand no
other images. This reasoning also holds for Balb®mobile traveling at fifty miles per hour, anshsidering the
fifty miles per hour mark.
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When the experiment is over, Alice will concludattthe event she photographed was the release afjact
with a faint white line at rest from her frame eference (traveling at twenty miles per hour). Bolbconclude the
event was the release of an object with a faintevime at rest from his frame of reference (trangeht a velocity of
fifty miles per hour). If the experiment is repeditwith many automobiles, all traveling at differeelocities, the
drivers will, after a time, conclude that the evesas the release of an object with a faint white lexhibiting the
unique property of appearing to be at rest fronfrathes of reference. In reality, the event wasréiease of, for all
intents and purposes, an infinite stream of fainiteviines, traveling at all velocities from zemdne-thousand miles
per hour. The problem is that, due to the natfithe observer, only that aspect of the event reimgiat rest with
respect to the observer can be detected.

The important point to remember in the above darpant is that the obvious conclusions to be drawmfa set
of measurements are not necessarily an accurateites of the system itself. We may develop adeioof a
system based on a set of observations, and thielmeady work quite well at predicting future obsdiwas made of
a similar system under similar circumstances. Hmmethe model is not the system itself, and wheturé
observations produce results inconsistent withntbeel we have developed, it is the model which rbestodified
or abandoned in favor of reality, not the other \@ayund.

A Constant Velocity for All Frames of Reference

Suppose now we repeat the above experiment wtlfotlowing changes. The light requires only oeeand to
expose the plate. Each automobile is a trairy, fifet in length. The camera is propelled fromlhek of the train
towards the front at a velocity of ten miles peuhg@Alice and Bob’s trains are still assumed tottaveling at
velocities of twenty and fifty miles per hour, resfively). The plate is exposed for the first setof the camera’s
trip down the length of the train. Once again,retleng the camera sees that is not stationary megipect to itself
will be a blur on the photographic plate, too fambe observed. This time, since the camera igngat ten miles
per hour with respect to the train, we have creatdévice that will record only objects that areving at ten miles
per hour with respect to the train. Thus, forantmoving at fifty miles per hour, an object mtrawvel at fifty miles
per hour plus ten miles per hour or sixty miles Ipeur in the same direction as the train in ordend recorded. In
this manner, each train rider knows that the agpanaill record only objects that are travelingext miles per hour
with respect to the velocity of the moving trai@learly, from the above arguments, Alice will card# the event
produced a glowing object traveling at ten miles peur as observed from her frame of referencevdtiag at
twenty miles per hour). Bob will conclude that #nent produced a glowing object traveling at télesrmper hour
with respect to his frame of reference (travelindifay miles per hour). If the experiment is regped with many
trains, the common conclusion will be that the ¢wess the release of an object exhibiting the umigroperty of an
invariant velocity of ten miles per hour for alafnes of reference.

Next imagine that we replace the camera in thevalexamples with a device that can only detectanadit the
speed of lightg, relative to itself. The fast moving end of tHastic will need to move forward at a speed nos les
thanc plus the velocity of any potential observer. Hug time being, let us agree with Einstein andesthat no
observer will be traveling faster than This being the case, the elastic must be pditieslard with a velocity of at
least two timeg in order for all possible experimenters to recthve white-line phenomena. When the experiment is
performed by many people, all traveling at difféarepeeds, they will undoubtedly come to a commarckmsion—
the event appears to be the release of an obpctrévels at the speed of light,from all frames of reference.

Imagine the experiencing and photographing oftieldsmnds as described in the first two experiménmtbe a
common occurrence. Then if the true nature ofdleestic and markings were not known, physicists ld/dae
pressed to devise a theory for an object that nesnai rest or is slowly moving when measured frdininartial
frames of reference. This problem would be aelittarder than the one Lorentz faced when develohiag
transformations, since in this case, for any obeseat a given velocity, other observers can bedauaveling both
faster and slower than the object being observedEinstein’s theory, nobody and no object was tbin be
traveling faster thag, and so the possibility of these objects couldamel was, omitted. Our last example with the
elastic band produced an event—the recording @igleswhite line on a photographic plate—that appéa travel
at the speed of light, from all reference frames. We have the advansiglit of knowing exactly the true nature of
the stretching elastic band, so we are not foatal thinking that the “obvious” conclusion to beadn from the
evidence on our photographs is the correct oneweder, if we had not known in advance the naturewf
experimental setup, what appears to us now asfattdred conclusion would seem very plausible iddee
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As the next chapter will show, it is importantdonsider the context of Lorentz’s work. Faced whté results
of the Michelson-Morley experiment and with theregudtible success of Maxwell's equations, Lorentz taéind a
way to reconcile the two. The Lorentz transforimasi allowed the preservation of the form of Maxisetiquations
in any inertial frame of reference (a frame trawglin a straight line with a constant velocity witspect to another
frame) while still supporting the results of thediélson-Morley experiment. This experiment hadwshthat the
“medium” of light propagation (the aether) was doagged along by the earth in its motion aboutdine. The
Lorentz transformations, developed as a meanscnode the unexpected results of the Michelsonidotests,
predict that lengths should contract and clocksukhslow down for a reference frame in motion. Jée
transformations imply an invariawt for all inertial frames of reference, because thweye developed under the
assumptiorof an invariant value foc. However, they do not forceto be invariant. In other words, the actual
motion of light is not controlled by the equatidnsrentz chose to model it, any more than a redt lggtysically
stops a car from crossing an intersection. Einsteed the Lorentz transformations to formulate d@sond
postulate—that is a constant independent of the motion of theaou The acceptability of this postulate was
improved because the required Lorentz length cotitra could apparently be interpreted to apply &
electromagnetic phenomenon. Since matter is el@etgnetic in nature (composed of electrons, dtwe)supposed
Lorentz contraction should apply to all matter. Wil later demonstrate that the Lorentz length tcaction is
merely a result of the particular transformatiohesen to preserve the form of Maxwell’'s equatidng, is not a
necessity for all allowable transformations of agne, nor does it represent an actual physicadtedfenotion.

The Radiation Continuum Model of Light

We shall find in what follows that the velocitylight in our theory plays the role, physically, af infinitely great
velocity.

Albert Einstein, 1905

In ancient or pre-scientific societies, light waensidered predominantly as spiritual in nature. the ninth
century, the Islamic philosopher al-Kindi proposttt “everything in this world produces rays in tsn
manner...Everything that has actual existenceamtbrld of the elements emits rays in every dimgtivhich fill the
whole world.” From early time to the current détye nature of light—spiritual, particle or ray—Hhasen debated,
with one idea prevailing for a time, only to fatl inother. In 1611, Galileo wrote that when a w&nz® was
reduced to its most indivisible constituents, ligltuld be created. Newton @ptiksreturned to al-Kindi's rays as
fundamental units of light in his first definitioBy Rays of Light | understand its least Parts.VeBR so, he went on
“Are not the rays of light very small bodies entittitom shining substance?” Newton had thus seigpeth the idea
of a dual particle-ray nature of light. Michaelr&day in 1846 returned to the ray theory, givinmire of a flavor
of waves on a pond “The view | am so bold as to fputh considers, therefore, radiation as a higeces of
vibration in the lines of force.” In 1864, aftenifying electric and magnetic theory and developiing equations
governing the waves of electromagnetic radiatioaxWell concluded that “light is an electromagnetisturbance
propagating through the field according to electignetic laws.” Arthur Compton demonstrated thghtli
“photons” can be made to bounce off electrons ensaame manner as billiard balls on a pool tablarredt theory
holds with Newton that light exhibits both wavediland particle-like behavior, depending to somergxbn the
methods chosen to observe it. In fact, under qumarheory, it is precisely the means chosen torebsight that
determines whether it is in that particular instaaovave or a particle.

At about the same time that Maxwell was deriving lkquations, the observable speed of light was
experimentally measured to be approximately 300 KiGineters per second (km/sec). Since this velosias
shown to be the same from all inertial frames &énence, Lorentz and Einstein proposed that thesd@ions of
space and time are dependent upon the relativeomdigtween the observer and the thing being obdeove
measured. With this theory we instantly run irite problem of developing a model and confusingtit the reality
of the thing being modeled. Lorentz and Einsteid boncluded from the available observations thatspeed of
light itself was exactly in all frames of reference, without adequatelysidaring the role of the observer in making
the measurements.

In quantum theory, the observer is all-importaitny book one reads on the subject raises the iasu®
whether anything exists on its own accord withdwt presence of a conscious observer to give itants. This
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hardly seems like a question for physicists. Aidodn we all came across the question “If a traes fin the forest
and no one hears or sees it, was it ever realle®ie However, in trying to understand some of pleeplexing

implications of quantum theory, one is often lefask questions such as this. As the chapter antgon theory will

demonstrate, this is not a shortcoming of the $hdaut is instead a result of continually tryingrézoncile quantum
mechanics with the theory of relativity. And afathit is mainly relativity’'s second postulate—thbsolute
constancy of the speed of light—that produceshalldilemmas.

The speed of light in a vacuum was determined Bking physical measurements (observations) on iigeélf,
and on the electric and magnetic properties of niad$ein the case of radio energy. The speedgtit livas not
predicted from any application of first principlemr has any analysis of the observed data yiedahgdexplanation
as to why the velocity should be stricttyinstead of any other value. The role of the oleseappears to be of
utmost importance in the determinationasfy physical quantity in the realm of quantum theoGlearly the only
means by which the velocity of light has been djetiis through the analysis of physical measurdmeyet the
velocity of light is stated as an absolute quantitgependent of any observer or any preferreddrafireference.

Based on the analysis of the previous sectionsameready to propose what we will call the radiati
continuum model (RCM) of light. In this model, ligdoes not radiate from its source at a constalucity of c.
Rather it emanates in the same manner as a pieslastic, anchored at the source, with one eneggddrward at a
constant velocityC, with the upper cas€ denoting a velocity that is potentially much gezahanc, and is very
probably infinite. This being the case, there Ww#éla component of the light that is travelingrat speed we pick in
the range from zero t8. As important a characteristic of this modelight, and of living and electro-mechanical
observers, is that only that component of light teatriking the observer at a relative velocitycan the observer’s
frame of reference will be detected. Becauseisf #s in the case of the “device” described eatiiat detects only
motion at ten miles per hour in its frame of refere, we are left with the conclusion that the obsgrvelocity of
light is invariant for all inertial frames of refaice. That is to say that regardless of our viioany light we
perceive will appear to be striking us at approxetya300,000 kilometers per second (km/sec).

As an example, choose an event such as an inséanis burst of light from a satellite at a fixeddton in
space. We choose a satellite so that we may sgadiktances and motion relative to the satellitd distances and
motion relative to the “event” as synonymous. Whbee tries to discuss motion relative to an insta@bus event,
the concepts of “motion”, “location”, and “event&tome blurred in a strict interpretation of therter If we choose
one observer, not in motion relative to the saglthat observer will detect that component oflibest of light that
is traveling at the velocitg with respect to the source. Another observer,ingpaway from the satellite at a
velocity of 0.2, will detect that component of the burst of lighat is traveling at a velocity afin that observer’'s
frame of reference. From the satellite’s frameedérence, this component of the light burst meavé at a velocity
of 1.2c. To illustrate this, imagine that you want toara football so it passes a receiver at ten npiggshour. If
the receiver is running away from you at six mipes hour, the ball must leave your hands travedingjixteen miles
per hour in your frame of reference. To reach lagoteceiver running at only three miles per hgar would need
to release the ball at only thirteen miles per hioyour frame of reference.

One of the more significant implications of thaliedion continuum model of light is that it alloves more
intuitive “Galilean” structure of space and tim8y Galilean, we mean that the laws of electromdgmeidiation
would conform to Galilean transformations, justNseswvton’s laws of motion do. Under such a transftion the
concepts of space and time are absolute. This mate®quire that there is some preferred restdragainst which
all motion is measured. It simply means that agesgs can be reached as to the simultaneous oncarof distant
events, and that transformations from one obsexymint of view to that of an observer with a diffiet velocity are
straightforward and consistent with our everydapesience. For example, consider two rockets tiagebward
each other, each at a velocity of @.4-ollowing the tenets of special relativity aime _orentz transformations, the
two rockets would be approaching each other anabated speed of only 0c7 Under a Galilean transformation the
rockets will approach each other at@).Rist as two cars speeding towards each othéftyanfiles per hour each
will collide at one-hundred miles per hour. Théeefis the same as if one car were parked andttier hit it head
on at one-hundred miles per hour. This is thesframation we use in our day to day experience. a¥éeconcerned
only with the relative velocity between objectspimysical measurements. The frame of referenckeobbserver is
irrelevant to the outcome of the experiment anthéodamage ultimately inflicted on each car.

Now, without specifying an upper limit on the spe# light C, we have developed a model of light as a rubber
band anchored at its source and moving forwardutfitrcspace at all speeds from zerdCto There is no obvious
reason to set a bound @nat any value short of infinity. In fact, we wi#how later on that the value Gfis most
likely infinite. One might argue that an upper itirof infinity on C would imply infinite energy. While this is
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strictly the case, it must be realized that onlyohserver moving away from the source with infinisdocity could
detect this component, and this is a very unlilsggnario. Additionally, the frequency of the ligittan infinite
velocity would be shifted all the way to zero doeDoppler effects, and a zero-frequency signal aiostzero, not
infinite, energy. It will be shown later that tivaportant consideration along each point on thhtligave is the
photon’s momentum, which remains constant for @lbeity components from zero @ From here on in this book,
the meaning ot shall be taken to be a speed of 300,000 km/semeasured with respect to a specific source or
observer, and should not be considered synonymihgshe phrase “the speed of light.” Instead, fighhenceforth
considered to travel at all speeds from zero toesamyet undetermined upper vaftiesuch thaC is much greater
thanc and is less than or equal to infinity.

The illustration utilized earlier of the elastiarid all bunched up at one point waiting to be eliedl out can not
be carried too far. One shouldn’t think of a ptmo#s being coiled up inside an electron waitinge¢bout. Rather,
the photon is created at a point in time, according well behaved set of rules. The creatiorhisf photon wave is
simply (and loosely) conversion of “mass” energtoifiphoton” energy. Typically a photon is createtiemn an
electron in an atom drops from a high energy statelower one. A photon is also created duringyrgrocesses of
particle decay. In either case, the entire phatame is created in an instant, in the same regpattthe entire
photon wave collapses in an instant, as descritbéloei section on quantum effects. It must be ntitatithe photon
thus produced shares many of the characteristitseophoton that was absorbed to send the eletirdn higher
energy state in the first place. This is whatvadidhe well-observed group characteristics of ligitraction with
matter, such as angle of incidence equals angleflettion.

Also a photon does not generally emit from a seunca straight line. It is often useful to thioka photon as
emitting in a spherical volume from its source. den special relativity, such an event produces >gramding
spherical shell, with the radius increasing at @espofc. Upon absorption of the photon by an observer ethtire
spherical shell collapses in an instant. Under R@M photon energy expands in a spherical voluvith,the outer
edge of that volume expanding@t As in special relativity, upon absorption by drserver, the entire spherical
volume collapses in an instant. Special relatieityisions a spherical shell in place of a volumta expense of
Galilean concepts of the dimensions of space anel tiRCM does not assume a unique velocity of ligtit respect
to the source, and thus retains Galilean concdsare and time.

The Invariance of the Speed of Light

The invariance of the speed of light was detetigdichelson and Morley (their experiment is dis®as in
detail later). What they discovered is that theeshof light appears to be the same whether theredrsis moving
toward the source, standing still, or moving awdsnagine trying to pass a truck that is moving ttyemiles per
hour faster than you. However, each time you spgedhe truck is still moving twenty miles per hdaster than
you. If you slow down, stop or go into reverse ttuck is still moving twenty miles per hour fastiean you. This
is fairly easy to explain, as the truck you arddf@lng can simply adjust its speed to match youBsit what if your
friend is in another car beside you and the triscklso moving twenty miles per hour faster than taa? Let us
assume that you slow down while your friend spagals Now the truck will not be moving twenty milpsr hour
faster than both of you. It may be moving twentyemper hour faster than you, but it will be mayiless than
twenty miles per hour faster than your friend isving. It may even be moving slower than your fderThe speed
of the truck is not invariant. It is dependenttba speed of the observer; in this case you or freemd, and you
each observe a different velocity. Such is notcdee with light. If the truck driver were to ftakis brake lights at
you and your friend, you would see the light pass gt a speed af Your friend would also see the light pass at a
speed ot. Any theory of light has to support this unusigature, as it was tested and confirmed by Michreksud
Morley in 1887. As the previous example with thgetlite showed, this is not a problem for RCM thygadhough it
posed all manner of problems for Maxwell and Lozentth the assumption of a constant velocity oftig This
experiment should not have posed any problem aésdlept that Maxwell and Lorentz were both firntidogers in
the concept of the aether. The aether was postlkd a substance filling all of space that seased carrier for
electromagnetic waves. Even though in the spdbdry of relativity Einstein ultimately abandontw aether
concept, he retained many of the corrections tot@magnetic theory imposed by Lorentz and otheieni effort to
save the aether theory. We will discuss this hisab path in detail later.
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Despite the fact that the speed of light appeavariant under both RCM and relativity theory, thés a
difference as to when and where observers in matibim respect to one another will actually see ligat. In
special relativity, two observers in motion wittspect to each other will each observe an oncomitgepf light at
the same placand at the same time. It is this conclusion that eaysroblems in the analysis of the simultaneity of
remote events, even though this simple concepnheasr been tested. This concept is a direct re$ulte second
postulate—that the speed of light is a constargpedident of the relative motion of the source amgkover. Figure
1-3 illustrates a ray of light exhibiting the RCNoperty one second after its release from an eipida space. The
purpose is to illustrate when and where each oérs¢wbservers will perceive the light under diietr conditions.
We have three witnesses to the event. Alice isosi@ry with respect to the explosion’s source.bB® moving
toward the source of the explosion with a velooitysc, while Carol is moving away from the source withedocity
of .5¢c. Consider first the case where all three obsersee the flash at the same time. We wish to m@terwhere
they must each be located for this to occur. Altbe stationary observer, is sensitive to that mament of light
leaving the source at a velocity @f One second after the explosion this light wélé traveled 300,000 km, and
this then must be her distance from the explosicset the flash at that time. Bob, moving towaeddource at &
will see only that component of light traveling anfeom the event at Gwith respect to its source. The \elocity
of this component added to Bob’'s.Belocity will cause that component to have a redavelocity ofc in Bob’s
reference frame. This component will travel 150,8&n in one second. Bob must therefore be thisfey from
the source one second after the explosion in dodeee the light at the same time it is seen bgeAliCarol, moving
away from the source atc5will see only that component of light traveling 5 with respect to the source
(moving toward her at a relative velocity @f After one second this light will be 450,000 krmm the location of
the blast, and this must also be Carol’s locaticth@time of interest.
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Figure 1-3 Observers in motion relative to eacheotWill in general either be in different locatiomgen they
observe a distant event, and/or they will see ditierent times.

Next consider the case where all three spectatgrshe explosion at the same location. We wakgdtd know
when each would see the flash. Let's assume we alighree to see the event at Alice’s locatio®),800 km from
the source. We have already determined that Aditlesee the light after one second. The lightttBab sees is
traveling at .. It will take two seconds for this light to rea8lice’s location. Therefore Bob would need to mak
sure that he goes flying past Alice exactly twoosels after the explosion in order to observe thlet lflash at that
point in space. The light that Carol sees is mpvinuch faster at 1¢5 It will take only two-thirds of a second for
this light to reach Alice, and Carol must plan ® fassing Alice two-thirds of a second after thpl@sion if she
wishes to observe the flash where Alice is sittifidnus each of the observers, Alice, Bob and Cagnl,observe the
same event, either at the same instant and aralifféocations, or at the same location but atirdifly different
times. This marks the first major conceptual bre@k the special theory of relativity. This aspatay be the most
testable difference, and it forms the basis ofxgreement proposed in chapter eleven.

Why Is the Observed Speed of Light c?
One question that comes to mind in the radiatimnmtinouum model of light is: Why is it that we peirae only

that component of light that is passing us at atirg velocity ofc? The “we” in the question applies to humans,
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cameras, radios and even objects that will refligttt (although objects that reflect light themsedvact as light
sources, reflecting the component that strikes taearelative velocity of at all speeds from zero ).

In order for light to be seen, it must interacygibally with the eye, which in turn converts tiigeraction into
electrical activity. Similarly, a radio wave, t@ lhletected, must interact physically with an argettnproduce an
electric current in it, which is in turn interprdtéy the radio electronics to produce an audibl;mdo A physical
object that is reflecting light must physically énact with the incoming signal in such a mannet Hwme of the
“photons” are repelled from the object, in the samenner as if the object were itself a source gtitli Arthur
Compton reported in 1923 of elastic collisions kedw “photons” of light and electrons, thus dematstg that
light does indeed interact on a physical level withtter to produce detection. In fact, photons rayeactually
reflected from a material. What occurs insteadhs one photon is absorbed by an electron, whids uhe
photon’s energy to make a transition to a new gnkxgel. That electron then releases the sameuatraf energy
in the form of a new photon, as it relaxes to adoenergy state.

Electromagnetic theory involves the mathematicasadiption and interdependence of the followingrfou
guantities or fields: the magnetic and electrix ftlensity, B and D respectively, and the magnetit electric field
intensity, H and E respectively. Electromagnetigary also defines the interaction of these figlith the physical
world. James Clerk Maxwell publishefllectricity and Magnetisnin 1873, in which he unified all known
electromagnetic interactions through what are noemkn as Maxwell's equations. Maxwell made preditsi about
electromagnetic wave motion, explained light imterof electromagnetic waves, and calculated thedspé light.
While all of this work is important, only a smak of it is the subject of this section.

When one takes the units of B, D, E and H in i@ rHE/BD, the resulting units are equivalent &ocity
squared. The H/B term is considered the magnétarge, while E/D is called the electric charge. il&/lthe
dimensional analysis of the above ratio yields lacity relationship to these quantities, this asayalone does not
specify avaluefor that velocity. Maxwell's equations in andtbémselves say nothing about the specific velafity
propagation of an electromagnetic wave, nor of deéectable velocity or range of velocities in argrtigular
observer’s frame of reference. Maxwell knew thisew he derived the equations, but the coinciddirtahg of
early measurements on radio waves and the detdrariraf the velocity of light encouraged the corsotun that the
velocity implied by the equations and the velositees measured were one in the same. In the physichl of
which we are a part, we can use physical devicdsna@asuring apparatus to determine numerical valfig¢ise
above four quantities in various physical settingghen the results of the values obtained from oremsents of the
physical interaction of electric charges with thxperimental devices are combined in the above r#tm result is
always the same—the velocity implied by the measergs is 300,000 km/sec, ar

This conclusion that the speed of all electromé&gr@opagation, including light, in free spacegiappeared
acceptable to everyone at the turn of the nineteeantury, but one nagging question remained. Hatvirame of
reference is the speed of ligt® A train moving at eighty miles per hour in refece to the ground is only moving
at sixty miles per hour in reference to anotheintcmming from behind at twenty miles per hour. this example,
the Earth is considered stationary for all prattzaposes, and is the preferred reference fravlaen determining
the muzzle velocity of a rifle, we are concernetiydhat a bullet leaves the rifle at one hundretesper hour with
respect to the rifle. The fact that a rifle movatgone hundred miles per hour can launch a pitgextttwo hundred
miles per hour with respect to the Earth is notdngnt, thus, in this example, the source of thagatile’s motion
is the preferred reference frame. What, then,ctbelthe preferred reference frame for this vejocitof light?

As mentioned above, early theorists suggesteatkgbaund “aether” in which sat and through whichve all
objects in the universe. This undetectable aetlasrpresumed to be the benchmark on which the syfdight was
based. Thus, to a moving observer, the perceieatity of light would be greater than or less tkadepending on
the observer’s velocity with respect to the aethsrwith the slower moving train’s velocity withspeect to the Earth
as described above. Since velocities of all thimgEarth are slow compared to the speed of lighd, given the
limited capabilities of measurement at the timés tlelative change due to motion could not be gaigtected.
However, the Michelson-Morley experiment, describgate fully in another section, tested the posgjbilf Earth’s
motion through an aether background using intenfieters. This test, performed over several seasois
equipment orientations, (along with several othgregiments that eliminated the possibility of therth “dragging”
a part of the aether with it as it moved) proveddatosively that there was no aether to use as ahegrk for light
velocity measurements. The speed of light appetrdsbc irrespective of the relative velocity of the scu@nd
observer. Other theories suggested that it waweleeity of the source that determined the veloott light, the
most notable of these put forth by the Swiss plisisM/alter Ritz in the 1908. But studies of remstars and
galaxies and the odd disturbances that this conaeplid produce indicated that this was likely nbé tcase.
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Apparently the speed of light wador all observers, no matter what their relatiedoeities, and no matter what the
velocity of the source.

In the face of this experimental evidence for itheriance of the speed of light, a model had taéecloped
that allowed this to be possible. Beginning wik torentz transformation and ending with the thiearrelativity,
an interesting mathematical model was developed #iawed light to maintain this one, very configin
characteristic. Unfortunately, the whole structofethe universe had to change to accommodate t@iscks in
motion slowed down and rulers in motion shortendthe mass of a moving object increased withouttl&si its
speed increased. And as objects approached eheh ait greater and greater speeds their combinedities
increased more slowly until, at a great enough dgfeach at), their combined velocities (measured with respect
the whole system) would still be onty not  as one would intuitively suspect. Consider, foaraple, the case of
two objects approaching each other, each with acitgl as viewed from a common rest frame ofc0.9Their
combined velocity under special relativity woulddrdy .99, not 1.& as our common experience would indicate. It
is interesting to note that if each of the two w@ies exceeded, then the resultant velocity under the relatigisti
transformation would become smaller and smallethascomponent velocities increased. Of course t&iims
theory prohibits any object traveling faster tltago this event can not occur.

All of the analysis performed by Lorentz missedraportant point, alluded to earlier. Maxwell'suadions do
not insist on a specific velocity of propagatiohhey also certainly do not insist on a velocityttisaindependent of
the frame of reference of the observer. It isekperimental means by which we measure or obsee/speed of
light or the ratio of H, E, B and D that resultsarframe invariant velocity af. The distinction here is critically
important. As in the case of the expanding elastibe previous sections, the equations of matibtne elastic had
little or nothing to do with the results achieveddryocessing the film of the moving observers. ®dheervers came
away with an experimentally verified test of aneattjthat was at rest or moving slowly from all fesof reference.
While their observations demonstrated this, thetildtself did not actually exhibit the propertie=corded. The
experimenters developed a model that explained tésilts, but that did not reflect the realitytloé situation.

The principle of equivalence tells us that if we & a uniformly moving reference frame, then arperiment
performed in that frame should produce the samdtsess if performed in a “stationary” frame. Glgatherefore,
the ratio of Maxwell's four quantities in the manradove will result in a measured “velocity” ofn any uniformly
moving frame of reference. Thus each of severaeokers in reference frames moving at differentfonni
velocities will each measure or observe the vejoott light from a distant source to be travelingotigh their
apparatus at a velocity of As far as the speed of light is concerned, rgriction on uniformly moving frames of
reference can and will be lifted as well. Cledryrelativity theory the restriction is not requdteas the speed of
light is absolutely invariant. In the RCM as wehg restriction is not required, as the obserwmply becomes
sensitive to higher and higher velocity componeavite acceleration away from the source. In bothtnéty theory
and RCM, the Doppler effect (a change in frequesrcgietected energy due to a change in velocity)plaly a role
in either an accelerating or uniformly moving fraofeeference.

From the above reasoning, it makes sense totsi@t¢heobservedvelocity of all electromagnetic propagation,
in free space, is. Thus two observers in motion relative to eadfepat any velocity will each see a beam of light
passing them at the velocity of Since it is the same beam of light, that beartight must have components of
velocity (with respect to the source) ©plus the first observer’s velocity (with respeettihe source), and afplus
the second observer’s velocity (with respect togberce). Since the source has no idea who itsrebs are, nor
of their velocities, it must produce light in a r@ibn continuum, at all velocities from zero@ In this manner,
there is a component of that light which will pass observer, moving at any velocity, at a relatiglocity ofc in
the observer’s frame of reference. This is theedp which electromagnetic radiation is capabletefacting with
the physical world, as demonstrated by laboratogasarements of light and the four electromagnetpgrties of
Maxwell. Any component of light not at this veltcirelative to the observer cannot produce any iphys
interaction, and is therefore undetectable by dwgical observer. Stated more concisely:

Electromagnetic radiation propagates at all velegifrom zero to some undetermined upper value
C. As demonstrated by laboratory measurements,tbhatycomponent of this radiation that passes
a physical observer at a relative velocitycah the observer’s frame of reference can produge a
physical interaction and hence be detected. Aleotwelocity components of this radiation are
undetectable by that observer, or by any otherrelanechanical device that is stationary in that
frame of reference. Any observer in motion relatiu the first observer will, in general, detect a

© Curt Renshaw997 Chapter 1 - A Model of Light crenshaw@teleinc.com



Renshaw The Restoration of Space and Time 11

different component of the radiation, that compari®ing the one that has a relative velocitg of
in its frame of reference.

Since light travels at all velocities from zero @ no matter what our speed relative to the souteere is
always a component of the radiation continuum ith@iassing us at a relative velocity of c. Ithstcomponent that
is thus able to cause the physical interactiongessary to be detected. The end result is the egopes of light
having the invariant speed affrom all frames of reference. It is interestingdacomforting to note that the
experimentally determined values of the fields iaXwell's equations predict that our observed spafelight is
equal to the square root of the proportionalitystant between mass and energy as derived by Hir(stenoted by
¢?. Of course this famous equatidh,= mc, is not necessarily a consequence of relativigoty, but derives
naturally from Max Planck’s observations of lighissions from a heated object, as chapter eight shibw.
However, given this important relation, we can gadtitional insight as to why it is that we pereelight only at
the velocity indicated by thef quantity. Since the conversion of radiant end¢ogyass energy can occur only if the
ratio of the two is given by?, it would seem obvious thatis somehow related to the velocity at which matim
absorb or release energy in its own frame of refere The simplest relation is that light mustiaté with matter at
a relative velocity ofc in order to be detected. The same holds trueafoelectromagnetic energy and for
gravitational effects as well. Before we closes ttthapter, however, we must explore briefly howrtlaxed second
postulate of RCM theory resolves the confusion edusy Maxwell's equations when light was assumebaee a
constant velocity of independent of motion with respect to the source.

The Galilean Invariance of Maxwell's Equations

The key factor in the radiation continuum modeligifit is the relaxation of the constraints of E@is’'s second
postulate. This postulate states: “The velocitylight is constant for all inertial frames of refece, and is
independent of the motion of the source.” The @pie of equivalence tells us that the laws of pdg/should
remain invariant under any transformation of frasheeference. For example, if we drop a ball wisiiending still,
it will fall straight to the floor. If we are ontaain moving at a constant velocity of fifty milegr hour, and drop a
ball, it will again fall straight to the floor. Ene is no experiment we could perform wholly indide train, without
looking out the windows for example, that would maks aware of our motion at a constant velocitye #8n
transform the results of our experiment to thermfee frame of an observer on the bank. That vbsevill tell us
that the ball dropped vertically at the proper spaecording to the laws of gravity, but also coméid moving
forward at fifty miles per hour with the train—pigely the velocity it had before we dropped it.isTtype of linear
transformation of physical laws is referred to &adilean transformation, and it is the type ohsfarmation we are
used to dealing with and make every day withoutkinig about it. If we are in a car going sixty eslper hour and
we are approaching a car going only forty miles peur, we instinctively make the Galilean transfation of
velocity. This transformation implies that, in duame of reference, the other car is effectivglpraaching us at
twenty miles per hour. In this case we hit thekbgaso that the other car does not effectivelyintm us. If one
assumes the truth of the second postulate as stameldalso wishes to preserve the truth and referdrame
invariance of Maxwell's equations, then one mustpdhe Lorentz transformations, in which lengtbateact in the
direction of motion and time slows down for the imgvobject. If one attempts to use Galilean trarmsftions and
also adopt the Einstein’s second postulate, it mall be possible to conserve the invariance of Mdbsvequations.
The radiation continuum model simply adds one wrcEinstein’s second postulate as follows: “Tdteserved
velocity of light is constant for all inertial fraea of reference, and is independent of the motfothe source.”
Through the use of the modified second postulaskimg the observed velocity of light dependent fua abserver,
and adopting the radiation continuum model of lights a simple matter to show Galilean invarian¢dlaxwell’'s
equations.

In order to illustrate the difference between @ali and Lorentzian transformations, imagine tengein two
sets of reference frames. One of these frameis, ¥ationary with respect to the source of a bairsight, while the
second, K is moving along the X axis to the left at somedi velocity. We place each observer at the ofiits
own frame of reference. This situation is depidtefigure 1-4.
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Figure 1-4 An example of two reference frames itionawith respect to each other along the x axidarma
Galilean transformation

In the radiation continuum model, where light ke all velocities from zero 16, the component of light as
seen by an observer in any particular frame ofregige has a relative velocity ofin that frame. Therefore, the
component traveling at in the moving system will have a velocity in thenamoving system of plus the moving
system’s velocity. In figure 1-4, consider the mauof a flash of light, which is some distancerirthe origin of the
stationary system. If at the time of the flash e systems had their origins together, and theimgosystem has
been traveling for a given amount of time, its origill now be at a distance equal to its veloditpes this time
beyond the origin of the stationary system. Tlstagice to the source as measured in the movingmsyist thus
equal to the distance measured in the non-movisigsyplus the distance covered by the moving syisaifi. This
is the only shift required in a Galilean transfotima. Without going into its derivation, we wilirsply state that
under a Lorentzian transformation we must slow dainre and shorten lengths along the axis of motidrhe
formulas contracting length and slowing time adatesl to the square of the velocity of the moviggtem, and, of
course, to the fixed velocity of light. In the @@hn transformation, time is absolute, and thenea transformation
required in this coordinate. Thus the time as meakin the moving system is the same as the tig@sared in the
stationary system.

We have expressed the distance to the sourceedfash from the origin of the moving system imierof the
distance in the stationary system and the vel@gity time of motion of the moving system. Thisiisikar to saying
that in order to measure the distance frofff 4&teet to 49 street, you would have to know how far down Broagw
a person had walked, or what time of day the measent was made. It would be helpful if we did@quire the
elapsed time to determine a value for this measeméin the moving frame. The two quantities, tiamel distance,
should be independent. Now, in order to expresgitbtance in the moving system in terms of measeints made
in the stationary system using a Galilean transétion, consider a light signal traveling in botlarfres, which
initially have their origins coincident, as beforé/e know that the moving system sees light leatfegsource at a
speed ot plus its own velocity. If we imagine two carstfeave from the same point and travel for one hooe
car at twenty miles per hour, the other at fiftyasiper hour, the faster auto will have gone fiftifes while the
slower will have gone only twenty. We can expriggsfaster auto’s distance as equal to the slowtersadistance
times the ratio of the velocity of the faster atddhat of the slower one. This relation will obusly hold no matter
how long or for what distance the autos travelus'ti we have two components of light, we can aiste that the
distance traveled by the faster component in theimgosystem will be equal to the distance travédgdhe slower
component in the stationary system times the rattithe respective component light velocities infeframe of
reference. This is of course a much simpler t@nstion than the one proposed by Lorentz, ang éxactly the
transformation we would normally use in, say, deiang the distance traveled by a ball thrown otraan as
measured by someone standing on the bank. Itsimple matter to show that the form of Maxwell’suatjons
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remains invariant under the Galilean transformatiabove when one replaces the velocity of lighthin moving
system withc plus the velocity of that system. This is donplieitly in Appendix A.

The importance of the imposition of the modifiéght principle of RCM over the light principle oélativity
theory cannot be over stressed. Lorentz was fadéd the results of the Michelson-Morley interferetar
experiments that were designed to test the velafithe earth through the aether. Michelson andl®jcexpected
to obtain different velocities of light for variowsientations of their light beams, depending omtivbr the light was
traveling parallel to or orthogonal to the motiditlee earth and the aether locally. What they ébinstead was no
variation. The velocityc was a constant, independent of the observer'somatlative to the supposed aether.
Lorentz was simply trying to obtain a method fohiaping a Galilean frame invariance of Maxwell'suatjons
given the result that took on a constant value in all inertial framegeference. He discovered that by scaling the
quantities of length and time in the moving systeynhis squared velocity relations, the desired liawee was
achieved. He was not initially interested in thggical significance, if any, of these transformas, and thought of
them instead as a mathematical nicety. Einsteireldped the actual second postulate addressed dhtere
partially as a result of Lorentz’s treatment of M&X's equations. Clearly, if the constraint o€anstantc that is
not frame dependent is relaxed, then the Loree@&trment is not required. Einstein’s special reiigtihas a fixed
velocity of light combined with a continuum of difent standards of length and time. RCM has fstaddards of
length and time with a continuum of light speedsnaasured with respect to the source only. A ktake sequence
of events and discoveries leading up to the idemfofed speed of light will aid in the understamglias to why this
apparently needless restriction was imposed. iShtge subject of the next two chapters.
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