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Summary 

Writing a software animation of the EPR experiment has been instructive. If one assumes that 

particles need to exist before they are measured, the animation shows that the incorrect result 

of 2/3 is inevitable. However, when running the process in Backward Order, the animation 

produces a correct result of 1/2. This simple turn around, allowing the measurement to 

precede the particles to be measured, not only produces a correct result. I argue that it actually 

makes sense too. When viewing an observation from the observer’s viewpoint, even reality, in 

a way, appears in backward order: the observation (“what you see”) precedes the 

interpretation (“what you think”). 

Viewing the world in Backward Order (only temporarily of course) seems to resolve the EPR 

paradox. Moreover, it clarifies how crucial the observer’s role is in the observation process. 

Finally, viewing the observation in terms of “what you see” and “what you think”, allow for 

quantifying both entities in the observation process This is illustrated in a second animation 

where a probability wave collapse is viewed as a clash between the two information entities, 

immediately followed by bit stream reconciliation. 
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1.   Introduction 

I am a retired programmer having philosophy and physics as a hobby. About a year ago I was 

reading an article about the EPR experiment1. Finally, after several earlier attempts, I realized 

why the experiment is so strange. Any calculation a layman would do ends up with a result of 

2/3 whereas the measured result is always 1/2. I felt enlightened but at the same time 

confused. Why is a problem so broken down, and so simplified, not already solved? I came to 

think of a programmer’s bug hunting. 

Programming is about writing codes and finding bugs. Even ordinary sized programs easily 

become so complex that it is almost impossible to point out the bug directly. Then a common 

way out is to “divide and conquer”. Think of a needle in a haystack. Then split the haystack in 

two halves and check in which half the needle is. Repeat and split the remaining stack in 

halves until the needle becomes visible. The last possible iteration would be on one grass 

straw and one needle.  

To me the EPR paradox appeared as a needle and a few grass straws. The expected value was 

2/3 and the measured value was 1/2. The problem was more like: “why do we expect things to 

happen which clearly do not happen?” and “what are we supposed to stop to expect?” Then I 

thought: if I translate the paradox into a computer program, would it be possible to remove 

the remaining straws and find the needle?  

 

                                                      

1 “Is the moon there when nobody looks? Reality and the quantum theory”, by David Mermin, Physics 

Today, April 1985. 
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2.   Model of the EPR experiment in Physics Today 

 

Figure 1.  

Figure 1 shows David Mermin’s model in Physics Today that is used to explain the EPR 

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

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

detectors select properties independently. Depending on the property value, a green or a red 

lamp will flash on each detector.  

A measurement consists of two digits and two letters. For example, 32RG means that detector 

A has selected property 3, and detector B property 2. Letter R means that the red lamp flashes 

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

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

 

Figure 2. 

Figure 2 shows the animation program mimicking the model in Physics Today. The upper 

window shows the shooting device and the detectors. The lower window may show various 

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

 

 

Figure 3. 

Figure 3 shows a result from 4000 shots. The table columns show the color outcomes and the 

rows the selections. The pie chart shows the color distribution. Particles and selections are 

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

For randomly generated particles approximately 1/2 of the outcomes are GG or RR.

RR GG 

RG GR 



..\EPR\documents\_Backward_Order.doc 6 

 

 

4.   Color distribution for correlated particles when paradox is turned on 

 

Figure 4. 

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

same property is selected in both particles, the color is always the same2. As a consequence, 

columns GR and RG are zero for rows 11, 22 and 33 in the table. Instead, all outcomes are 

routed to columns GG and RR. The effect of correlation is an overweight of GG and RR.  

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

                                                      

2 The model in Physics Today, assumes that measured properties in correlated particles have the same 

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

RR GG 

RG GR 



..\EPR\documents\_Backward_Order.doc 7 

5.   Particles must have identical properties in Objective Reality 

    

      

Figure 5. 

In objective reality all particle properties are assumed to have values even when they are not 

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

In objective reality, where two particles are spatially separated, and where the properties are 

selected randomly, correlation dictates that both particles must have identical properties. If 

not, the correlation will break. 

b a 

c d 
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6.   Inequality in objective reality is confirmed 

 

Figure 6. 

As we now know that the particles have identical property values, we can make a table with 

all the selector combinations and all the property combinations. We then check the colors in 

all the 72 measurements and find that GG=24, RR=24, GR=12 and RG=12. This confirms 

that the earlier result of 4000 measurements and that 2/3 of the outcomes are GG or RR. 

 

 

Figure 7. 

Coming this far the conclusion is: assuming that particle properties have values even when 

they are not measured, the outcome of GG or RR will inevitably be 2/3. However, the 

quantum theory predicts that the outcome is 1/2. Observations in real experiments confirm 

that the quantum theory is correct.  

The paradox is: why do we expect 2/3 when the experimental results are 1/2? 

 

 

RR GG 

RG GR 
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7.   Unmeasured properties are hidden in Quantum Reality 

    

     

Figure 8. 

Before going further, it should be mentioned that objective reality makes sense in classical 

physics, but not in quantum physics. In quantum physics, Heisenberg’s uncertainty principle 

dictates that if one property value is known, no one of the other two can be known at the same 

time. By selecting the Quantum Reality alternative, uncertain properties are visualized as 

yellow dots with question marks. Only measured properties are green or red. 

 

 

Figure 9. 

On the next page, we will turn the Paradox checkbox off. As a result, the animation program 

will start to produce a correct result, that is 1/2. However, the particle properties will still 

appear as in figure 8. That is, in quantum reality, the Paradox checkbox settings will have no 

effect on the appearance of the particles on the screen. 

b a 

c d 
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8.   Color distribution for correlated particles when paradox is turned off 

 

Figure 10. 

Note that the Paradox checkbox is turned off and that the Correlation checkbox is still turned 

on. The table still shows an overweight of GG and RR on rows 11, 22 and 33, but the 

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

32. The combined result is an even color distribution.  

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

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

For correlated particles and paradox off, the outcomes of GG and RR are approximately 1/2. 

RR GG 

RG GR 
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9.   Programmer’s trick: Backward Order resolves the paradox 

    

    

Figure 11. 

In objective reality events develop in a casual order. That is, particles are assumed to exist 

before they can be measured. However, any attempt to write a program that simulates such a 

process will fail to produce a correct result. Yet, when the Paradox checkbox is turned off the 

program produces a correct result. How does it work? 

Here is the trick: the program first generates the measurement, and then, in a second step, the 

particles. In figure 11, the generated measurement is visible to the left of the shooting device 

(the Peek checkbox above is turned on). To the right of the shooting device, the “real” 

measurement is shown. Here is the process in four steps: (a) there is not yet any “real” 

measurement, (b) the selection 33 is made, (c) the particles move on and (d) the measurement 

is completed and the result is 33RR. The programming trick is that the measurement has been 

known all the time. 

Running the process in Backward Order frees particles from being identical. In Backward 

Order particles can be different without breaking correlation. The figure above shows that 

although particle properties are different (GRR and RGR), correlation is preserved (33RR). 

 

 

 

b a 

c d 
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10.  What is uncertain for the observer is irrelevant for the creator 

    

   

Figure 12. 

As we have seen, in Backward Order the measurement precedes the particles to be measured. 

In figure 12c the particles are visualized as, no more and no less than what the measurement 

dictates. This view is called Subjective Reality in the animation program. 

In Objective Reality (figure 11a) unmeasured properties are certain, viewed as green or red 

dots. In Quantum Reality (figure 11b) unmeasured properties are uncertain, viewed as yellow 

dots with question marks. From the programmer’s viewpoint unmeasured properties are 

“decorations” only. They have no effect on the measurements and no influence on the final 

color distribution. 

Unmeasured properties are uncertain from the observer’s (quantum physicist’s) viewpoint. 

Unmeasured properties are irrelevant from the creator’s (programmer’s) viewpoint. Or in 

other words, the observer is viewing reality in Forward Order whereas the creator is viewing 

reality in Backward Order. I argue that both views are correct and that none of them makes 

the other one obsolete. 

b a 

c 
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11.  Backward order is a programming trick, but it makes sense too 

 

Figure 13. 

Backward Order may appear unintuitive, but in a way it makes sense too. I simple terms, it 

means “what you see” precedes “what you think”, a learning mode typical for small children.  

Forward Order is the other way around, “what you think” determines “what you see”, a 

powerful mode that allow us to predict what is going to happen before it happens. But what if 

we predict 2/3 and then observe 1/2? Are we really prepared to question objective reality to 

resolve the paradox?   

Suggested here is that Forward Order should be used as long as the predictions are correct. 

But when facing a serious paradox, a temporary turn to Backward Order allows for updating 

“what you think”. In the case of EPR, the principle of objective reality is still equally useful. 

However, the rule seems to have exceptions at the atomic level. Backward Order could be 

seen as a retreat from an objective view to a subjective, a move not unlike what quantum 

physicists already have done3. 

 

 

  

 

                                                      

3 “Quantum electrodynamics ‘resolves’ this wave-particle duality by saying that light is made of 

particles (as Newton originally thought), but the price of this great advancement of science is a retreat 

by physics to the position of being able to calculate only the probability that a photon will hit a 

detector, without offering a good model of how it actually happens.”  

QED – The Strange Theory of Light and Matter, p. 37, Richard P. Feynman, Princeton Science 

Library, 1988.  

Bkw Order  Forward Order 
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12.  EPR experiment: a random selection based on unfounded assumptions? 

 

Figure 14. 

Alice and Bob observe the same measurement. Alice makes no assumption beyond what she 

observes. The measurements are random and therefore she predicts that the colors will be 

equally distributed. 

Bob, on the other hand, consider the experiment as a random selection. The detectors select 

every third property and measure it. However, the idea of a random selection presumes that 

the selected part is representative for the whole.   

According to the quantum theory measured properties are certain and unmeasured properties 

are uncertain. They are different, at least in this respect. The question is: could we say that 

observed properties are representative even for unobserved properties?  

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

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

          

 

Figure 15. 

In a world independent of mind, things can happen in forward order only. Particles need to 

exist before they can be measured. As the EPR experiment is set up, there is no way for 

particle (a) to communicate with particle (b) before both hit the detectors, because the 

particles are flying with light speed and L2 > L1. The current explanation is that the particles 

are interconnected in a nonlocal fashion.  

In a world dependent of mind (of the observer’s mind), things may happen in Forward Order 

too. But if the observation does not make sense, there is an option to switch to Backward 

Order and view the observation from the observer’s viewpoint. In Backward Order the 

observation comes first, and then comes the idea (the observer’s idea) of what was observed. 

It’s a childish world, free from interpretations and therefore free from paradoxes. But as soon 

as the observation is analyzed and conceptualized, it’s time to switch back to Forward Order. 

Is the EPR experiment an example of a nonlocal physical process or a local mental process? 

The arguments above support both views. However, if the world is assumed to be independent 

of mind, the nonlocal physical process is the only option. 

 

Viewing reality in Backward Order might eventually help a layman to conceptualize quantum 

physics without paradoxes, but to a physicist, it is probably of little interest. However the 

following might be of some interest even to a physicist: viewing reality in terms of “what you 

see” and “what you think” allow for quantifying both entities as information:  

    Information in “what you see” = number of pixels * color depth [bits].  

    Information in “what you think” = log2 (number of potential outcomes) [bits].  

The idea is further outlined on the next page that describes an animation of a probability wave 

collapse.

(a)  (b)  
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14.  Software animation of a probability wave collapse 

  

Figure 16. 

On top, images of three dice are shown. When the animation starts, the pixelation is 50. It 

means that the images are so distorted that it is impossible to count the dots. Every half-

second the pixelation is automatically reduced by one, so the images become more and more 

detailed. It is only a question of time until we can recognize the dice and count the dots. When 

that happens, we click the button below the images and the depixelation stops.  

Below the button, is a bar chart showing the probabilities for the outcomes. For example, 

there is one to chance to get 3 dots (1+1+1), 27 chances 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 dots in the images, we click on bar number 15 in 

the bar chart. Then the probability wave collapses. All alternatives except one will collapse to 

0, and the observed alternative (15) will grow to probability 1. The image above shows the 

collapse half way through. 

The animation is available for test at http://www.brolinonline.com/physics/start.html.  Try it 

out and watch how the number of bits in the images increases during depixelation and the 

calculation of the probabilities. The animations above show that “what you see” is 5400 bits 

and “what you think” is 4 bits. 


