QUANTUM THEORY

In short, quantum mechanics, special relativityd a@alism cannot all be true.
Arthur Robinson, Science

In this chapter, we will take a look at how the R@Mory meshes with quantum mechanics. As the
opening quote reveals, it is apparent that quamiechanics, realism and the special theory of xégttannot all
be true. We have already shown that, in factstiexial theory of relativity is not true, whichgsod, because a
world in which realism is not true is hard to inragi Nonetheless, we have not accomplished anything RCM
theory also fails to be compatible with quanturrotiye

It is not the intent of this chapter to developailed or explicit models as to how photons intéxaith
matter. Quantum mechanics as a discipline infiteed a great deal to say about this matter. ifNthrere an attempt
to explain exactly what happens at the point oftpheelectron interaction when we observe "interiees on a
screen. The goal of this chapter is simply tcsilate that RCM photons are compatible with quanneuohanics,
and to further show that, utilizing RCM photons, ave able to explain observations which, utilizietativistic
photons, appear as paradoxes. We begin with adbphkoton interference, which is the major catdliystreating
photons as waves in the first place. Next we edglisider the double slit and the so-called delayexce
experiments in which it appears that a photon knloovg we are going to observe it even before we, the
experimenters, make such a determination. Finatywill consider the nature of obtrusive versushtrusive
observations in the example of Schrodinger's cat.

WAVE INTERFERENCE

Throughout this book, we have discussed lightaagng a frequency, which implies a wave naturéhto t
individual "photons.” We have also stated thdttligavels at all velocities from its source in thege zero to C,
where C is at least as great as two times c. Weow consider some interesting implications a§thrrangement.

Maxwell's equations clearly envisioned a wavepkeperty of light, propagating as a series of gsind
falling electric and magnetic fields. In 1927, &&in and Bohr began a series of debates concetiméngature of
photon "waves" as they propagated through varimgdesand double slit experiments. We must taketitne to
examine the strange nature of light as it goesutiindhese setups in order to obtain a clear uratetitg for the
nature of light developed in the previous chaptansl also to explain these eerie phenomena.

To begin with, if light is shown through a slitdhonto a screen, the image on the screen is censisith
that of a wave (such as a water wave) passing ghrthe slit and impinging on a wall. More impottgnif light is
passed first through a single slit, and then thhoaiglouble slit, as pictured in figure 10-1, thag® on the screen
develops an interference pattern of light and didniges, consistent with the way in which water esypassing
through the same apparatus would reinforce eadr athere their crests coincide, and cancel edwdr othere
their crests and troughs coincide. This behaviottioues even if the intensity of the light isuedd to the point
where only one photon at a time passes throughgparatus. The end result over time of many plsopassing
through this system one at a time is a repeateirtterference pattern experienced when a contsatyeam of
photons is let through both slits, interferinglwihemselves on the other side. As strange asdkisis, the story
becomes more complex. If a detector is placecdah @f the two slits which can monitor the passzge photon ,
the photon appears to go through one slit or therphot both, and the interference pattern disagbelt is as if the
photon "knows" it is being observed, and therefiweomes a particle. Particles passing througbuald slit
experiment do not interfere with each other. Tethés, imagine a pile of sand on a platform witb slits, some
distance above another platform. Each grain wifigthrough one slit or the other, and you willdfewith two
piles of sand on the lower platform, one centenmsdln each slit. From these two experiments, ieappthat light
behaves as both a particle and a wave, and chatsels one to become based on the way in which wesh to
observe it. As will be shown later, the decisisrt@whether to observe the light as a particla wave can even be
delayed until after the photon has passed througliduble slit, and yet the photon will still "knbiow we are
going to observe it and behave accordingly, evéorbeve make our decision.
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Figure 10-1 Light passing through a double slithpiloduce an interference pattern similar to theyvia
which water waves passing through such a setupdidoethave.

Quantum theorists state that we are stuck witimalnility to describe the nature of light. All vmave in the
macroscopic world are waves and particles, not vggaréicles. It is therefore, they say, not evesgilde for us to
conceive as to what the true nature of light isvasave nothing to compare it with. We are lefsitaply view light
as waves when that is appropriate, and as partidies that is appropriate, and be satisfied witt thich we
cannot know or understand. In the following paagiys, we will take a brazen step forward, and fsge can't
perhaps understand quite a bit more than the gumethteiorists say we can.

When you visualize a wave, you probably imagiteach, with a continuous stream of lazy wavesnlli
in. This wave, however, is made up of many mikiar drops of water, each working together to nthkewave
train. One drop of water is not a wave. It magrand fall in a periodic fashion, or may propagaseard the shore
following the contour of the wave, but the wavelitss the collection of all drops which make up tlave train.
For a given drop of water to be a wave, it woulddéo spread out in width and length, in orderrtmdpce more
than one crest. In fact, a given drop of waterlmaigonsidered only as one point on the wavearihot, at any one
time, be both this crest and the one behind ihdrant of it, nor can it be itself and the poimbato it. Thus, a
given photon in the usual sense of the word cabea@ complete wave which goes through two diffeséitst and
interferes with itself. To consider this furtheonsider a single pulse of a water wave in a taittk tive double slit
apparatus as in figure 10-2.
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One wave crest produces a single peak of interference
Figure 10-2 A single wave pulse or crest cannotpie an interference pattern. Interference ocoungn

multiple crests coincide at the same point on &egrat the same time.

Note that this single wave crest is made up ofiong of drops of water, not one drop spread otmssthe
entire crest. As the wave peak propagates thrthgdouble slit, we will see a single point at whibe peaks of the
wave coincide, midway between the two slits, onftievall. Since there is not a continuos strednvave pulses,
the characteristic interference pattern (light dack bands) will not arise. Interference will acat one point only,
that point where the path lengths from the sinfiteésthe far wall are identical. The reason flois is that the
propagation of this wave pulse occurs at a constlotity along all paths. At any point where gfagh lengths are
not identical, first the wave through one slit vhiit the wall, followed by the wave from the otlslit. No
interference will occur. If we set the velocitytbfs wave front at ¢, we have the example of ahativistic photon
wave passing through the slit. Thus, when oneiderswhat is meant by treating photons as wavéseitlassical
sense of the word, one is not viewing a wave tnaih each photon, but simply a single wave pealt wsre,
propagating through the apparatus, and the intréer pattern obtained in this manner should in &p nesemble
the interference pattern actually obtained. Adyu#the usual picture of a photon invoked in quamtheory is as a
"wave packet," which is spread out slightly in spad his is actually a probability envelope, rattiem an actual
extended wave. In this model, the amplitude ofvtage at each point represents the probabilithefthoton being
at a certain point, or of having a certain spedth most of the probability centered around a spafedd Invoking
such a photon packet, however, only slightly altbesvalidity of the single photon argument presdrabove. Itis
worth noting that the wave-packets invoked in quantheory produce photons with a probability of/éiéng faster
than, as well as slower than, c, in conflict withdfein's second postulate.

The only way to obtain interference at any potihieo than directly behind the center of the twisdliom a
single wave crest is for the wave to follow onehpatta different velocity than the other path.this case,
interference would occur at different points, aralid either be constructive or destructive depegdim the ratio of
the velocities and distances involved. In thesitaexample of a water wave, we get constructiterierence when
the crests or peaks of two or more waves coineidd,get partially destructive interference wherepportions
coincide. When the crests coincide, the wavesaickto be in-phase. In destructive interferetitewaves are out
of phase to varying degrees. Two waves which 8Bedegrees out of phase will cancel each other tmeip, and
two waves which are 360 degrees out of phase aileftome full circle, and appear to be in phaséagd&/ithout
invoking specifically the picture of crests anduigbs in photon waves, we can state that we wikiobtonstructive
interference when two photon waves are in phagber@ise, we will get varying degrees of destruetiv
interference.

Recall that, according to Einstein's second pastulight travels at the constant velocity ofronf all
reference frames, thus interference from a singteqn as described above is not possible, sinferidi§ path
lengths would require differing velocities of thawe components, such that both components strikedteen at the
same place and at the same time. In fact, if onddcaccurately measure the time at which a phstartk a point
on the detector screen, comparing it to the tineeptioton was initially emitted, one could determiriéch slit the
photon went through without placing a detectorithiee slit, as we can see by looking at figure 10-3
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Figure 10-3 A single photon traveling at ¢ woul#édonger to follow the lower path than to folldwetupper
path.

In figure 10-3, it is clear that the time from a8ibn to hitting the screen traveling at a velooitg will
require that only one path could have been takethéyphoton, either the shorter or the longer pdgpending on
the trip time. Thus, if we know the exact timeeofission of the photon, and the exact time thaptteton hits the
screen, we can determine which path the photon ®madn though we have no detectors placed spdbifadang
either path. That it might be difficult to set sjpch an experiment is not important. Accordinguantum theorists,
merely having theapability of determining which path the photon took requités behave as a particle,
eliminating the interference pattern. Therefone, above revelation, that the possibility existdétermine the path,
even though it camafter many thousands of double slit experiments have peeformed all over the world, should
eliminate any interference pattern observed, dsineeapability to multiply the trip time by c to taln the path
length and thus the path taken has always beelablei Remember that the results of so-calleddigsd choice"
experiments indicate that the decision to deterrtiiegpath can be made after the photon has chosatha
presumably even years later.

Despite the above, the problems encountered igubatum theory are not in treating a photon asew
and a particle, but rather in the nature of theenvakiich is envisioned. Clearly a wave in the dtagsense isn't in
order.

Now consider the properties of a photon in theatamh continuum model of light. In this case, giteoton
is an extended particle or wave, which resembleber band anchored at the source and being ploltegrd with
a velocity of C which may, in fact, be infinite.lohg the length of this photon can be found a campbtraveling at
any velocity between zero and C. The photon is@aged with a given frequency which is the sameaah point
on the photon. Since the frequency is fixed, &edvelocity changes, then the wavelength associitadhe
photon must also change along the entire lengtheophoton, being shorter at the slow velocity congnts, and
longer at the faster components. This photon wavebe visualized as in figure 10-4. In the tolb dithis figure,
we see an extended wave, whose wavelength geesasingly longer with each faster velocity component
However, in this figure, the components travelitigtgly faster or slightly slower than ¢ appeab® 180 degrees
out of phase with the component traveling at andkes more sense to assume that the "phase"” whtreeis the
same at all points, thus it is perhaps betterdaalize the photon as in the bottom figure. I8 flgure, the photon is
made up of a stream of ever increasing wavelengttd) of the correct length for the particular eglocomponent
of interest, and each in phase with all the otleenmonents. In either case, it is important toizeahat figure 10-4
is provided simply to give one a mental pictureise when thinking about photon waves, and is riehded, in
either form, to be an actual picture of the wayhatpn wave actually exists. As Gunther Ludwigusigd inSpace,
Time And Mechanic8To claim that mathematical objects in a mathenahticeory (as part of a physical theory) are
also real objects is a deep misunderstanding afidere of a physical theory." Nevertheless, ikgal image
provided gives us a tool for thinking about the debr of "real" photons.
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Figure 10-4 A single photon wave has the same &eqy at each point, given by the speed at thattpoin
divided by the wavelength at that point. Additinaall components of a single photon wave are
in phase.

The wave depicted in figure 10-4 is a very unusiale, and is hot something that we would obtain by
tossing a rock into a pond, but it is not, as tharmum theorists argue, something which cannotriagined or
visualized, as the figure clearly demonstrates.ati#left now is to examine the properties of ffti@ton wave and
how it behaves in the particle-wave and delayedcehexperiments.

Consider figure 10-5, which identifies two po$sipaths through the double slit apparatus. Irtdpe
figure, a single crest of a quantum photon wavednggs on the double slit, sending two new crestsgapaths
which meet at the far wall. Since each generatidivistic crest is traveling at a velocity ofand the two path
lengths are equal, the two wave crests meet argtreotively interfere with each other. In the battfigure,
however, we are interested in what happens atrd pthier than dead center between the two slitheffar wall. In
this case, one generated wave crest has a muderstistance to travel, and, thus, arrives at tak efore the
second crest. The two paths of the photon dontetfere at this point either constructively ortdestively, as they
arrive at different times. The reason a water wareeluces an interference pattern is that thesecantinuous
stream of wave crests, each one wave length béféndther. In the second case above, it is easgddhat another
wave crest hitting the double slit just after thistfwould produce a crest which, traveling thertdrodistance, would
intercept the wall at the same time as the firsstcfrom the lower slit. In the case of a contumistream of constant
velocity waves, as long as the path lengths araraggd by specific multiples of wavelength, condiue
interference occurs, otherwise, destructive interfee occurs. However, quantum theory hinges emltfility of a
single photon to interfere with itself, so this bt do.
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Interference of a 'single’photon through a double slit, unequal path lengths - no interference

Figure 10-5

A single wave crest cannot producerfetence at a point other than midway betweerloe

slits.

Next let's consider a radiation continuum lightreia We have seen how a single wave front, tragelina
fixed velocity of ¢, such as is imagined in theatefistic theory of light, can produce an interfece pattern only
where various paths coincide in length. With arMRghoton, however, each photon wave front containgy
different velocity components, all in phase. Tiugswould expect that we should get interferenaaa@te than one
point. Such is the case, and we will begin by @Bring the case of light traveling through a singlit.

SINGLE SLIT PHOTON INTERFERENCE

Imagine a source of light shining through a rathege slit in a wall, and continuing on to a screeme
distance beyond. We must assume light of one cotdrequency, so that all photons have the sareegy or
frequency. As you might imagine, the point onsbeeen directly in line with the light source beesnbrightly
illuminated, while other parts of the screen rentmsically dark. As obvious as this situation sgatrprovides a
very good starting point for our analysis of vag@axperiments, so we will consider it in detail.

Frame A of figure 10-6 illustrates the case désttiabove. Each of the lines in this figure shones
possible path that the photon wave could takedotreéhe point directly behind the slit on the sarek fact, we can
imagine the photon wave as fanning out from theamwand then converging at the screen. The queesif course,
is why do these paths converge at this point ratier some other point, or why do they convergalat The
answer, as we shall see, is that this is the amilytpvhere all the paths constructively interfed.all other points,
the wave fronts cancel each other out almost caelgle
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Figure 10-6 Light appears directly behind a lardi¢ inn a wall because that is the point where aktin phase
components of a photon wave converge.

In frame B of figure 10-6, we have straightenetdeach path to the detector screen to show its/akbguit
straight-line length. One of the significant psiabout frame B is that each of the paths appestatbon a line
drawn perpendicular to the actual straight lindhgedm the source to the detector, or, more exptidrom the
detector through the center of the slit in the wdlhe length of each of these paths is relatebeédundamental
straight-line path from the source to the screethbyangle that each path makes with this fundasheath. If we
wish for each of these paths to reach the screthre aame time, then we must concern ourselvesfaster velocity
components on the longer paths. The velocity @éhcomponents is also related only to the angheefd with the
fundamental path, and the relation is identicahtd for path length. Now, each of these fastenmanents will
have an associated longer wavelength, as we sthe iprevious section and earlier chapters. Thaa|lahese paths
converge at the screen, we would see a collecfisravelength components such as is pictured inatidand side
of frame C in figure 10-6.

Each of these converging components will havefardnt velocity, a different wavelength and a eliéint
angle of incidence. However, if we rotate eacthebe components through the angle they form \wih t
fundamental path, some interesting things hapg@amsider one component only, at some defined d@nglee
fundamental path. The velocity of this componenthade up of two components related by the Pytleagor
theorem. One of these components is ¢, and ial@sy the fundamental path. This is why all théhp reach the
screen at the same time. The other componentp&pdicular to this path and depends only on tlyteanT he ratio
of the c component to the actual velocity is kn@asrthe cosine of the angle formed. Likewise, theelength can
be projected onto this fundamental line, also bitipiying by the cosine of the angle. This effexthe same as we
experience in, say, rotating a pencil. As the pesbeld in front of us, we see its full lengthyt as it is rotated, it
appears shorter and shorter, until we are viewihgad on and it appears to have no length. Fdr efthe light
paths in figure 10-6, the skewing of the velocityldhe shortening of the wavelength are identicahagnitude, and
both effects are related only to the cosine ofathgle through which we rotate the wave.

Thus, after rotating or projecting one of the dgent paths onto the fundamental path, we have the
equivalent of a wave front traveling at c, with #e&me wavelength as the component actually trayalirc, arriving
at the same time as the "fundamental" componehis i true for all paths in frame B of figure 10-8/hen we
skew the wavelength of each incident componentaimé C by the cosine of the angle involved, wdeftavith the
situation in the right side of frame C. All thensponents appear to be the correct wavelengthpp#ar to be
following the fundamental path at a speed of c,ahdre in phase. Thus we get constructive iaterice and a
bright spot on the screen.
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But why don't we see a bright spot at other paintshe screen? To understand this, consider fraofe
figure 10-7. In this figure, we desire for thehigo strike the screen at a lower point thangaifé 10-6. If we
extend each of the possible paths to their strdiightequivalent, we get the top portion of the gméan frame A. In
this image, a line is drawn perpendicular to thedamental path (a path which is arbitrarily chogeiong all
possible paths). If all path lengths began righttos line, we would have a situation similar igufe 10-6, where
all components would converge in phase and cortateli interfere. However, note that in figure IGome paths
are longer than the fundamental path while sonshorter. What this implies is that, even thoughcae find a
velocity component for each path which causesiie&mh the screen at the same time as every ddkierthe paths
are no longer in phase. Each path is a fractianwévelength ahead or behind the path adjacent &ince the slit
is wide, there are enough paths that the phasereiiftes go from zero to 180 to 360 degrees setimed. The
result of this is shown in frame B. Instead ofth# waves constructively interfering at the scremen after
projecting each component through the cosine oatigge made with the fundamental path, there asagmn
destructively interfering paths to cause the wawadtimately all cancel each other out--thus altmzslight is seen
on the screen at this point.

There are, however, several ways to cause lighppezar at this low point on the screen. One way i
make the slit very narrow. While it seems thas thiould just reduce the amount of light gettingtigh the slit,
which it does, it also causes the light to illunteha much larger area of the screen. Considerdij0-8. In this
figure, the slit has been made so narrow as tovadidy a few adjacent paths to get through. Irking at the top
portion of this figure, we see that these pathtlengre almost identical, except for tiny fractiofig wavelength.
Thus, as frame B shows, each of these paths irdsrémnstructively, and we find photon waves stgkhe screen
at this point. The further down we try to findHigon the screen, the narrower the slit has t@abadjacent
components become more out of phase as this amgykases. However, if we make the slit very nayiavd
release only one photon at a time, we are juskaly lto find the photon at a low point on the sras we are at any
other point on the screen, including directly behine slit as in figure 10-6.
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Figure 10-7 The components of a wave converging bigher or lower point on the screen are out cigd
and cancel each other.

Another way to cause light to appear at a lowéntpan the screen is to block out just those puathish
cause destructive interference. This is accomplists in figure 10-9. Looking at the top of thigaife, we see that
the paths which remain in tact are separated Braspecific distance. This distance is choseh st the
difference in effective path lengths for the comgatis which get through the wall differ by integaultiples of the
fundamental wavelength. In this way, each intémfecomponent is out of phase by exactly 360 degraed thus
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appears as being in phase. All paths thereforstagrtively interfere, and we see a bright spahistpoint on the
screen.

B %%%

Figure 10-8 If the slit is narrow enough, light xdippear with equal probability at any point on thereen.

If we move slightly above or below this point dretscreen, the path lengths will no longer be stpdrby
an integer multiple of the fundamental wavelentfik, paths will destructively interfere, and we widlt see light at
that point, or we will see much less light, depagdin the degree of interference. Also, if we cjeathe frequency
of the light, the points on the screen at whichstarttive interference will occur will change. thie path lengths at
one point on the screen are separated by an integaer of wavelengths for one frequency, they béllseparated
by fractions of a wavelength for another frequenEwpr this reason, if we were to shine white lighhjch is made
up of all colors or frequencies, through such gueaatus, we would see a rainbow effect on the acré¢ the point
where red light constructively interferes, for exden blue light would destructively interfere, arduld not be
seen. This is the effect one sees when viewirmngact disc at an angle. As the white light Hies disc, which has
many closely spaced grooves, or slits, red lightstmictively interferes at one angle, while blugjgw and green
light all combine at different angles. This tydedevice is called a diffraction grating, and ihdae used to cause a
particular color or frequency of light to refledf a surface at almost any angle one chooses.
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Figure 10-9 If multiple slits are properly spacewnstructive interference will occur at clearly ohefd points
on the screen, which are dependent on the distiiooethe source to the screen, the frequency of
the light and the spacing of the slits.

This last example provides our first taste ofdbeble slit experiment--where we see wave intenfegeas
light passes through a wall with two closely spasid. But this is only half of this story. K the other half of the
story--what happens when we try to decide whidhesfihoton "particle” goes through--that gives appty
paradoxical behavior. However, before we study #xperiment, we must first gain a little insighti the nature of
photon detection and absorption.

PHOTON ABSORPTION AND DETECTION

How is it that we "detect" a photon? To beginhwit is important to note that we can detect atphonly
by virtue of it's being absorbed by an electrome Thange in state or energy of the electron camlie monitored
or recorded, and we are therefore aware of theepoesof a photon, whether the detector is an eleictr
photodetector, a phosphorous screen or our own déyesn though we design an experiment to deteatiopis with
given properties, we will not detect every photdrick matches those properties. No detectors aaénondred
percent effective. There will always be some phstahich betray our detectors and continue aloai ttay,
unperturbed by our experimental setup. Secontiy,not completely feasible to provide an experimghereby
one photon at a time is released for study. Thislevrequire exciting a single electron in a sirgfiem, and then
allowing that electron to emit a single photontasgturns to its initial state. Hopefully this gbo would have all
the attributes we require for our experiment, nigtabspecific direction, but this would not likebe the case. To
digress a little and get a feel for the numberghaftons involved in even a simple interaction, testhe
following. We are in a room full of various obje@nd pictures hanging on the walls. We set um@eca at any
point in the room, pointing in any arbitrary direct, then darken the room and open the cameraeshuttow a
single pulse of a strobe light is released fromcieter of the room. When we develop the film,see a picture of
whatever the camera was pointed at. This reqtliashe single pulse of the strobe light emittadugh photons to
illuminate every point in the room. As large ais thumber seems, it is only the beginning. Sineecauld set the
camera up anylocation, and point it anyobject, then enough photons from that pulse must hi each point
in the roomto cause each point to in turn emit enough photote seen from any other point in the room! thneo
words, if we were to draw a line from any pointtie room (points being separated by as small aristas you
care to imagine) to a point on any object, theleadt that many photons must have been emitteddtyobject
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during the experiment. This requires that thabpon the object must have been bombarded by sit tleat many
photons from the strobe burst. Similarly, evetyaopointin the room would have been bombarded by as many
photons as well. Each of these photons would baiginated with the initial burst of the strobeHtgnot entirely
true, since each re-emitted photon acts as a sofiittemination, but the numbers are still minddotingly large).
This is no small number of photons, even thoughdtimation of the pulse is indeed very brief. Nowagine trying
to devise an experiment whereby we release a gaigi®on in a preferred direction. It is not anye@ask.
Regardless of this practical difficulty, we muskneonsider what happens at our detector or sord¥em a photon
does strike it.

No matter what type of detector we use, the detenust interact with the photon in such a wayoasatuse
an electron to absorb the photon's energy. A grdptector involves a screen which, when a photengiven
frequency strikes it, absorbs that photon and eamitgher, thus illuminating that point on the soce# the screen is
bombarded with enough photons of the correct aqy, the entire screen will become illuminateémifarly, if a
single band is bombarded, then that band will becilmminated, and the rest of the screen will remidank.

Now, we must consider what happens to a photonigsibsorbed by an electron. Recall that a phistactually an
extended wave (though not a wave as we are accedttnthinking), anchored at its source and mofangard
much as an elastic being stretched while anchdredeaend. As the photon encounters the elecgivan that it
has the correct orientation and the correct fraquat the velocity component required by the etectthe entire
photon will be absorbed. Thus, at the point ofriattion, the entire photon wave is instantanecais$prbed, and
collapses at that point, as illustrated in figubelD. Given that the entire photon can be inggaatiisorbed, and that
theoretically, if it can avoid absorption long egbuits length may be many hundreds of light yeiaisecomes
immediately obvious why the upper velocity limit@fapproaches infinity. Since we have throughbistlbook
dispensed with the idea that c represents some wppee of attainable velocities, this should ppeémmediate
problem. In fact, as we will show later, it allott®e explanation of many "action at a distance’bfgms
encountered within quantum physics. Secondlyjrtftemation about the photon pertaining to momentum
polarization, etc., is maintained to some degrabémabsorbing interaction, and is passed on talbiserbing
electron. When the electron then gives off anogieton in place of the one absorbed, it ofteniesuithe same
properties as the original photon, except thaegibs anew, anchored at the source of emissiostagtthing forth
at a maximum velocity of C.

C
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.t3 Singly Absorbed Photon at times t1, t2 and t3

Figure 10-10 When a photon wave is absorbed, ttieeemave collapses at that point.

To summarize, consider the following four propestof a "photon wave" which we have postulatedhis t
section.

1) A photon has a characteristic frequency andnisted from its source at all velocities from zéocC,
resulting in a wave train represented by figuret10-

2) When a photon is absorbed, the entire wave gs#ia at that point, as in figure 10-10.

3) When a new photon is emitted, it generally egrthe properties of the absorbed photon at the pbi
absorption.

4) The new photon is again a wave, this time areghat the point of emission and traveling fortlalat

velocities from zero to C.
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Armed with these ideas, we are now ready to attaeklouble slit experiment, and determine why phet
appear to sometimes behave as waves and otherlighase as particles.

The Double Slit Experiment

You remember the case of the experiment with thdoles? It's the same thing.
Richard P. Feynman

The reason | keep referring to the double sliteekxpent is that Richard Feynman, the author of Quan
Electrodynamics (QED), once said that, "Any othtragion in quantum mechanics, it turns out, cavegbk be
explained by saying, 'You remember the case oéxiperiment with the two holes? It's the same tHing

We have been talking about how interference ocatiaspoint when different velocity components of a
wave take different paths, but then meet at a putirere, when superimposed on each other, the twpanents
match in phase, thus causing constructive intemfare Photon wave components passing by eachiotbpace do
not interfere. The components cause interferenteat the point of absorption, if they happen dincide at the
same point and at the same time at which absorptioars. But what is the nature of this interfesh There are at
least two possibilities, and perhaps many more.

« An electron absorbs what to it appears to be taiqns, each with identical frequency, energy and
orientation.

« An electron absorbs the properties of the two mgipig components of the same photon, causing that
electron to emit a new photon or photons with to@es properties, which, in this case, would appeaet
two new photons in place of the one self interigmoton absorbed.

Note that in each case, the end result is theaappee that two photons were available for absamptihile
in fact only one photon was emitted from the sour€he important part of the above discussionésfttiowing
corollary to property two of the previous section:

If a particle is in a position to absorb multiglemponents of the same photon as if it were twen #ach of
the photon's components will be absorbed, and tbéop wave will collapse around the absorber &s if
were two photons. The same can be extended to amangonents of a single photon, but the probability
of exact coincidence of all parameters becomegasingly remote with each added path.

We could also imagine a situation similar to tlgdiegen atom in a gravitational well which we sadli
under the effects of gravitational potential onck& In this case, the gravitational potentialrgpeaused the atom
to be susceptible to a different frequency thanthierwise would be. Since a photon is generaflyagented as
radiant energy, it is easy to see that construgtiméerfering convergent paths would provide tligliional energy
necessary to increase the likelihood of recordimgide photons. Likewise, destructively interferpaths would
reduce the available energy for any detection tuncSince a certain, well defined amount of epésgequired for
the detection to occur (given as the product oh&{& constant and the frequency), then convengigtive and
positive energy paths would reduce the total enavgjlable below the detection threshold.

Fortunately for these discussions, the exact aaifithe photon-electron interaction in the case of
constructive interference need not be understdlat is important is that certain parameters naggtd velocity,
frequency and orientation be such as to allow gdtsor in the given environment. But in the caséntdrference,
we are dealing with different velocity componenitéow is an electron able to react with a compoteveling
slightly in excess of or below the speed of ¢, wiverhave determined that all such interactions mppear to be at
a velocity of ¢ from the reference frame of theayher?

We have seen earlier how the nature of the hydragem caused a clock based on the absorption
characteristics of that atom to slow down when i motion relative to another such clock. Tgiven atom is
susceptible to a range of values in these paramistevidenced again by the hydrogen atom. Réallthe
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absorption frequency of this atomcisnteredaround 1420 MHz. The reason for this is strafghtvard. Assume
the atom is expecting a perpendicularly inciderdtph with a velocity of ¢ and a frequency of 14281: Now a
photon coming in slightly off the perpendiculasatne angle, with an appropriately skewed veloaity fiequency
will be indistinguishable from a perpendicularlgigent photon at the correct frequency and a vgladic. From
the hydrogen atom's reference frame, such a skphetn would be absorbed exactly as if it wereptheton the
atom was looking for. From our reference frameyéner, the frequency absorbed was slightly highdower than
the ideal center frequency of 1420 MHz. Therelimi to how far askew the incident wave can bd atill cause
the required interaction, and, thus, the rangeeazfifencies which can excite the atom drops offitgzis we move
to either side of 1420 MHz. The allowable ranfjargyles or incident frequencies is obviously acfion of the
atomic structure, and as such is beyond the scbipe aliscussions here. Now back to the doubleegperiment.

Figure 10-11 illustrates several ways in which ttemponents of the same photon can move through the
double slit apparatus. In frame A, each compoigeinaveling at a velocity ¢, and strikes the soraethe same
point. Clearly there is constructive interferehege. The same is the case in frame B, excepthisaime, the
angle is just the right amount to allow faster comgnts and longer wavelengths to coincide in phstsethe lower
velocity components. For this to occur, the défege in path lengths as projected the cosine ofahgle, as
addressed earlier, must be in multiples of the dnmehtal wavelength of the incident light. Thusthi® screen upon
which the two components are incident, the lowengonent may be projected exactly on to the uppepoment,
as in figure 10-9. This component then appeakgetan exact copy of the "wave front" coming from tipper slit,
thus causing constructive interference.

In frame C, the two path lengths are not multigiethe fundamental wavelength, and, thus, the gnttgs
of the two components are not identical when thidiesthe screen. In this case, only one or themwbr neither of
the incidences will be recorded, and constructiverference will not occur. In fact, it appearattthe destructive
interference actually reduces the probability ¢fiesi component being absorbed. Likewise in figoyé the lower
path were traced to intersect at the screen aaime point as the upper path, to produce an effeict figures A and
B, the two wave fronts would not project exactlytop of each other, they would be out of phasee djppropriate
velocity components would not match up in phaseesthe path lengths and angle are not such asrelate to
integer multiples of wavelength. To the atomshia $creen, depending on the level of interfereoicly, one of these
"photons" would have the proper characteristidseé@bsorbed. Or perhaps the negative energy auased by the
out of phase component would cause the availatdeggrio be too low to allow for any detection. efither event,
the end result is the same. We see bright bandsawhe path lengths are made up of integer mestipf
wavelength, and darkness where such is not the case At this point, even though we don't have a djpeci
understanding of how an electron differentiatesvben a single photon, such as might pass throwgteslit
apparatus, and constructive-destructive interfexdéram two slits, we do see where the interferearéges. There
are many possible models of the photon-electraraation which can explain why a single interact®different
from a combined interaction, but, as we have ssach an understanding is not required for theslysem With
this in mind, we will defer such an understandimduture studies, and continue on with an analysguantum
paradoxes.

While we have shown why an interference patterarges on the screen in the double-slit experintlist,
is only half the problem. If the photon actualtyeg through both slits, or even only one, we wdilklelto be able to
know which is the case. When we perform the expent with water waves, we can actually see the wavel
through both slits and interfere with itself. Susmot the case with light. In order to determivigch path a photon
takes, we must place photon "detectors" in the pathe photon. The easiest way to do this islaoethe detectors
in the slits themselves. In this manner, if a phdikes one path or the other, or even both, botop detectors
will click, and we can record the path taken. &osb good.
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Non-Coincident Interference

Figure 10-11 Another look at constructive and desfive interference in the double slit experiment.

When we actually place the detectors in the patheophotons, an amazing thing occurs--the interfee
pattern on the screen disappears! As soon astwg ske experiment in such a way as to "see" tioégn waves
traveling through the apparatus, the photons ngdobehave as waves. They now behave as partidies
through one slit or the other, and collecting maréess directly behind the slits on the screerghmas in the pile of
sand example used earlier. What happened to thdarence pattern? The answer lies in the phdétectors
themselves.

A photon detector is not a magical device. Ineoffdr it to detect a photon, it must interact witie photon
in an obtrusive manner. In the simplest form, n®Ives absorbing the initial photon and emittargpther in its
place. Thus we know a photon has gone throughietector because we can read the increase in eremdyve
then send another, basically identical, photontsipiace. An actual photon detector, known asaqohultiplier,
uses the incident photon to knock loose a singletedn. This electron is then drawn toward a pasit charged
plate, gaining kinetic energy as it acceleratesatovthat plate. Thus this one electron knocksd®®veral electrons
from that plate. These electrons are then acdelbtaward another plate, where even more elecaom&nocked
loose. Eventually enough electrons are availabfgdduce a sizable electric current which candsaluo make a
speaker click. The sound of this click can thdarim an experimenter that a photon has been deltecte

Now, imagine the photon wave components from glsiphoton as they are making their way through the
double-slit apparatus. With no detectors presbatcomponents make it through both slits and bie ta interfere
on the screen as described above. The photon @&bsorbed until it hits the screen, and it is ttet sometimes
multiple components are absorbed as self intedesiaves to varying degrees of destructive and coctbie
interference. Whether the photon interferes wighlf or not, however, the entire photon is abstnvben it strikes
the screen.

Suppose we now place a photon detector in eattieddlits. Assuming a high degree of accuracyin o
detectors, we will, of course, detect a photonthee one slit or the other, and never at both. ewthe photon
interacts with the detector, the entire photorbsoabed. There is no longer a component of thiggrhtraveling
through the second slit which could later interfar¢he screen. What happens instead is thattarlgmew photon
is emitted in place of the original. The behawbthis new photon has already been discussedsameisccribed in
figures 10-6 and 10-7. The photon will be detectadhe screen almost directly behind the slit lsittvthe original
photon was detected, as in figure 10-6. Any offah contains too much destructive interferenceyviadenced by
figure 10-7. If we repeat this experiment with mamousands of photons, we find that about onedralfdetected at
one slit, and subsequently on the screen behiridlihavhile the other half are detected at theosel slit, and on
the screen directly behind that slit. Suddenlyhare results mimicking particle behavior, such assaw with the
two piles of sand.

Thus there is no paradox in this experiment at Blie original interference pattern disappearsioetto
any spooky knowledge the photon has about our @rpat, but due to the fact that we change the éxgeit mid
stream. Without the detectors, several compor@rdssingle photon wave can make it through bath, sind then
converge on the screen with varying degrees offarence. While the photon might be detected bsoebed, at
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any point on the screen, the probability, and fheguency, of detection is much greater in thertjedefined areas
where constructive interference occurs.

If we place detectors in the slits, we no longeréhthe same experiment. Once we place the detgoto
those occasions where they actually detect a phtiteroriginal photon is absorbed and a new exmarirbegins--
the emission of a photon from the detector. Thistpn does not travel through both, or eitherhefdlits in the
wall. It is simply emitted from the detector towarthe screen, and behaves accordingly. Likewhseresults of the
experiment behave accordingly.

Note that | mentioned the importance of the detscactually detecting a photon. Suppose we have
detectors which are only fifty percent effectivée can repeat the experiment ten-thousand timesingt with the
emission of a single photon each time. If we rds®parately the results of those cases wheretarplsdetected
at one of the slits and those where no photondaected, you can probably guess the resultsadh ef the cases
where a photon was detected, the photons seenti¢ataamn the screen directly behind the detectdfrsve plot out
the points on the screen where the undetected péstouck, however, we will be left with our farailiinterference
pattern. The same effect will occur if we put thefficient detector in only one slit. For thosistances in which a
photon is detected, photons will appear to colbecthe screen directly behind the slit. The phstwhich go
undetected will exhibit an interference pattern.

Recall that in the study of clocks placed in motiwe saw how an obtrusive measurement altered the
experiment. When Alice recalibrated a clock tosstéal her reference frame, hers became the rasefia that
clock. This marked the end of the original expentnand the start of a new one. If Alice didmkér with the
clock, but simply watched the elapsed time, theeeirpent remained unaffected. In the case of thequh
experiments we have been considering, we mustrtimite the photons in order to observe their bebaviT his
tinkering marks the end of the original experimand the start of a new one, thus the results diffen the no-
tinkering case. While Alice was able to obsenedlock without altering it, there is no way fortosobserve a
photon without altering it--in this case, absorbingompletely. Only when we ignore this tinkeridges an
apparent paradox arise.

In order to get around this issue, different ideage been proposed. One of these is the so-a#leged
choice experiment. Such an experiment assumesmallow the photon to interfere with itself firand then
observe which path was taken. A close look atddriiese setups reveals that, although the equipmay be quite
elaborate, we are again back to the situationdestribed--"you remember the case of experimett thvé two
holes? It's the same thing."

The Delayed Choice Experiment

There have been other variations on the doulilexgleriment which attempt to prove the existerfab®
wave-particle paradox. While several experimeatgetbheen performed, they all basically follow tine @utlined
here. The general idea is that if we let the phgi through the double slit first, and don't I@kvhich path it took
until after the fact, we should be able to get wimterferenceand particle behavior in the same test. One possible
setup for such an experiment is shown in figurel 20-

In figure 10-12, vertically polarized photons areitted from a source one at a time. These phdtmms
head toward a half silvered mirror. At this mirrabout half of the components of the photon waags straight
through, while the other half are deflected at tyiregrees to their original path. Along these sgparate paths,
the waves next pass through a phase shifter, wtilche discussed momentarily. From here the wareunter
and pass through a vertical polarizing filter. ekies of mirrors places the waves on close, padigditns, where they
enter a modified prism. If wave components et prism in phase, they combine and continue g@htdon
detector D. If they combine out of phase, or @tltome in from only one path, the photons areedédtl to detector
C. The entire apparatus is aligned carefully stmansure that all photons going through the systeerfere in
phase and are thus detected at D. When the appasgiroperly calibrated, detector D goes off gtiene, and
detector C never goes off. Now on to the reshefdgetup.
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Figure 10-12 One possible setup for the so-calleldykd-choice experiment.

The phase shifters in figure 10-12 can be eleatatly switched so as to change the polarizatiothef
photons from vertical to horizontal. If the phasaare horizontally polarized, they will be refleti®ff the vertical
polarizing filters toward detectors A and B. Witie phase shifters on, the photons are alwaysteetat either A
or B, and never at both A and B. It is argued,timathis case, the photon either goes straiglotudn the first mirror
or is reflected by it, but not both, thus the ifgéeznce, which would be evidenced by a photon ajmgeat A and B,
disappears. The rationale is that if we are altbteeknow which path the photon took, it will alvgatake one path
or the other, but not both. Again, the interfeeeappears only when we choose not to determinehwyiith the
photon took. Now for the delayed choice twist.

The phase shifters in figure 10-12 can be turmedral off very rapidly. In fact, they can be sWwéd in
less time than it takes light to travel from thestfimirror to the shifters themselves. Thus, uridercontrol of a
random number generator, the phase shifters caanolmly turned on or o#ifter the photon components have
already passed the first mirror. Having passeglrthiiestone, if the phase shifters are off, wedgd¢ctions at D,
indicating interference, and wave components takity paths. If the phase shifters are on, welgggction at
either A or B, indicating no interference, and,qumably, photon components taking one path or timer pbut not
both. The interesting thing, if this analysis @rect, is that the photon has to "know" whethetat@ one path or
both paths, and do so, before the computer deeilether to turn the phase shifters on or off. pheton is able to
predict how our computer will behave, and act @t thknowledge," even before the computer itself esaks
decision. This "paradox” or predictive abilitymliotons has been verified many times, but, as &t ston see,
there is actually nothing confusing about the situaat all.

From the previous sections we saw why we getrttegference at the prism, and thus detections athen
the phase shifters are off. Now, imagine thatphase shifters are on, or that they will soon lpeetd on. As the
experiment begins, as always, half of the photanpmments travel through the first mirror, whilefreddle deflected.
As these components near the phase shifters, teaymed on, and the components are deflectedtainewusly
toward detectors A and B. Now, as these comporagqgsoach the detectors, either the component ihgaolivard
A, or the component heading toward B will actudléydetected first. By detection, of course, wemtba photon
will be absorbed. As we know, the entire photolh g instantaneously absorbed, thus there wihdeomponent
left to trigger the other detector.

At this point we must reiterate the fact that pheton detectors are not very effective. Most phetwill
not be detected at all. The fact that we havedetectors increases our likelihood of detectindp@t@n though. In
fact, it doubles it. The ineffectivity of our deters is predominantly responsible for the fact thilaen we do detect
a photon, we detect about one-half at A and onkah@. Otherwise, if the detectors were one-haddsercent
effective, and the path length to A was slightlggér than the path length to B, we would see alrabbsietections
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at A, since the components traveling that path dawfive first. However, if the detectors registbrsay, ten
percent of all photons, then the number missed bydthus available for detection by B would beastras great
as those approaching A in the first place, and welavexpect the detectors to go off almost equdliyan attempt is
made to keep the distances to A and B as equalsssiyle, then even highly effective detectors waddff almost
equally, since a photon traveling the two pathsldidiave an equal chance of reaching A or B first.

Thus, there is no paradox, or predictive naturtaéophoton. The entire problem rests in the wayhich
we choose to interpret the results we obtain. Gleiiom the above, if we are very careful to ddes the actual
details of our apparatus, and the behavior of tiwgn within that apparatus, all paradoxes disapp€&here is in
fact no delayed-choice involved at all. The phslséiers are switched before the photon compormeatsh them,
and these components are then either reflecteti@fiolarizing filters, or are passed through theéepending on
the status of the phase shifter at the time thepooents go through them. All choices are madeluaace, and all
responses of the photon components are compledabistent with the status of the equipment atithe.t

Schrodinger's Cat

Objective reality doesot have any place in our fundamental descriptiorhefuniverse, but action at a
distance, or acausality, does have such a place.
John Gribbins|n Search Of Schrodinger's Cat

Schrodinger's cat is, thankfully, a mythical ¢aitjally proposed to provide an example illustratihow
ridiculous some of the ideas of quantum mechan@®wThe hypothesized test goes something lilse thicat is
placed in a box with a radioactive source, a vigdaison gas, a Geiger counter, and a hammer téggey the
Geiger counter. If the Geiger counter detectsmanga ray emitted from the radioactive source, it eduse the
hammer to fall and break the vial, thus killing ttet. The parameters are set up such that, faiutration of the
test, there is a fifty-fifty chance that the Geigeunter will trigger and that the cat will be kidl.

Now, the experiment is performed, but the expenieies have yet to open the box and determine &tesst
of the cat. Quantum theory tells us that, untl ¢t is observed, it is neither dead nor alivéjdinstead in a
superposition of states--a dead-alive cat as iewdihe idea is that no observable characteriatitgally exist until
they are observed, presumably by a conscious odaseBebate still lingers as to whether the cat/ls o
consciousness is sufficient, and the experimenbbkas proposed in other ways, such as using aor anihuman.

The fallacy in Schrodinger's cat arises in theesamnner as we saw when considering Alice's effethe
clock thrown to her by Bob. It is not simply thet af observing the clock which causes the changeference
frame or state of the clock, but the fact thatslagle an obtrusive measurement. In the case ob&icger's cat, the
nature of we, the laboratory observers, does rter émo the picture at all. Nor does the naturthe cat. The
obtrusive measurement in this case is made by #igeGcounter, which absorbs the gamma ray, thusirog the
release of the poisoned gas and killing the céie dvent, if it occurs, occurs whether are not keetlaere to observe
it. The problem with the quantum theorists, assew earlier, is thall of their observations are obtrusive, thus they
assume that they, the conscious observers, catlsnge in the state of nature, and that, withaeit thtervention,
nature itself has no objective reality. Sincedbeable-slit and delayed choice experiments seemyity that
photons and elementary particles choose to behasexton the way in which we view them, the conoluss that
they have no objective reality until we make oums@gements.

We have seen that the apparent paradoxes in¢lpseiments are do to the fact that we must coralylet
absorb a photon to observe it--thus we begin aexg@griment with each measurement. We have alsotbatthe
detectors we use are sufficient to due the degatinobserving, and thus change the experimenthsher not we
actually watch the outcome. Such is the case S3dtirodinger's cat. If the radioactive source empsrticle, and if
that particle reaches the Geiger counter, thegdhés dead. Otherwise, the cat is alive. WHik probabilities still
exist, the Geiger counter itself is sufficient é@termining the actual results of those probaéditi The entire road
to this strange interpretation of reality--the raettich led to Schrodinger's cat--can be tracedctliréo Einstein's
second postulate.

Consider what is called the local realistic vielthe universe. This view is based on three assonmg or
postulates:
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\Y There are real objects that exist regardless oftvenave observe them
\Y No influence can travel faster than light (a resfilEinstein's second postulate)
\" It is legitimate to draw general conclusions frommsistent experiments

Quantum physics has demonstrated again and dgithe local realistic view of the world is fals€hus,
at least one of the above postulates must be féls=have shown throughout this book that it issbeond
postulate above, drawn from Einstein's own secarsiiytate, that is wrong. By eliminating this pdate, we have a
local realistic view which is at once consistentwguantum mechanics. In other words, there igopm for the
constraints imposed by Einstein's second postaladespecial relativity in either a local realistiew of the universe
or in the world of quantum physics. Why pick or 8econd postulate, and not one of the other foiMmsest
physicists today tend to leave the second postirgitace and attack the first. There aren't mattgcks on the
third, as this would leave those same physicistisout a job. This argument, that objects or evhate no
objective reality until we observe them, is, intfabe result of the so-called Copenhagen inteapicat of quantum
theory. Unfortunately, it is the act of keeping gecond postulate in place that results in thenisegy bizarre
behavior of photons in double-slit and delayed ch@xperiments, and leads to John Gribbins' stateat¢he start
of this section. As we have seen already in thapter, if we relax the second postulate, the Besie of these
experiments vanishes. There is, of course, anettemnple of why the second postulate should bedudreed, and
this was demonstrated in an actual test of a thoexgieriment known as the EPR paradox.

The EPR Paradox

The key to understanding the "EPR paradox" requrbrief statement of the Heisenberg uncertainty
principle. This principle states that certain ditas or properties of an object come in completagnpairs, and
that it is impossible to determine a precise vétueach of the two properties exactly. For examiflwe know
exactly the position of a particle, then therdribgrent in the physics, a certain uncertaintyhat particle's
momentum. This is not a limit to our ability to aseire these quantities, but is a fundamental waiogrtin the
particles themselves.

We can create pairs of correlated particles, whielans if we know the momentum of one, we can
precisely deduce the momentum of the other, aveiknow the position of one, we can precisely dethe position
of the other. Since the Heisenberg uncertaintygiple disallows us from knowing both propertieag particle
precisely, the paradox arises.

Albert Einstein, Boris Podolsky and Nathan Roseppsed such a test in what came to be known as the
EPR paradox. If we measure the momentum of otieesk particles, then the position of the secomticiamust
become ambiguous. This property must hold evéreiparticles have separated a great distances, ftwe
decide to measure the momentum of one particlesghend particle must instantly know to have anigotus
position. Likewise, if we measure the positiortrad first particle, the second must instantly krtowave an
ambiguous momentum. The problem, of course, isthiese particles must somehow know how to behave
instantaneously, implying information transfer ktess of the speed of c. Obviously Einstein cowaldaccept such
a proposition.

Actual tests of this "paradox” have been carried @everal times using pairs of correlated phatand,
most notably by Alain Aspect, using correlated etats. The results clearly demonstrate that thers# photon or
particle does know what we are doing to the firBlis experiment demonstrates a confirmation oftdewton was
initially uncomfortable with in his own theoriesetin at a distance is real. In other words, tlameears to be no
doubt that some type of information is shared imstaeously by these widely separated pairs, irctd@entradiction
to the second postulate.

In order to recover from these results, peopletmmoeposed that there is no real problem here usecae
cannot use this property to build a radio or tadsamy useful information from one human to anothéowever, this
is not what Einstein said. His postulate impliedtho information could be transmitted faster than theesl of c.
The Minkowski space-time diagrams, designed tatithte Einstein's theory graphically, show areaishwtequire a
signal traveling faster than c to be reached labate"absolute elsewhere." This absolute elsewhgrkes that
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nothing which occurs in that area can hamgimpact of any kind on the other areas of the diagrand vice-versa.
The Aspect experiments and others prove this ctintefalse.

Recently, similar tests have been carried ouhtavsthat a macroscopic quantum device responds
instantaneously across its entire length to a diafwce at one end. The far end responds fasteicthdd be
possible if information about the disturbance hattdvel at a speed of c. Based on the resultsiofest, a larger
device has been proposed which can actually betoseansmit information along the length of thevide at a
speed in excess of ¢ (in fact, apparently at itdispeed). Though the device would be too smdiktof practical
use, it is obvious that it can be used to sendulsdgbrmation from one human to another, in exagfsSinstein's
information speed limit.

We can return to John Gribbins' statement at gggniming of the previous section, and conclude ltleas
wrong on two of three counts. First, as Gribbiaisl saction at a distance is real, and thus, thdified second
postulate of RCM theory is supported. Howevergotiye reality does have a place in a fundamemstption of
the universe, and acausality does not. Actiondist@ance is synonymous with acausality only ifageept the
relativistic second postulate, otherwise they amelated concepts. Action at a distance becongem#tantaneous
effect of a remote cause. Clearly, the secondufaiet upon which the entirety of the special aedagal theories of
relativity is based, is wrong.
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