Simultaneity

We see then that there is a close interrelatigngtiithe definitions of simultaneity, length anaheiinterval,
and the fact that all observers obtain the samesuesl velocity for light implies that all three thfese concepts
must be considered not as absolutes but ratheaag a meaning only in relationship to a frameeference.

David Bohm, 1965

What is meant by the idea of simultaneous everite® most straightforward and intuitive definitimould be
that two events are simultaneous if they occuhatsame time. Implied in this definition are tdeds of absolute
space and absolute time, dating formally to thdimg$ of Newton and conceptually to even earlisre§. Under
this definition, all events throughout the entirgverse occurring at a specific instant of time idolbe considered
simultaneous. The relative distances to thesetgwea not important. Nor does the amount of tieggiired to send
a signal telling of the occurrence of an eventaffes simultaneous nature. For example, consadehild born on
February 26, 1993 at 2:00 p.m. EST in San Diegdifd@aia. The parents are preoccupied with thehbaf their
new child, and pay no attention to world events dofew days. On February 28th, the father reads #t the
moment his daughter was born, explosions rocked\tbedd Trade Center building in New York. Thesetavents
were separated by 3000 miles, and it took two darythe "signal” from one event to reach the lomatf the other.
However, it is clear to any outside observer thatdvents were simultaneous.

Not so according to the special theory of rel&fivi Einstein's second postulate leads to the isipiity of
assigning common times and distances to widelyraggé events. Minkowski declared in an addreskoid8 that
"Henceforth space by itself, and time by itselé doomed to fade away into mere shadows, and dkitydaof union
of the two will preserve an independent reality'he problem in relativity theory lies in the inatyilto accurately
synchronize clocks in different moving frames dérence. While there was no one in motion in theve example,
we can imagine a vacationer flying en route to Néwk at the time of the birth and the explosion.otder for this
observer to record the actual time of the birth erplosion, a radio or light signal from each wobkle to reach
the plane signaling their occurrence. It is thepaigation of this signal under the rules of theosdostulate that
causes the problems. To illustrate this explicithg will use Einstein's classic example of a pagseon a train that
moves at a good fraction of the speed of light, am@mbankment on which stationary observers niandiwatch.

Suppose in figure 3-1 that two gunpowder explosidd and Q, occur simultaneously on the banks ®f th
railroad tracks. That is to say that a statiorabygerver, Alice, seated on the bank and locatedvayicdbetween the
two events observes the two flashes of light frbmexplosions at the same time. If Alice has & i@rg rod which
stretches in both directions beyond events P andn@,if the rod is close enough to the eventstti@explosions
will leave marks, then Alice will be able to meastine distance to each event after it has occloyembarking off
the distance from her location to each of the makiki® will define a distance of one light secon@8,000 km; the
distance light travels in one second at the spéed Ve will also set up the experiment such thatdistance Alice
measures on her rods is six light seconds. Thereftice concludes that the events occurred simabasly, six
seconds before she saw the flashes.

In the same figure, let us look at Bob, who ivétang on a train moving at a velocity of 0.5c. riher, let's
schedule his arrival at Alice's location to coircidith the time at which she observes the two #ashAccording to
the special theory of relativity, Bob will also deeth flashes at the same time. However, sincelzstmoved three
light seconds in the six seconds since the expigsibe was initially three light seconds closeexplosion P and
three light seconds further away from explosion l@mwthey occurred. Since Bob considers himsdigtat rest, he
does not take his movement into account when ré@upttie distance to each of the explosions. Thumbasures
on his rods a distance of three light seconds mlosion P and nine light seconds to explosion Qonfthis he
calculates that explosion P occurred three secagdsand that explosion Q occurred nine secondssigee the
light he sees traveled these distances at a sgeedhchis frame of reference. According to Bobe two events
were not simultaneous. As we stated in chapter aceording to the special theory of relativityjo&l and Bob will
see the event at the same tiawed at the same place, but will be unable to agrea scommon distance to or time
since the events, thus rendering the concept afl&ineity meaningless.
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Figure 3-1 Simultaneity in the special theory @ftivity: Alice and Bob will each see a flasHight at the same
place and at the same time.

Now let us view the same experiment in terms ef RCM theory, as depicted in figure 3-2. The situafor
Alice remains unchanged. She will observe théhflassix seconds after the explosions occur, aneftaith marks
on her rods indicating a distance of six light setoto each of the events. As for Bob, we willesttiie his trip
slightly differently than in the previous exampléet us schedule his arrival at Alice's locatiorbt four seconds
after the explosions (an odd choice, the reasomwfach will be clear as the example progressespcesSBob is
traveling at 0.5c, he is sensitive to that compoménight which is leaving explosion P at a velyodf 1.5¢c. This
component will cover the six light seconds frommd? to Alice in four seconds, and arrive justiime for Bob to
see the flash. Since Bob has been traveling at fos5four seconds since the explosion, then he twaslight
seconds closer to point P when the explosion oeduriThus the mark on his rod will indicate that &xplosion was
four light seconds away. Once again, since Balmaware of his motion, he assumes that the lighttwhe sees
traveled this distance at c, and calculates thatetkplosion must have occurred four seconds eadibich, of
course, it did. We now see that Alice and Bob agre to the time of explosion P, something theyt cemunder
special relativity, but they have yet to agreelmndistance to the explosion. We will dispensé wits shortly. For
now though we see graphically that two observeradtion relative to each other may see the lightnflan event at
the same place but at different times. The casxpibsion Q is a little different.

We know from the preceding paragraph that at iseant of the explosions, Bob was two light secduder
away from Q than Alice was. Thus the mark on Botsindicates a distance of eight light secondd tat the time
of the explosion. Since Bob is moving toward & domponent of light that he can see must be Iga@imwith a
velocity of 0.5c. With Bob and the light each &hng at 0.5c, the light will only need to traveluf light seconds
from Q before it and Bob are at the same locatia it strikes him at a relative velocity of c. will take this
component of light eight seconds to cover a digasfdour light seconds at 0.5¢c. Thus Bob will fee flash from
Q eight seconds after the explosion occurs. Siingm the mark on his rod, he assumes the explasionrred at a
distance of eight light seconds, he concludesttf@explosion must have occurred eight secondsdéi® saw the
flash, as of course it did. This time, Alice andiBsee the light at different locations and atedéht times, but they
once again agree as to the time of the explosibtore importantly, they each agree that explosionang Q
occurredsimultaneously If we could now get them to agree as to thetlonaof the explosions, then the concept of
simultaneity as Newton defined it would be complete
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Figure 3-2 Simultaneity in the Radiation ContinuModel: Alice and Bob will see the flashes ded#nt times
and locations

Let's begin by assuming that Bob knows he is ngpwith respect to Alice and the explosions. In ¢thse of
explosion P, then, Bob knows that he has beenlingvéor four seconds since the explosion and hased a
distance of two light seconds by the time he readkize's position. He must add this to the lengftithe mark on
his rod, four light seconds, to get the actual fiocaof the explosion, which is six light secondanf Alice. So far
so good. Regarding explosion Q, Bob has beenlingvier eight seconds, or four light seconds atdpeed of 0.5c.
He must subtract this value from the length ofrifegk on his rod, since he has been traveling towearaxplosion,
and concludes that the event occurred a distandeunflight seconds from his current location. ¢&irhe was
initially two light seconds in front of Alice andah traveled four light seconds, he must now beligid seconds
past Alice. Therefore, explosion Q must have aezlia distance of six light seconds from Alice.isTik, of course,
the correct answer.

Thus, in this example, both Alice and Bob deduttet events P and Q occurred at the same time, ataah
distance of six light seconds from Alice. The impat point in the above example can be seen bygidering just
the observations of explosion P. In RCM theorycéland Bob see the explosion at the same placat lalitferent
times, though they are able to agree on the lotaticaand time since the event. In classic probladdressing the
guestion of simultaneity in Lorentz-Einstein reldti, it is assumed that observers in motion retatio each other
observe the event at the same placdtime, thus leading to their inability to agreetbe time and location of the
event, and to the concept of relative space anel. tifrhis effect is a direct result of the secondtplate, and exists
only in thought experiments such as the one abduwere has never been any direct experimental reoatfion of
this concept. One reason for this is that untiywecently, the technology to perform such a test not existed.
Another and more compelling reason is that no ané| now, has ever questioned the validity of #tatement.
David Bohm, in describing the relativistic trainpeximent in his bookhe Special Theory Of Relativitstates Of
course[Bob] will also see the two flashes at the sameeti He also goes on to address the nature cdebend
postulate being tied to physical measurements, thaugh it is treated as an absolute condition:falit, however,
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all observers must assign the same speed to Bgite as we have seen, experiments show this thebease.
Therefore the train observer can no longer agraethte two flashes are simultaneous, because thesr different
distances at the same speed." In his bimistein's Theory of RelativitfMax Born repeats two statements, one
from Newton's theories, the other from Einstein's:

1. According to classical mechanics the velocftamy motion has different values for two observers/ing
relative to each other.

2. Experiment informs us that the velocity of lighindependent of the state of motion of the oleseand has
always the same value c.

He then makes the assertion that "Of the two setésn(1) and (2), the first is purely theoreticadl @onceptual in
character whereas the second is founded on fddti§ is an interesting conclusion. The first statat is based on
hundreds of years of direct experimental verifimati albeit for relatively slow moving objects. Tisecond
statement is based on absolute conjecture, anddtdseen tested by experiment. The experimenthwtgsulted in
the statement, that of Michelson and Morley, derraited that the speed of light is dependsriy on the observer,
as opposed to the source or the background aetheall experiments of the determination of theoedly of light,
the determination has been made by the observes, tfie velocity of light has always the same valusut that
velocity is always dependent on the state of motion of the obselimecomplete contradiction to the "fact" of
statement (2).

The General Case Of Simultaneity

In the above example it may appear that in orderotrectly deduce the locations and velocitied\lafe and
Bob and explosions P and Q, we would have hadwokim additional knowledge about the locations agldtive
velocities not privy to the actual observers Alared Bob. We in fact began with the assumptionweaknew Bob
was moving relative to the source of the explosi&@ince we were using trains and embankmentswhssnot an
unreasonable assumption. But what if we have rbdrary "stationary" reference frame. Are welsdible to
determine the simultaneity of events? It will hdfisient to show that we can consistently agre¢oathe time of
and relative distance to a single event, sincecduisthen be extrapolated to the case of multipdats.

Consider the situation depicted in figure 3-3. rédan explosion is about to occur at some undefpwdt in
space. Bob is in a spaceship some as yet undeflisance from the immanent explosion, travelinghvan
undetermined velocity relative to the event, in thieection shown. Bob is again carrying an extrignieng
measuring rod on which the explosion will leavearkn

The explosion occurs and blackens Bob's rulercrtain point. Bob is not yet aware of the exjglosas the
light has not yet reached him. The light to whigbb is sensitive will have a velocity of ¢ plus hislocity with
respect to the source. At the instant the lighthes Bob, he will note the time and begin reeiingis ruler to
determine how far away the explosion occurred. pgap he records a time of one second past noomaasures a
distance of 300,000 km (any time and distance &\dl] it is simply easier to speak of specific exaspthan in
generalities). Bob now knows that the explosioouned at exactly noon, since it takes light ongoed to travel
300,000 km. Bob is unaware of his motion relatvé¢he source, and does not need to know it inradxldetermine
the time of the event. He knows that, for himhtigravels at ¢ and that it traveled 300,000 knore second to
reach him. If we also allow Bob to know his vetgaiith respect to the explosion, he will deducettthe event
occurred at a distance of 300,000 km plus the magik distance he traveled in the one second k the light to
reach him.
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Figure 3-3 Observers at any velocity relativahie event or each other will be able to agree antiime of an
explosion by consulting the marks on their measgurods.

Thus we see that, from any frame of reference, Biitcorrectly record that the event occurred abn, and, if
his velocity with respect to the event is known, Wi deduce the correct location as well. No reathiow many
observers we have, traveling at any velocity aadisy at any given location from the event, eadhagree on the
time of the explosion. If they know their velocityith respect to the event, they will also agreeitsnprecise
location relative to their current ones. The obses do not need to actually carry long measurts with them. If
they know their distance from an event at the tihiégs occurrence, say from New York to San Diegpoif they can
determine it from some other means, the effedhéssame as carrying a measuring rod. Note thheibbservers
know their velocity relative to each other, but nelative to the event, they will agree on thetreéadistance to the
event from any observer, but will be unable to pinpthe exact location since they are unawarengfraotion with
respect to the event itself. Fortunately, tharnkshe Doppler shift, any observer can accuratekgrd@ne his
velocity with respect to the source, as explaimethé next section.

Doppler Shift And The Determination Of Velocity

Doppler shift is the name assigned to the shiftéquency experienced when an observer is in mottative
to the source of the frequency. The classic exaroplthis is the change in pitch (frequency obs#nad a train
whistle as it is approaching an observer and whenmoving away. During the approach, the pititequency) is
much higher than when the train is moving awaye €kplanation for this is straightforward.

Sound travels through the air at roughly 100G&/fps). A train whistle has a frequency of abbd®d cycles
per second, or 100 Hertz. The wavelength of thendds equal to the velocity of the sound divided the
frequency, or ten feet, and is a measure fromdpef one peak to the next, or of one cycle. Wervgth is usually
denoted by he symbol lambda,Xar Another way to look at this is that the frequerscequal to the speed of sound
divided by the wavelength. That is to say that p@@ks (cycles) of the sound wave will pass a figeuht in one
second. If the train is moving toward the obseri@rthe observer moving towards the train) at fifskc, the
observer will detect approximately ten extra cy@é&she sound per second. This is because eadt isyten feet
peak-to-peak, and the observer will effectively maeross ten of these peaks during one second.isTtiepicted in
the top half of figure 3-4, with the observer mayitowards the train at 100 ft/sec for clarity d@stration. The
impression that the observer gets (on his eathptsduring that one second, 110 peaks went pagars to produce
a sound with a frequency of 110 Hz.

Another way to look at this example is that, sitfeetrain is approaching at 100 ft/sec, the eiffectpeed of the
sound passing the observer is 1100 ft/sec (thedsplethe train plus the speed of the sound "throfrorh the train
towards the stationary observer). The frequenapisfsound will be given by the speed divided ly wavelength
(1100fps/10ft) or 110 Hz. This is illustrated metbottom half of figure 3-4. By similar reasonirg the train is
moving away from the observer, the observer witedeapproximately ten less peaks during a seaasdjting in a
perceived frequency of 90 Hz.

The reason the Doppler shifting of sound occurthénabove example is due to the fact that thedsp&sound
is not invariant for all frames of reference. In othesrds, a stationary observer listening to the gdng stationary
bell at 100 Hz (wavelength of ten feet) will pereethe sound passing him at 1000 ft/sec, whiletz®ver moving
towards the bell at 100 ft/sec will perceive thersb passing him at 1100 ft/sec, thus giving ris¢ht increased
pitch described above. If another observer is np@way from the bell faster than 1000 ft/sec, hié waver hear
the gong of the bell, since he is moving fastentte sound from the bell, and this sound will meeach him. The
classic example of this is the case of a jet brepktie sound barrier. In this case, as the jetaging towards you,
and approaching the speed of sound, the noisedrg lgenerated closer and closer to you, and thacdswaaves are
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beginning to bunch up. As the jet achieves theedpe sound, the jet is generating noise on tofheforiginal

noise, which is traveling right along with the jeEhe result to you is that you are ultimatelywiith a solid wall of

noise, the characteristic "sonic boom". Once ¢tgishes through the sound barrier, you actually the sound of
the jet passing overhead before you hear the solitite jet approaching. You see the jet flying direction, yet

your ears tell you it is traveling in the opposligection.
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Figure 3-4 The Doppler shift causes the whisflan oncoming train to be heard at a higher fregzie
proportional to the relative velocity of the traémd the listener.

To view the example of the bell from another pectje, if the speed of soumekreinvariant for all frames of
reference, the observer moving towards the bellldvparceive the sound as passing him at 1000 ftésewould the
stationary observer. The frequency of the sourddchior each observer would be given by the spégadadi by the
wavelength or 100 Hz. Thus each observer would tieasame pitch from the bell. We know from exgmee and
investigation that this is not the case, and tleeegfthe speed of sound is not invariant fromralifes of reference.

Light or radio waves observed from a point in motrelative to the source experience a shift igdency due
to this relative motion--the Doppler shift. Thesebved frequency of light is always given by ¢ snome over the
wavelength (). Remember that light is emitted from the sowatall velocities from zero to C. In order for all
light emitted from a source to have the same fraguethe wavelength of the light must thereforepbeportional to
the component velocity of interest. Slower compugevill have shorter wavelengths while faster congnts will
have longer ones. This knowledge can be usedterdime the frequency of light that an observer sék if he is
moving away from the source at some arbitrary vloclf we call the component velocity of lightdeing the
source the "initial velocity", theA™ is equal to the frequency of the source dividedtHsy initial velocity. The
shifted frequency of the observer is then givercliynes one over the wavelength or c times theukaqy divided
by the initial velocity. With light, lower frequeres are redder, while higher frequencies are bluEnus if the
source and observer are moving away from each ,otteersay the light is red-shifted, while if theyeamoving
toward each other we say it is blue-shifted.

Now if the observer knows the expected frequeridh@ source (say the absorption spectrum of Hyelnpghe
can determine his velocity with respect to the seury solving the above relation for frequencytsinifterms of
velocity. Thus the relative velocity between tloairge of light and the observer is equal to c tithesratio of the
Doppler shift to the observed frequency. Thistrefais not the same formula used for determinatibmelocity in
the classic sense involving sound. With sound attteal velocity of the wave that the listener kedranges, while
with light the velocity seen is always strictly cHowever, the two formulas are accurate to withie tmost
insignificant decimal places. The formula is at&xt the same as the formula derived in speciativilg though the
differences become significant only when one's dpsgproaches c. This presents no problem for almog
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experiment one can think of. In fact, the formumarmally associated with the Doppler shift in soumds
successfully applied to light to make one of theshimportant discoveries of the twentieth century.

Edwin Hubble used the light characteristic of gaia class of stars to demonstrate that they wete part of
the Milky Way galaxy. It was this discovery thatlto the realization that there were indeed getagther than the
Milky Way. By measuring the luminosity of his sjdcstars in several galaxies, he was able to oeter how far
each was from the Milky Way. In 1914, Vestor Sépthad measured the spectra (characteristic fretggen
common to all stars) of thirteen remote galaxies] ound that, according to the Doppler relatidreyt were all
moving away from the Milky Way, with the single eytion of the Andromeda galaxy. Hubble armed wékeral
additional measurements, made a graph comparindistence to the red shift in spectra for a tofaienty-two
galaxies. What he found was astonishing. He dm@a that the distance was proportional to theshiéid-the
greater the galaxy's distance, the faster it wasimgoaway. The universe appeared to be expandiigis
conclusion was made using the Doppler shift fornfiafasound, as Hubble wasn't even aware of Einstéonmulas.
He was also reluctant to conclude that the univacteally was expanding, or that the shift in freigcies was even
due to the Doppler effect. As Dennis Overbye mflenLonely Hearts Of The Cosmos:

Einstein, in fact, had already predicted that thkaxjes were just like raisins in a rising cakenge
pushed apart by the mysterious explosion of spadetime themselves. But Hubble had done his
work in ignorance of Einstein, and he had beenctaht to draw such a grand conclusion from his
own flinty data. He cautioned, in fact, that tleglshifts might not be classic Doppler shifts at all
but some new physics, and perhaps should be thofigist"apparent velocities."

The importance of the frequency shift and velodgtermination relations becomes clear if we retorthe
guestion of simultaneity and compare the relafivisiodel to the radiation continuum model. Thigigne in the
next section. But first, we must review the natoféoppler shift and see why it qualitatively piloits the use of
Galilean transformations under the assumption dheariant velocity for light.

Earlier, it was shown how the Doppler shift arisessound due to the fixed velocity of the soundvels
propagation through the atmosphere. Any two olessrin motion with respect to each other will pereea net
velocity of sound equal to its velocity in the aspbere plus their velocity toward it. A ball mogithrough the air
at fifty miles per hour will hit your glove at siximiles per hour if you are running toward it at tailes per hour. It
is precisely this lack of invariance in the speédaund that results in the Doppler effect. Thisranother Doppler
effect known as aberration. If the train in theyious example is moving toward you, the sound wailebe
compressed since each successive peak is reldased to you than the one before. This will have éffect of an
increase in frequency for an approaching train, amniécrease in frequency for a receding traira gftcher throws
balls at you once every second, they will reach goce per second, or with a frequency of one Herte cycle per
second). If the pitcher is running toward you asidithrowing the balls, each successive ball maVe a shorter
distance to travel before reaching you, and thés wall reach you more frequently than once peroselc Their
frequency will increase due to aberration. Theistwwom of a jet approaching and then exceedingsgieed of
sound takes the aberration effect to the limit eadses a sonic boom as the speed of sound inrttesaitere in the
jet's frame of reference reaches zero. Note Hespeed of sound is not an unattainable velogityn though this
odd effect occurs at that speed. In the early afdying, it was felt that this was an impenetebarrier. It was
felt that a craft would break to pieces at the dpafesound due to the shock wave and other stre§3@s myth was
dispelled when Chuck Yeager flew the first airctafbreak the sound barrier.

The important point in the above discussions @rathat it is the lack of invariance in the speédound (and
of baseballs) in a Galilean universe that produbesDoppler effects. If the velocity of sound wareariant, then
all sources would observe the sound wave leavirrgvatiocity of one thousand feet per second witpeet to itself
and there would be no aberration. The sound lgathie source would have the same frequency asoinees
Likewise, all observers would hear the sounds aggrimg at one thousand feet per second, and theukl e no
Doppler shift. The frequency heard would be thmesas the frequency emitted, for all listenersllatedocities.
Additionally, there would be no sonic booms, as jebuld not be able to outrace the very sound weng emitting,
and they would therefore always travel at less tharspeed of sound in their frame of reference.

And yet there is a Doppler shift associated wiigitl It is such a well documented effect thatusges range
from tracking the velocity of aircraft using raddgnals, to adjusting the frequency of radio regesvon ships at sea
to account for their motion with respect to a diéelto calculating the velocity of distant galesias they stream
away from us through space. The aberration ef$eicivoked to explain the behavior of synchrotradiation. In a
synchrotron a fast moving light-emitting electromvas at close to the speed of the emitted radiataosing a
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bunching up of the wave crests in the same marsarjet approaching the speed of sound. Thereeis an effect
similar to a sonic boom in light called Cerenkodiggion which occurs when the speed of an electron in &icer
medium exceeds the speed of light in that mediume. dlectron does not exceed the speed of c; theimasl one in
which the speed of light is less than c, and, Ess than the speed of the electron. Since theritbmodel assumes
an invariant speed of light, and also accepts Dampphifted frequencies, the familiar concept of ilBah
transformations must be abandoned in relativitptie

DOPPLER SHIFT AND SIMULTANEITY

If we return to the general case of simultaneigspnted in figure 3-3, that section concludedlbsgtrating that
if the observer knows his velocity with respectthe source, he will be able to deduce the distamdbe source.
Fortunately, the Doppler shift allows us to deter@nbur velocity with respect to the source as beingal toc times
the ratio of the Doppler shift to the observed frexcy.

This is a major deviation from the relativisticsdeption of simultaneity which states that eveatslifferent
points of space that are simultaneous for one gbsare in general not simultaneous for any otlseoser moving
uniformly relative to the first. To see the difiece between these two models of simultaneous £vetisider the
following example, illustrated in figure 3-5. Ihe first figure, we see Alice, who is (and remaias)est with
respect to the apparatus during the entire expatiméwo flashes of light at the same frequencyradiated from a
point equidistant between two mirrors, by a sowtedionary with respect to the mirrors. As Aliaes things, the
light pulses leave the source, travel to each mistrike and reflect off the mirrors simultanegusind also return
to the source simultaneously. This situation essame in the special theory and in RCM theory.

) C C . cv Ctv
C C Ctv C-v
[ 0
\/
Alice Bob

A B

Figure 3-5 Light reflections from mirrors equitiint and stationary with respect to a source baélperceived
differently by a stationary observer and anothemation.

In the second figure, Bob is in motion relativethie apparatus in the direction indicated. We fivt consider
the relativistic viewpoint. Bob sees the right iamirror approaching the source, while the left chamirror is
moving away from the source. Therefore, sincetlighvels atc in all frames of reference under the special theory
the light will reach the right hand mirror earltban it will reach the left-hand mirror. After bgireflected from the
right hand mirror, that light will see a recedingusce while the light from the left-hand mirror Wvdee an
approaching source. The effect of this will betttiee total distance traveled by the light strikiing left mirror
equals the total distance traveled by the liglikisg the right mirror, and the two beams will retuo the source at
the same time from Bob's point of view. Thus Baimaudes that the light beams struck each mirratifférent
times, but returned to the source simultaneoublythe relativistic model, therefore, Alice and Bdb not agree on
the simultaneity of the event of light striking Gamirror, but do agree on the simultaneity of esigmal's return to
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the source. This concept results in a slowinglotks for observers in motion (relative to Aliceyhich will be
explained in the section on the effect of motioright clocks.

In the radiation continuum model, Alice sees thimgactly as described above. Bob, however, seegst
differently. Since he is in motion, that componehtight, which he sees traveling towards the trigand mirror,
must have a velocity af plus his velocity. He will see this light strikee mirror before the time at which Alice sees
it strike the mirror. He will not, however, seéstlight immediately reflected from the surfacetlod mirror. This is
because the stationary mirror does not "see" theessomponent of light that Bob sees. The mirrdlecés that
component of light that strikes it at a velocityoof This component arrives at the mirror later thzat component
that Bob is observing. Next, the light that Boleséeaving the mirror does so at the same timeoin'88frame of
reference as it does in Alice's. Alice and Boladise on the time the light reaches the mirror dguée on the time
at which the reflected return pulse begins. In'Bdtame of reference, however, he can only seectiraponent of
the reflected pulse that is traveling at a speedmoifhus his velocity, thus the light he sees witura to the source at
a later time than that light that Alice sees. Tisicompletely consistent with the RCM model of glitaneity
presented earlier, which stated that observerslative motion can see the light from an evenhatdame place, but
at different times. For light traveling to thetkafand mirror, Bob observes only that componeriightt traveling at
a velocity ofc minus his velocity, slower than the componenthef light which the mirror "sees" and reflects. $hu
Bob will see the light reflected off the mirror beé the source light he is observing reaches theorhi (It is not
actually true that Bob will "see" the reflected gribefore he "sees" the source pulse hit the miltds true that the
mirror will reflect that velocity component of lighio which it is sensitive before the velocity campnt to which
Bob is sensitive reaches the mirror. This is éreléd in the next section.). As in the above exanpBbb will agree
with Alice on the time of the reflected pulse'sgimi but he will disagree on the time it took foetlight to actually
strike the mirror. Now the light component thathBzees reflected from the left hand mirror musiehawelocity of
¢ plus his velocity, and will therefore return teethource before the component observed by Alicgnet In the
end, Alice and Bob will agree on the simultaneifytioe origin of the light pulses, but will disagresm the
simultaneity of the light pulses striking the miispand disagree again on the simultaneity of dilkected pulses
reaching the source. How can this conflict be Ikest? The answer involves looking at the Doppléft of the
light signals.

Recall that for an observer traveling in the salinection as a light pulse, the frequency will beppler shifted
according to the relative velocities, and thatdhserver can then use this shift to determine &liscity relative to
the source. Bob knows that the frequency of tijiet liwhich he sees moving toward the right-handanitis not the
same as the source pulse. He can thus deternsimelbicity with respect to the source and mirrad eonclude that
the mirror is sensitive to a slower component gifiithan that which he observes. Similarly for tb#ected pulse,
since the frequency Bob sees will be higher thangburce pulse, he knows that the light, which Alkees, is
moving faster than that which he sees.

Suppose that Bob did not know either the frequexidjpe source, or his velocity with respect to dpparatus.
Could he still come to the same conclusions reggrdilice's perception of the events? The answgess and we
will use the light pulse traveling to the left-hamiror to analyze this. Since Bob is moving tovéire source and
away from the mirror, the frequency he sees leatliegsource will be higher than the frequency res seflecting
from the mirror. Knowing these two observed fremgies, the Doppler shift and velocity determinatietations
can be manipulated to determine the source frequef@nce he knows the unshifted frequency of thew® Bob
can determine his velocity with respect to the sewas before. Thus both Alice and Bob concludé ftoan the
view of the apparatysthe emission of the two pulses was simultanetius,reflection from each mirror was
simultaneous, and the arrival of the two beams batke source was simultaneous.

The major problem with the relativistic modellist it assumes that the time at which the liglkesrthe mirror
in Bob's frame of reference is the same time atlwtiie mirror itself is struck in its frame of redace. Thus, from
the perspective of either Alice or Bob, the mireflects the same pulse of light at different tirgsspending on the
observer's frame of reference. This is troubles@néghe mirror, which has no knowledge of eithbiserver. As
with the radiation continuum model, Bob detects Etappler shift in his observed frequencies, thohghs unable
to use these shifts to resolve the timing diffeesn@nd instead must use Lorentzian time and leragitraction due
to motion. Even armed with this information, thencept of simultaneous events in the special thebrglativity
has no meaning.

Now it may seem as though we have replaced ontigiog theory with a new one which is equally cairfig.
Light reflecting from a mirror before it arrived3ow could this be? The answer lies in the way liclv we actually
see things, and what we can and cannot see, asxhsection will demonstrate.
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THE INCIDENCE-REFLECTION TIME GAP

In previous sections, our moving observers "sawd' light pulses hit the mirror at different timdmn they
"saw" the light pulses reflected. Additionallyyeving observer sometimes "saw" a pulse refleatech fa mirror
before the incident pulse struck the mirror. Wiile have shown that this is not actually the casehe mirror is
simply sensitive to a different component of ligthtere is still an apparent violation of causafitym the point of
view of the observer. How can this incidence-ietftn time gap be resolved? First, consider aehiffit means of
"seeing," involving long rods and marks, which wgillpport the validity of the time lag.

In previous examples, our observers carried lonlg with them to detect the occurrences of expissio space
and other events, so that the times of and distat@ehe events could be determined in one referdérene or
another. In the situations described in the previgection, we will allow our observers Alice anobBo carry two
long rods with them, sufficient to stretch to batiirrors. Since the rods are traveling at the sap®ed as the
respective rod carrying observers, then any ligltecting device on them will detect only that comgat of light
appropriate to its own observer's reference fratheuch a device is located so that it will be ogite the mirror at
the instant when light of the appropriate speedhea the mirror, a mark will be impressed on tladel Since each
observer knows that light travels at a speed of lais frame of reference, he can simply measuraligtance to the
effected plate and thus determine the time of impgcdividing by c. We could also use a light séws clock
which stops when a pulse of light strikes it, amathe observer could simply read the time on thekclohen it
stopped to determine the time of impact. (One rofisburse consider the effect of motion on thdipalar type of
clock chosen, as discussed in chapter six). Birtfdanner, each observer will determine that the atnwhich light
in his frame of reference reached the mirror ismeatessarily the same as the time at which the gl reflected by
the mirror. Again this is consistent with the RQldncept of simultaneity which states that obserugnsotion
relative to each other may see the light from agneat the same place, but will see it at diffetenés. In this case
the observers would be the stationary mirror aechtloving observer's light sensitive clock.

Why go through all this trouble? The problemnisither observer can actually "see" the light ihét inirror at
all. They are able only to see that light whichréflected from the mirror and which returns toitheyes at a
velocity of c in their frame of reference. Thisoptem exists for the relativistic model as wellthe radiation
continuum model, as it is a fact of nature. When ghine a flashlight up into the night sky, yoerseto "see" a
column of light racing away from the flashlight aimtio space. Actually, what you are seeing isréfkection of the
light from particles in the night air. If you wete shine that same light through a vacuum (sagidetthe space
shuttle), you would not see the column of lightait You would still be able to illuminate a distareflector or
mirror, and see the reflected light, but you wontd see the characteristic "beam" of light conmecthe flashlight
to the mirror. The familiar trace of the "photamgedoes" of5tar Trekfame would never be seen in an actual battle.

Arthur Zajonc inCatching the Lightspeaks of an apparatus he has created for somethifed "Project
Eureka". Basically the apparatus is an empty Imbx which a bright projector shines. The setupumsthat no
part of the box itself is illuminated, and thusrthés no reflection from the walls. Though the heXfull of light",
one sees nothing but darkness upon looking insifikis is because you can see only that light wischimed
directly at your eye or that which reflects fromahject toward your eye. One can pull a handl€ajonc's Eureka
box that moves a wand through the interior of thpasatus. When the light that defied observatiefote strikes
the wand, the wand becomes brilliantly lit on oites

In previous sections, we talked of Bob "seeing light hit the mirror before or after he "saw" treflected
pulse begin. If he uses the rods provided aboweyith draw these conclusions. But his eyes, watglthe light as
it is scattered (reflected) back to him off thehtigky on its journey toward the mirror, will sdeetlight hit the
mirror at the exact time at which the reflectiorgins. The reason for this is that each scattepimgicle can be
thought of as a mirror. It is only the light whichreflected from these "dust mirrors" at the eélo of ¢ minus
Bob's velocity (if he is moving toward the mirrdhat he will see, not the actual light pulse hegdimward the
mirror. We can imagine a large number of theséigdes, all equally spaced along the path to theamias in figure
3-6. Light from the source will strike these pads at regular, equal intervals, and be refleeatietbgular, equal
intervals. Each of these reflections will be tiange toward Bob at ¢ minus his velocity, and helwiée each
reflection at regular, equal intervals. Eventualhe light pulse will reach the mirror, which iseequal interval
beyond the last particle. When Bob sees the tigftected from the mirror, it will occur at the sartime at which he
actually "saw" the beam strike the mirror. The arignt point here is that Bob never actually sameam of light
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racing toward the mirror. What he actually saw wéfectively the reflected light from an infinitetsof mirrors
along the path to the mirror, each reflecting ttahponent of light to which it was sensitive.

x_© c c ‘
C-v «—©Ccv
Bob Vv C-v

Figure 3-6 The characteristic beam of a flashtigh the night sky is actually due to backscattgrirom particles
in the atmosphere. Without such particles, no besaseen.

In the above figure, Bob is sensitive to that figlith a velocity (with respect to the source anidrons) of ¢
minus his velocity. The light actually strikingetiparticles is traveling at the much faster spdad &ince this light
covers the distance between the particles faster Bob would expect it to, he perceives that tistadice between
particles is shorter than it actually is. Notetttés perception of a shorter distance is not elen remotely to the
Lorentz length contraction as required in spe@#dtivity. The effect here is due to the obsemnarknowing he is
in motion with respect to the reflecting particldé.you throw a ball at a wall with a velocity tén feet per second
and it hits the wall after two seconds, you wilhctude the wall is twenty feet away. However, dluyare moving
toward the wall at ten feet per second when yoeass the ball, the ball will have a velocity of myefeet per
second with respect to the wall. The ball wilikgrthe wall after only one second and you willgegve the distance
to be ten feet instead of the actual twenty. Thtke "shorter distance" that Bob is experiencing.

Since the carrying of rods and clocks eliminatesdistinction between "seeing" light at a distaand seeing
backscattered light, we can leave the wording efftfevious sections as it stands. Bear in miraygh, that when
we speak of an observer "seeing" light strike @adisobject, we actually mean something else. diteerver is
actually obtaining physical evidence at a distaibfpon a rod or with a distant clock synchronizedhe observer’s
clock, and that the rod and all clocks are statipimathe observer’s frame of reference.
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