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Summary

Writing a software animation of the EPR experimas been instructive. If one assumes that
particles need to exist before they are measunecartimation shows that the incorrect result
of 2/3 isinevitable However, when running the proces8ackward Orderthe animation
produces a correct result of 1/2. This simple anound, allowing the measurement to
precede the particles to be measured, not onlyugesda correct result. | argue that it actually
makes sense too. When viewing an observation frenobserver’'s viewpoint, even reality, in
a way, appears in backward order: the observatignat you see”) precedes the

interpretation (“what you think”).

Viewing the world in Backward Order (only tempohaiof course) seems to resolve the EPR
paradox. Moreover, it clarifies how crucial the eh&r’s role is in the observation process.
Finally, viewing the observation in terms of “whatu see” and “what you think”, allow for
guantifying both entities in the observation pracéhis is illustrated in a second animation
where a probability wave collapse is viewed asaaltbetween the two information entities,

immediately followed by bit stream reconciliation.
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1. Introduction

| am a retired programmer having philosophy andsgisyas a hobby. About a year ago | was
reading an article about the EPR experirhdfinally, after several earlier attempts, | rezdiz
why the experiment is so strange. Any calculatideyyanan would do ends up with a result of
2/3 whereas the measured result is always 1/& éfiéghtened but at the same time
confused. Why is a problem so broken down, andrsplgied, not already solved? | came to

think of a programmer’s bug hunting.

Programming is about writing codes and finding buifysen ordinary sized programs easily
become so complex that it is almost impossiblediotpout the bug directly. Then a common
way out is to “divide and conquer”. Think of a nkeeih a haystack. Then split the haystack in
two halves and check in which half the needle epdat and split the remaining stack in
halves until the needle becomes visible. The lassiple iteration would be on one grass

straw and one needle.

To me the EPR paradox appeared as a needle andgadss straws. The expected value was
2/3 and the measured value was 1/2. The problenmmeas like: “why do we expect things to
happen which clearly do not happen?” and “whawaesupposed to stop to expect?” Then |
thought: if | translate the paradox into a comppt@gram, would it be possible to remove

the remaining straws and find the needle?

! “Is the moon there when nobody looks? Reality #redquantum theory”, by David MermiRhysics
Today April 1985.

.\EPR\documents\ Backward_Order.doc 3



2. Model of the EPR experiment irPhysics Today
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Figure 1 shows David Mermin’s modelfthysics Todayhat is used to explain the EPR

experiment. Device C shoots two particles in opjeadirections. Two detectors, A and B,

intercept the particles and measure one randortégteel property, of three possible. The

detectors select properties independently. Depgramfirnthe property value, a green or a red

lamp will flash on each detector.

A measurement consists of two digits and two IsttEor example, 32RG means that detector
A has selected property 3, and detector B properhetter R means that the red lamp flashes

on detector A, and letter G that the green lamghita on detector B. The process is repeated

and measurements are accumulated.
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3. Software animation of the EPR experiment
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Figure 2.

Figure 2 shows the animation program mimickingrtiaelel

inPhysics TodayThe upper

window shows the shooting device and the detecltrs.lower window may show various

aspects of the animation; in the figure above toeimulated measurements are shown.

FE...m————
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31 119 115 111 105 = 450 11.3%
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Figure 3.

Figure 3 shows a result from 4000 shots. The tatliemns

rows the selections. The pie chart shows the abtributio

show the color outcomes and the

n. Particles and selections are

generated randomly, which explains the almost elsmnibution in rows and columns.

For randomly generated particles approximatelyof#he outcomes are GG or RR.
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4. Color distribution for correlated particles when paradox is turned on
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Figure 4.

In figure 4 the Correlation checkbox is turned Gorrelation has the following effect: if the

same property is selected in both particles, ther ée always the samieAs a consequence,

columns GR and RG are zero for rows 11, 22 andh 334 table. Instead, all outcomes are
routed to columns GG and RR. The effect of coriataits an overweight of GG and RR.

For correlated particles and paradox on, the ouésoof GG and RR are approximately 2/3.

2 The model irPhysics Todayassumes that measured properties in correlatéidles have the same

color. However, in the laboratory experiment, theperties have opposite spin.

.\EPR\documents\_Backward_Order.doc

6



5. Particles must have identical properties in Ojective Reality
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Figure 5.

In objective reality all particle properties ars@sed to have values even when they are not

measured. Figure 5 shows four snapshots of thiglesrtvhen they fly towards the detectors.

In objective realitywhere two particles are spatially separated, amefethe properties are

selected randomly, correlation dictates that Ipathicles must have identical propertiéb

not, the correlation will break.
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6. Inequality in objective reality is confirmed
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Figure 6.

As we now know that the particles have identicalperty values, we can make a table with
all the selector combinations and all the propedmbinations. We then check the colors in
all the 72 measurements and find that GG=24, RRERE12 and RG=12. This confirms

that the earlier result of 4000 measurements aatd?fB3 of the outcomes are GG or RR.

Expected 2/3

Observed 1/2 ﬂ

Figure 7.

Coming this far the conclusion is: assuming thatigle properties have values even when
they are not measured, the outcome of GG or RRindllitably be 2/3. However, the
guantum theory predicts that the outcome is 1/Ze@kations in real experiments confirm

that the quantum theory is correct.

The paradox is: why do we expect 2/3 when the exyatal results are 1/27?
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7. Unmeasured properties are hidden in Quantum Radity
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Before going further, it should be mentioned thgeotive reality makes sense in classical
physics, but not in quantum physics. In quantursfdsy Heisenberg’s uncertainty principle
dictates that if one property value is known, ne ohthe other two can be known at the same
time. By selecting th®uantum Realitglternative, uncertain properties are visualized a

yellow dots with question marks. Only measured prbes are green or red.
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Figure 9.

On the next page, we will turn tiRaradox checkbox offAs a result, the animation program
will start to produce a correct result, that is. HBwever, the particle properties will still
appear as in figure 8. That is, in quantum redtlitg, Paradox checkbox settings will have no
effect on the appearance of the particles on theeac
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8. Color distribution for correlated particles when paradox is turned off
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Figure 10.

Note that the Paradox checkbox is turned off aatitthe Correlation checkbox is still turned
on. The table still shows an overweight of GG afidR rows 11, 22 and 33, but the

overweight is now balanced by a corresponding umelight on rows 12, 13, 21, 23, 31 and

32. The combined result is an even color distrdouti

Interestingly, we get the same result when colimeids turned off. However, the table

contents are quite different (compare figure 10 fagute 3).

For correlated particles and paradox off, the ane® of GG and RR are approximately 1/2.
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9. Programmer’s trick: Backward Order resolves the paradox
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Figure 11.

In objective reality events develop in a casuakor@That is, particles are assumed to exist
before they can be measured. However, any attenwptite a program that simulates such a
process will fail to produce a correct result. Yeten the Paradox checkbox is turned off the

program produces a correct result. How does it ®ork

Here is the trick: the program first generatesnteasurement, and then, in a second step, the
particles. In figure 11, thgeneratedneasurement is visible to the left of the shootiagice

(the Peek checkbox above is turned on). To the dfjthe shooting device, theeal’
measurement is shown. Here is the process in fepsss(a) there is not yet any “real”
measurement, (b) the selection 33 is made, (Qdiecles move on and (d) the measurement
is completed and the result is 33RR. The programrriok is that the measurement has been

known all the time.

Running the process Backward Orderfrees particles from being identical. In Backward
Order particles can be different without breakiogrelation. The figure above shows that
although particle properties are different (GRR BR@R), correlation is preserved (33RR).
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10. What is uncertain for the observer is irrelevat for the creator

Cc

Figure 12.

As we have seen, in Backward Order the measurepnecedes the particles to be measured.
In figure 12c the patrticles are visualized as, mwarand no less than what the measurement

dictates. This view is called Subjective Realityhie animation program.

In Objective Reality (figure 11a) unmeasured propserare certain, viewed as green or red
dots. In Quantum Reality (figure 11b) unmeasuregperties are uncertain, viewed as yellow
dots with question marks. From the programmer’svpigint unmeasured properties are
“decorations” only. They have no effect on the nieasients and no influence on the final

color distribution.

Unmeasured properties aracertainfrom the observer’s (quantum physicist’s) viewpoin
Unmeasured properties dreelevantfrom the creator’s (programmer’s) viewpoint. Or in
other words, the observer is viewing reality inWward Order whereas the creator is viewing
reality in Backward Order. | argue that both vieas correct and that none of them makes

the other one obsolete.
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11. Backward order is a programming trick, but it makes sense too

Bkw Order Forward Order

Figure 13.

Backward Order may appear unintuitive, but in a wayakes sense too. | simple terms, it

means “what you see” precedes “what you think&aaning mode typical for small children.

Forward Order is the other way around, “what yaokhdetermines “what you see”, a
powerful mode that allow us to predict what is gpia happen before it happens. But what if
we predict 2/3 and then observe 1/2? Are we rgatpared to question objective reality to

resolve the paradox?

Suggested here is that Forward Order should beasstuhg as the predictions are correct.
But when facing a serious paradox, a temporarytiuBackward Order allows for updating
“what you think”. In the case of EPR, the principleobjective reality is still equally useful.
However, the rule seems to have exceptions atttiei@level. Backward Order could be
seen as eetreatfrom an objective view to a subjective, a moveundike what quantum

physicists already have ddone

% “Quantum electrodynamics ‘resolves’ this wave-jséetduality by saying that light is made of
particles (as Newton originally thought), but thée of this great advancement of science is @aetr
by physics to the position of being able to caltailanly theprobability that a photon will hit a
detector, without offering a good model of howdtwally happens.”

QED - The Strange Theory of Light and Matter, p.Ri¢hard P. FeynmaRrinceton Science
Library, 1988.
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12. EPR experiment: a random selection based on founded assumptions?

Figure 14.

Alice and Bob observe the same measurement. Aladeesino assumption beyond what she
observes. The measurements are random and thesbfoedicts that the colors will be

equally distributed.

Bob, on the other hand, consider the experimeatrasdom selection. The detectors select
every third property and measure it. However, tleaiof a random selection presumes that

the selected part is representative for the whole.

According to the quantum theory measured propestiesertain and unmeasured properties
are uncertain. They are different, at least in tegpect. The question is: could we say that

observed properties are representative even fdyaameed properties?

If not, does it mean that Bob’s prediction (uneddiatribution) is based on a principle

(random selection of properties), which is not ayghlle at the atomic world?
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13. EPR experiment: a nonlocal physical process arlocal mental process?

(a) (b)

Figure 15.

In a worldindependenof mind, things can happen in forward order oRgrticles need to
exist before they can be measured. As the EPR iexperris set up, there is no way for
particle (a) to communicate with particle (b) beftwoth hit the detectors, because the
particles are flying with light speed and L2 > MThe current explanation is that the particles

are interconnected in a nonlocal fashion.

In a worlddependenof mind (of the observer’s mind), things may happeForward Order
too. But if the observation does not make senseetis an option to switch to Backward
Order and view the observation from the obserwggwpoint. In Backward Order the
observation comes first, and then comes the itheadibserver’s idea) of what was observed.
It's a childish world, free from interpretationschtherefore free from paradoxes. But as soon

as the observation is analyzed and conceptualizetime to switch back to Forward Order.

Is the EPR experiment an example ofoalocal physical process alocal mental process
The arguments above support both views. Howevéneifvorld is assumed to be independent

of mind, the nonlocal physical process is the agtion.

Viewing reality in Backward Order might eventudtiglp a layman to conceptualize quantum
physics without paradoxes, but to a physiciss ftriobably of little interest. However the
following might be of some interest even to a pbigsi viewing reality in terms of “what you
see” and “what you think” allow for quantifying boéntities as information:

Information in “what you see” = number of pigélcolor depth [bits].

Information in “what you think” = log2 (numbef potential outcomes) [bits].
The idea is further outlined on the next page dlestcribes an animation of a probability wave

collapse.
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14. Software animation of a probability wave collpse

Figure 16.

On top, images of three dice are shown. When theation starts, the pixelation is 50. It
means that the images are so distorted thatritpessible to count the dots. Every half-
second the pixelation is automatically reduced g, @o the images become more and more
detailed. It is only a question of time until wenagcognize the dice and count the dots. When

that happens, we click the button below the imagebsthe depixelation stops.

Below the button, is a bar chart showing the prdiigs for the outcomes. For example,
there is one to chance to get 3 dots (1+1+1), 2nads to get 11 dots (e.g. 1+4+6 and 4+4+3)
and 10 chances to get 15 dots (e.g. 4+6+5 and 3+6+6

As we have just observed that there are 15 ddtseiimages, we click on bar number 15 in
the bar chart. Thetine probability wave collapseall alternatives except one will collapse to
0, and the observed alternative (15) will grow tolability 1. The image above shows the

collapse half way through.

The animation is available for testrdtp://www.brolinonline.com/physics/start.htmTry it

out and watch how the number of bits in the imageeases during depixelation and the
calculation of the probabilities. The animationswabshow that “what you see” is 5400 bits
and “what you think” is 4 bits.
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