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Dear reader, 

I am sorry, this article is still a draft also written in German English. This will be changed in  

due course. Please have a look at the logic of the arguments and not so much at the 

English grammar. Thanks a lotéJé 

 

 

I would not call entanglement that one but rather  

the characteristic trait of quantum mechanics. 

      (Erwin Schrödinger 1935) 

 

 

 

How Albert Einstein unintentionally invented entanglement and  

thereby gave rise to the violation of the Lorentz factor.  
 

 

Paul Drechsel 2010 

 

 

 

When Einstein in 1905 invented the momentum of the photon, he could not foresee 

instantaneous non-local quantum entanglement of photons. Later confronted with its 

possibility he did not accept it until the end of his life. He derogatively called it 

óspooky action at a distanceô, because it implies ófaster than the speed of light cô. 

However, one could argue that by formulating his Theory of Special Relativity (TSR), 

in a cryptical way Einstein also laid the foundations for the derivation of an 

experimentally based formula for entanglement. The key for this assumption is his 

special adoption of the pseudo-Euclidian Minkowski space by introducing imaginarity 

in the time dimension combined with the constant speed of light c as ict. This invention 

properly introduced into the core Lorentz factorgof TSR leads straight to an 

experimentally based formula for entanglement of photons. Because Einstein clearly 

knew about the consequences of something faster than the constant speed of light c it 

is to assume that he intuited this possibility questioning basic principles of his 

Theories of Relativity; otherwise his lifelong resistance against the empirical fact of 

entanglement is not easy to understand. In the year 2008 it was experimentally proven 

by Nicolas Gisin et al. that entanglement is faster than the constant speed of light c. 

This combined with the violation of Bellôs inequality questions the thesis of the 

relevance of TSR for quantum physics if not based on the Standard Model but based 

on entanglement. 

 

 

1. Introduction           

 

It is common knowledge that Albert Einstein at the beginning of the last century invented 

both the Special (TSR) in 1905 and the General Theory of Relativity in 1915. It is also 

common knowledge that in 1905, he invented the photon as an elementary light particle. Less 

commonly known is Einsteinôs lifelong fight against the concept of entanglement, which he 

considered to be an instantaneous óspooky action at a distanceô. Entanglement was invented 

by Erwin Schrödinger (1935, 1936) with regard to the property of quantum superposition of 

the equation bearing his name. It is a property of a quantum mechanical state of a system of 
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two or more objects in which the quantum states of the constituting objects are linked together 

by one Schrödinger equation ï and not two or more separate equations - so that one object can 

no longer be adequately described without full mention of its counterparts ï even if the 

individual objects are spatially separated in a spacelike manner. This interconnection beyond 

space ï and probably also time ï leads to non-classical correlations between observable 

physical properties of remote systems, often referred to as nonlocal correlations. For Einstein 

such instantaneousity, regardless of any distance and localities, was impossible because it 

violated his paradigm of local realismô 
1
 and the limitation of the constant speed of light c, 

fundamental for the property of causality and also his Theories of Relativity (1961). Einstein 

assumed that a quantum theory which allowed for such óspooky thingsô had to be incomplete. 

In an article published in 1935 with Roman Podolsky and Nathan Rosen, he postulated 

óhidden variablesô which have been known ever since as the EPR-Paradox.  

 

It took three decades before John Bell in 1964 offered his now famous inequality
2
 that made 

an experiment of entanglement possible. It took another two decades before in 1982 Alain 

Aspect et al. could carry out such an experiment in order to convincingly prove that 

entanglement was a quantum physical fact and that it possessed the property of 

instantaneousity and non-locality. Again two decades later the relevance of time and space 

was experimentally questioned by the so-called before-before experiment undertaken by 

Antoine Suarez et al. (2002/3; also 1997, 2000, 2001). Recently Einsteinôs realism was 

experimentally violated by Anton Zeilinger et al. in 2007 and by Nicolas Gisin et al. in 2008 

by violating Leggettôs inequality (2002, 2003). Entanglement also independent from the 

principle of relativity and from the constant speed of light c was experimentally proven by 

Nicolas Gisin et al. in 2008 at Geneva. In this experiment Gisin et al. found out that the speed 

of entanglement could be many thousand times faster than the constant speed of light c; 

probably faster than10
5
Āc. In an interview the co-researcher Cyril Branciard assumed that the 

speed of entanglement is probably infinite.
3
 All in all these experiments, which all have to do 

with entanglement,
 
violate basic principles of the theories of relativity. Nicolas Gisin (2005) 

stated: 

 ñIn relativity there is space-time out there. In quantum mechanics there is 

entanglement.  

 

Antoine Suarez supports this point of viewé  

 

òéthe result of the before-before experiment does not mean that ñour universe is 

without time and spaceò, but rather that in our universe phenomena occur, which 

come from outside space-time, or, in other words, do not have any material 

observable origin.ò
4
 

                                                 
1
 See for example http://en.wikipedia.org/wiki/Principle_of_locality.  

2
 See for example http://en.wikipedia.org/wiki/Bell%27s_theorem.  

3
 I am aware of the reservations against something faster than the constant speed of light c. Usually it is argued 

that this does not imply any classical communication or signal transfer fast than c. But I would like to ask what 

has classical physics to do with quantum physics and why should there no communication be possible which is 

based on quantum entanglement? One should not always argue with arguments which belong to a paradigm 

which is already in question! New realities need new arguments! What is known is the fact that entanglement 

violates Bellôs inequality ï period! For an overview about ócô see Ellis (2003). 
4
 Private Mail from 30. July 2008. Also in ñHistory. The Story behind the Experimentsò In: 

http://www.quantumphil.org/history.htm, he writes at the end: ñThe final results of the experiments with moving 

measuring devices rule out the possibility to describe the quantum correlations by means of real clocks, in terms 

of ñbeforeò and ñafterò; nonlocal quantum phenomena cannot be described with the notions of space and time. 

This means there is no time ordering behind nonlocal correlations, so the causal order cannot be reduced to the 

temporal one. Quantum correlations somehow reveal dependence between the events, or logical order. 

http://en.wikipedia.org/wiki/Principle_of_locality
http://en.wikipedia.org/wiki/Bell%27s_theorem
http://www.quantumphil.org/history.htm
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Alain Aspect, Anton Zeilinger, Nicolas Gisin and Antoine Suarez are known as sober 

experimental physicists. For example Alain Aspect, Anton Zeilinger and John Clauser have 

got the renowned Wolf Price 2010 for their work on entanglement.
5
 With their experiments 

they question established physical paradigms and theory constructions, especially TSR, a 

theory which is also generally accepted and empirically verified. For example the 

combination of Quantum Theory with TSR as Quantum Electrodynamics or Quantum Field 

Theory is seen as the most successful theory physicists have ever created. It seems that 

something is in a mess. This is nothing new when referring to the relationship of classical 

physics and quantum physics since its beginnings. But why, then, do I also assume that Albert 

Einstein also laid the foundation for the derivation from his Einstein reality, when he 

definitely rejected such a physical reality? My humble answer: Because of the possibility of 

manipulating the core Lorentz factor g of TSR in a way which Einstein suggested which 

allows straight to derive a known formula for quantum entanglement of photons. This should 

be explained; first entanglement. 

 

2. Experiment of entanglement  

 

The following figure serves as a short presentation of an experiment with entangled polarized 

photons: (See Audretsch 1994)
 6
  

 
Figure: 1 

There is a source for parametric down-converted entangled photons. These entangled photons 

are sent in different directions to two detectors/analyzers. The detectors measure the 

polarization of the photons. The angles of polarization can be expressed by an alternative +1 

and ī1. The usual classical probability for the alternative +1 or ī1 of a will be  ()
1

P a
2

+ = and 

()
1

P a
2

- = . The same is true for b. Now for calculating entanglement formally we have to 

combine the analyzers and to take the angles of the analyzers for polarization in this way: 

 
Figure: 2 

With regard to the combined probabilities this leads to:

  

                                                                                                                                                         
Experiments show that this dependence, or logical order, is beyond any real time ordering. In the realm of the 

nonlocal quantum phenomena, things come to pass but the time doesnôt seem to pass here.ò  
5
 This Wolf price is seen as a step before the Nobel price! It is a pity ï or is unfair ï that N. Gisin was not 

included. 
6
 As I already suggested an extensive study of entanglement is offered by Audretsch (2007). Another in-depth 

discussion can be found in A. Aspect (2000): óBellôs Theorem: The naive view of an experimentalist.ô In:  

arXiv:quant-ph/0402001v1.  

http://arxiv.org/abs/quant-ph/0402001v1
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These probabilities have to be summarized to the combined quantum expectation value QME
or to a quantum correlation coefficient  

( ) ( ) ( ) ( ) ( )1 1 1 1QME a,b P P P P++ +- -- -+= + + - + + + - 

The combined quantum probabilities as expectation value QME seen as a quantum correlation 

coefficient results in 

( )QM 2 2E a,b cos sin cos2= q- q= q 

This can also be derived by real number trigonometry from the formula 

( )cos cos sin sin cosa b- a b= a+bif a=b. But it can also be derived from the De Moivre 

Theorem for 2cos a based on complex number trigonometry: 

( ) () ()( ){ }22cos Re cos i sina = a + a. We have to find out what is more important; which 

means real or complex number based reality. 

 

Taking into account four directions of the analyzers of the polarization experiment for 

entangled photons including their angles: 

 
Figure: 3 

one can derive a combined expectation value: 

() ( ) ( ) ( ) ( )S E a',b E a',b' E a,b E a,b'q = + + -  

Summarizing the quantum expectation values for the four analyzers QME  one gets: 

()QMS 3cos2 cos6q = q- q 

which results in the maximum value at 22.5 degree: 

( )QM 0S 22.5 2 2 2.8284...q= = =
 

Alain Aspect et al. (1982) present the following curve fitting the data (marks) of their 

experiment for entanglement: 

 
Figure: 4 

The trigonometric formula for this curve is: 
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3 2 6cos cosa- a 
 

What will become clearer in the next section, my interest consists in imaginarity. For example 

this formula can also be expressed as the real part of the complex or imaginary Euler formula 

 
2 63 -i ie ea a

 

 

The following figure represents the graph of the imaginary part  of this Euler formula: 

 

 
Figure: 5 

It can be seen that this imaginary amplitude is 4, compared with the real amplitude of 

2.828éIt is simply four times the maximum of cosine. 

What does it imply? It means that there can also be an imaginary reality beyond the real or 

classical expression of entanglement which is contained in its imaginary part. Now one may 

wonder but my main witness for this thesis that nature can also be imaginary is Albert 

Einstein himself. He explicitly introduced complex number imaginarity in his TSR. Let me 

demonstrate it. 

 

3. Imaginarity in the Special Theory of Relativity  

 

It is known that Einsteinôs theory of space and time refers to a so-called pseudo-Euclidian 

four-dimensional Minkowski space. Referring to space coordinate differences dx, dy, dz and 

the time-difference dt of the four-dimensional space of STR, Einstein offers the standard 

squares of distances of Minkowski spacetime as: 
2 2 2 2 2ds dx dy dz cdt= + + - 

c is the constant speed of light.
7
 In order to conform to the usual positive definite Euclidian 

metric he wanted to get rid of the Minus sign óīcdt
2
ó. For that he inserted the imaginary 

1i= - with the square of ï1.
 8
 He writes: ñIf we replace x, y, z, 1ct- , by 1 2 3 4x ,x ,x ,x , we 

also obtain the result that  
2 2 2 2 2

1 2 3 4ds dx dy dz dx= + + + 

is independent of the choice of the body of reference.ò (1961:102) 

 

                                                 
7
 This is the formula expressed by the signature , , ,+ + + -; there is the opposite possibility like, , ,---+. 

8
 Of course the square of 1i= - results again in ī1.   
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Very important for STR are the so-called Lorentz transformations. Einstein states: ñWe can 

characterize the Lorentz transformation still more simply if we introduce the imaginary 

1i ct= - in place of t, as time-variable. If, in accordance with this, we insert  

1 2 3 4 1x x; x y; x z; x .ct= = = = - 

éò (1961:139) 

Einstein also says that ñwe must replace the usual time-co-ordinate t by an imaginary 

magnitude 1.ct-  proportional to it.ò (1961:63) 

 

These are the words of Albert Einstein. I take note of the fact that today probably no physicist 

refers to this imaginarity and mathematically on speaks simply of a pseudo-Euclidian 

Minkowski space 3 1,E  or 1 3,E  and allows squares of 1+  and 1- . But by the risk of repetition 

for me a square of a number resulting in 1-  is still to explain! Science consists in 

explanations and not in unexplained secrets.   

 

Taking Einsteinôs imaginarity for granted I would like to move with it to the fundamental 

Lorentz transformations of STR. The Lorentz transformations are based on the Lorentz factor 

g: (v = velocity of an object) 

2

2

1

1
v

c

g=

-

 

The Lorentz transformations of the four spacetime coordinates x, y, z, t can then be formulated 

like this: (1961:37) 

2

2

2

2

2

1

1

x vt
x' ; 

v

c

y' y;

z' z;

v
t x

ct'
v

c

-
=

-

=

=

-

=
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This is common knowledge but with regard to the Lorentz factor g of special interest. As 

long as v c<  there is no problem, but the problems arise when v = c. Einstein writes: ñFor the 

velocity v c=  we should have 2 21 0v / c- =, and for still greater velocities the square-root 

becomes imaginary. From this we conclude that in the theory of relativity the velocity c plays 

the part of a limiting velocity, which can neither be reached nor exceeded by any real body.ò 

(1961:41) That is known as the postulate of the constant speed of light c. But why can one 

implicitly state, because entanglement is faster than the constant speed of light c , that no real 

body can be faster than this constant speed of light c? Is entanglement no real property of real 

correlated photons? There is the known relationship between matter and energy: 

 
2 2h Emc m h / cn= ­ = n 

 

Therefore photons should also be óreal particlesô.  
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Well, I have been quoting from Einsteinôs original work, thus basing my argument on his own 

presentation of his theories of relativity. For me of interest is the case that a velocity greater 

than the constant speed of light c has to be imaginary! One should listen what Einstein is 

arguing: éfor still greater velocities the square-root becomes imaginary! What does it 

mean? 

 

If this would be the case such a reality would no longer be compatible with or would no 

longer be part of classical physics! This is also exactly what a violation of Bellô s inequality 

tells us. But the experiments for entanglements suggest that non-local entanglement as a 

violation of Bellô inequality has to be faster than the constant speed of light c. Therefore I 

conclude, as Einstein did, this ósomething faster than cô has to be imaginary. The question is, 

how does it appear in the mathematical formulas? Until now I could only suggest that there is 

an imaginary part of the Euler formula for entanglement. Einstein refers to the imaginarity in 

the Lorentz transformations. These transformations are based on the Lorentz factor. Therefore 

one should ask the question: Which relevance could this imaginarity of the Lorentz 

transformations  also have for the fundamental Lorentz factor g of TSR? In order to be able 

to answer this question properly first one has to have a look into the definition of the 

fundamental Lorentz factor of TSR. 

 

Remark: 

Einsteinôs ict  does not say that this c would be faster than c when he combined it with the 

imaginary i. Einstein argues classically. His c is never ever faster than his c! The imaginary i 

is an addendum, something of an epitheton ornans, necessary for changing algebraic signs 

when squared. What is needed is something based on c but at the same time beyond the 

restriction of the constant c , which means faster than c, and which appears with an imaginary 

velocity. For example a photon faster than c, because c is based on the classical velocity of 

light! Only in the case when such particles exist the Lorentz factor would be violated. We 

know from the experiments by Gisin et al. that entangled photons are faster than c. Therefore 

I have only to give proof of the fact that there are imaginary photons in order to be able 

violate the Lorentz factor!  

 

4. Lorentz factor of TSR  

 

The definition of the Lorentz factor can be based on the Law of Pythagoras as, for example, 

illustrated in the following figure: 

 
Figure: 6

9
 

                                                 
9
 This figure is taken from the book written by Jay Orear (1991:151). 
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Figure (a) represents two light-clocks with two ideal reflecting mirrors. t is the time a light-

beam takes to travel from the lower to the upper mirror. Every time a light beam reaches the 

upper mirror, this clock ñticksò. The time between two ñticksò is /D ct= . In figure (b) the 

experiment starts with the two nearby light-clocks A and B. The light-clock B should moves 

with the velocity n to the right. We get the triangle cT , ct and Tn . cT can appear as 

something faster than c. To avoid that c could be faster than the presumed constant speed of 

light c one can refer to the Theorem of Pythagoras and solve it for T.  

( ) ( ) ( )
2 2 2

cT T cn t= +  

Solving this equation for T one gets: 

2

2

1

1

T

c

t
n

=

-

 

Without the t this formula is the Lorentz-factor g already presented above.  

The factor 
v

c
b=  is called the speed parameter. Within Einsteinôs TSR it is always less than 

unity, and, provided v is not zero, g is always greater than unity. As shown in the following 

figure, g increases rapidly in magnitude as b approaches 1; which means when v approaches 

c.  

 
Figure: 7

10
 

It is assumed as evident - provided the maximum constant speed of light c as an absolute limit 

for velocity ï that the greater the relative speed between A and B, the greater will be the time 

interval measured by B, until at a great enough speed, the interval takes ñforeverò.  

 

Remark: 

Now we have again the following cases with regard to v and the constant speed of light c:   

   

            

Classical Classical limit Non-Classical domain 

v c<  0v c= ­  v c>  

real  imaginary 

 

The experiments for entanglement are undertaken with entangled photons. If entanglement 

would be faster than c, these photons should appear as imaginary? But as we have seen what 

really appears is still real number trigonometry; there are only hints for an imaginary reality 

based on the e-function behind the scene. The prevalent philosophy or ontology of the science 

of physics declares, despite the fundamental imaginary Schrödinger equation in Quantum 

Physics, that in Nature nothing can be imaginary. Therefore it is necessary for me to give 

proof that in óphysical realityô something imaginary is óreallyô existing. This can be done by 

                                                 
10

 This figure is taken from the book written by David Halliday et al., 2005, p.1029. 
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demonstrating that there is a case of a strange behavior of photons where complex numbers 

and with them imaginarity are absolutely necessary to explain their strange behavior. We can 

be happy, this case in point is the well-known slit-experiment. 

 

5. Excursus: Classical and quantum slit experiment 

 

In the following I refer to the presentation of the slit-experiment offered by the renown 

mathematician and physicist Roger Penrose, especially in his book óThe Emperorôs New Mindô 

(1999:299-320), because it is a rare example of an acknowledgement of imaginarity in 

quantum physics. Penrose states clearly that complex numbers would beéò óabsolutely 

fundamental to the structure of quantum mechanicsô. These numbers are not just 

mathematical niceties. They are forced themselves on the attention of physicists through 

persuasive and unexpected experimental facts.ò
11

 One could argue this is still a statement as 

many others in theoretical physics, but I will demonstrate that especially the slit-experiment 

with photons and its results are not possible to explain with real numbers, but only with 

complex numbers ï which means only with imaginarity! And this has, as we will see, 

consequences for an explanation of entanglement. 

 

Penrose offers the following figure of a standard slit experiment with photons and its 

outcomes 

 
Figure: 8

12
 

Irritating is the fact that on the screen appear dots in the distribution of a wave. But if one slit 

is closed there only appears a set of dots straight behind the open slit.  Only when both slits 

are open appear the waveform of the photons. Meanwhile this is proven also for fullerene 

with 60 C-atoms! The waveform results from the so-called constructive and destructive 

interference. See for example the following figure:  

 
Figure: 9

13
 

Photons, elementary particles or molecules can reinforce each other or cancel each other out. 

This is very strange. Let my first try to explain it classically. With the two slits t and b for top 

and bottom we have two alternatives A and B. A represents the route from the source s via the 

top slit t to the screen p, and B the route from the source s via the bottom slit b to the screen p. 

It is uncertain what photons are doing, but we can try to calculate its probabilities. 

                                                 
11

 Penrose (1999: 305). In his other books, especially in óThe Road to Realityô (2004), he also speaks of the 

óMystery of Complex Numbersô. 
12

 See Penrose (1999:300). 
13

 See Penrose (1999:303). 
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In the classical case we could assume a weighted combination of these alternatives: 

 

p x óalternative Aô + q x óalternative Bô 

 

Where p is the probability of A happening and q the probability of B happening. A probability 

has to be a real number lying between 0 and 1. Probability 1 means ócertain to happenô, and 

probability 0 means ócertain not to happenô. Probability İ means ôequally like to happen as 

notô. 

 

If A and B are the only alternatives, then the sum of the two probabilities must be 1. 

1p q+ = 

This can always be prepared by normalizing, for example by p/p+q. 

 

Coming back to the slit experiment and assuming a classical case, for example tennis balls. 

There will be some Probability ( )P s,t  that the ball reaches the top hole t after it is struck at s, 

and some probability ( )P s,b  that it reaches the bottom hole. Moreover, if we select a 

particular point p on the screen, there will be some probability ( )P t, p , that whenever the ball 

does pass through t it will reach the particular point at p on the screen, and some probability 

( )P b, p  that whenever it passes through b it will reach p. If only the top hole t is open, then to 

get the probability that the ball actually reaches p via t after it is struck we multiply the 

probability that it gets from s to t by the probability that it gets from t to p: 

( ) ( )P s,t P t, p³  

Similarly, if only the bottom hole is open, then the probability the ball gets from s to p is: 

( ) ( )P s,b P b, p³  

If both holes are open then the probability is the sum of both path probabilities: 

 

( ) ( ) ( ) ( ) ( )P s, p P s,t P t, p P s,b P b, p= ³ + ³  

If both holes are open, the probabilities for a ball going through t to b hitting the screen at p or 

through b to p can always be ½. See the following figure for tennis balls: 

 

 

             

             1/2 

        s 

             1/2 

 

 

Figure: 10 

This probability distribution of ½ for tennis balls or other macroscopic particles is the same if 

one of the slits would be closed or both slits would be open. But this probability distribution is 

definitely not the case for photons where the probabilities appear as a waveform on the screen. 

Referring to figure 8 from experiment it is known that the brightest points on the screen are 

four times the probabilities for when just the top slit is open, and therefore four times the 

intensity, which means constructive interference. The dark points or no points mean 

probability 0 or destructive interference. At the intermediate points we have only twice the 

intensity as just for one slit. How could it be calculated compared with the probabilities in the 

classical case? 
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In quantum physics there is the rule that we must take the squared modulus of the complex 

amplitude to get the classical probability. First let me explain the logic of complex amplitudes 

which play the role of probabilities. As in the classical case there is the amplitude ( )A s,t  for 

a photon to reach the top slit t from the source s, and an amplitude ( )A t, p  for it to reach the 

point p on the screen from the slit t, and we can multiply these two to get the amplitude 

( ) ( )A s,t A t, p³  

For it to reach the screen at p via t. the same is valid for the bottom slit 

( ) ( )A s,b A b, p³  

If both slits are open, then we have total amplitude 

( ) ( ) ( ) ( ) ( )A s, p A s,b A b, p A s,b A b, p= ³ + ³  

for a photon to reach p from s. And here we get the completely different probabilities 

compared with the classical case. How can we explain it mathematically? ONLY by using 

complex numbers! How is a complex number z = x + iy defined? Most easily with the help of 

the so-called Argand- or Gauss plane: 

 
Figure: 11 

For the calculation of quantum probability we need the modulus z . It is simply the distance 

from the origin or point 0 of the point described by z. The squared modulus is simply the 

square of the complex number z = x + iy. It is by the Pythagorean theorem: 
2 2 2z x y= +  

If we would have two complex numbers w and z, there is the remarkable mathematical fact 

that the squared modulus of the product of two complex numbers is equal to the product of 

their individual squared moduli: 
2 2 2

zw z w=  

To come back to probabilities, we only have to replace real number weightings by complex 

number weightings, for example instead of the real number alternatives p x óalternative Aô + q 

x óalternative Bô we have to consider combinations of complex numbers like 

 

w Å óalternative Aô + z Å óalternative Bô 

 

Now for probabilities the squared moduli have to be 1 
2 2

1z w+ = 

If they are not so normalized, then the actual amplitudes for A and B, respectively, are 

( )2 2
w / w z+  and ( )2 2

z / w z+ . We can see that a probability amplitude is not really 

like a probability after all, but rather more like a complex square root of a probability! 
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With these ócomplex probabilitiesô we can open something of a box of Pandora. For example 

in analogy to the classical real number product of probabilities ( ) ( )A s,t A t, p³  we now have 

( ) ( ) ( ) ( )
2 22

A s,t A t, p A s,t A t, p³ = ³  

However, if there is more than one route available (e.g. if both slits are open), then we need to 

form a sum, and it is here that the characteristic features of quantum mechanics begin to 

emerge. When we form the squared modulus of the sum w + z, we do not usually get the sum 

of their squared moduli separately; there is an additional ócorrection termô: 

 
2 2 2

2w z w z w z cos+ = + + q
 

explained by the following figure: 

 

 
Figure: 12 

It is this correction term 2 w z cosq that provides the quantum interference between 

quantum-mechanical alternatives. The value of cosq can range between ï1 and +1. When 
00q=  we have 1cosq= and the two alternatives reinforce one another so that the total 

probability is greater than the sum of the individual probabilities (constructive interference). 

When 0180q=  we have 1cosq=- and the two alternatives tend to cancel each other out, 

giving a total probability less than the sum of the individual ones (destructive interference). 

When 090q=  we have 0cosq= and we get an intermediate situation where the two 

probabilities do add.  

 

Now let us consider the slit experiment when both slits are open. The amplitude for the 

photon to reach p is the sum, w + z, where here 

( ) ( ) ( ) ( )w A s,t A t, p    and    z A s,b A b, p= ³ = ³  

 

¶ As the brightest points on the screen we have w = z (so that 1cosq=) whence 
2 2 2

2 4w z w w+ = =  

which is four  times the probability 
2

w  for when just the top slit is open ï and 

therefore four times the intensity (constructive interference), when there is a large 

number of photons, in agreement with observation!
14

 

¶ At the dark points on the screen we have w = ïz (so that 1cosq=-) whence 
2 2

0w z w w+ = - = 

i.e. it is zero (destructuive interference); again in agreement with observations!  

¶ At the exactly intermediate points we have w = iz or w = ïiz (so that 0cosq=) 

whence 

                                                 
14

 This ófour timesô already appeared with the imaginary e-function of the formula for entanglement. See figure 5. 
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2 2 2 2 2
2w z w iw w w w+ = ° = + = 

giving twice the intensity as for just one slit (which would be the case for classical 

particles); again in agreement with observations! 

 

So what? I am talking about photons on the quantum level, and they definitely appear as 

imaginary photons. Without complex numbers there would be NO empirically validated 

calculation of these quantum probabilities referring to the slit-experiment! But physicists 

could argue, well, but we square its absolute value and it is again a positive real number 

reality, only restricted by probability.  

 

It is the truth, most physicists cling on real numbers as a basic property of some óreal realty of 

natureô, the most amusing explanation is the view that complex quantum theory merely 

provides a calculation procedure for computing probabilities and not an objective picture of 

the physical world. One could answer: Well, one should tell this philosophy the photons 

switching through the slits in the slit-experiment painting a wave on the screen that this 

behavior would not be an objective picture of their physical reality or nature. In my mind this 

philosophy of a singular real number natural reality is nonsense. Let me go a little bit deeper. 

 

Roger Penrose also introduce a quantum state (1999:314) For that let us imagine a single 

quantum particle. Classically, such a particle is determined by its position in space, and, in 

order to know what it is going to do next, its velocity (or equivalently momentum). But 

quantum-mechanically, every single position that the particle might have is an óalternativeô 

available to it. These alternatives can be combined together with complex-number weightings. 

This collection of complex weightings describes the quantum state of the particle, called a 

superposition. It is standard practice, in quantum theory, to use the Greek letter Y for this 

collection of weightings, regarded as a complex function of position ï called the Schrödinger 

wavefunction or ïequation of the particle. For each position x, this wavefunction has a 

specific value, denoted by ()xy , which is the amplitude for the particle to be at x. We can 

use the single letter Y to label the quantum state as a whole. Therefore the physical reality of 

the particleôs location is, indeed, its quantum state Y; which means a complex or imaginary 

reality of nature! The probability of finding a particle at a particular point x, if a detector were 

to be placed at that point, is onbtained by forming the squared modulus of the amplitude  

()xy : 

()
2

xy  

which is the square of the distance of the y-curve from  the x-axis. How could we imagine 

this in the imaginary domain? In a standard real number Cartesian coordinate system, if y 

had been a real function, we could have imagined  a y-axis perpendicular to the x-axis of 

plotted the graph of y 

 
Figure: 13 

However for the complex case we need a complex y-axis ï which would be an Argand or 

Gauss plane of a complex number ï in order to describe the value of the complex function y. 

This can be done as demonstrated in the following figure: 
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Figure: 14 

Now to form a complete picture of this kind, for the wavefunction throughout all of three-

dimensional space, five dimensions would be necessary: three dimensions for the Euclidian 

space plus another two for the Gauss plane at each point in which to plot ()xy . But we can 

simplify this picture. If we choose to examine the behavior of a wavefunction along any 

particular line in physical space we can do so simply by taking our x-axis along that line and 

provisionally using the other two spatial directions/dimensions as providing the required 

Argand/Gauss plane. This will prove useful to understand the two-slit experiment. 

 

It was mentioned that classical physics needs to know the velocity or momentum of a particle 

in order to determine what it is going to do next. In quantum physics the wavefunction y 

already contains the various amplitudes for the different possible momenta. To find it out is 

called the harmonic analysis to the function y. 

 

For my interests more interesting is the appearance of such a y-function for a momentum. It 

looks like a corkscrew or helix: 

 
Figure: 15 

Each of a given corkscrew or momentum state can be given the expression  

( ) ( )ipx/e cos ipx / i sin ipx /y= = +  

This is only a more complicated version of the simple famous Euler formula 
ie cos i sinq= q+ q! But one should realize that now also the cosine is imaginary regarding the 

exponent (=angle)! Penrose offers a picture of the two-slit experiment in terms of the 

corkscrew descriptions of the photon momentum states: 

 

 
Figure: 16 
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Remark: 

I would state that imaginary photons are evident, if their quantum nature is accepted. But if 

they move like waves or corkscrews, do they also move beyond the constant speed of light c? 

Usually quantum theory and also the most successful quantum field theory is also based on 

imaginarity but nowhere is there a violation of the dogma of the constant speed of light c. But 

we know from experiment that entangled photons move faster than the constant speed of light 

c. Now we have imaginary photons. There is no other explanation regarding the physical 

realities of the slit-experiment. But are these photons faster than c? If they would be entangled, 

they must be faster than c. Therefore I have to give proof that regarding the slit-experiment 

there is also entanglement. 

 

6. Entanglement and the slit experiment 

 

In the following figure already presented further above I have introduced a source emitting 

two entangled photons reaching the top and the bottom slit: 

 

 
 

Figure: 17 

Let me first assume there would be no slits but simply a screen with two detectors for 

entangled photons m and n. In this case we already know what is happening, because I have 

represented it further above in section 2. But if we would assume that the rules of calculating 

probability amplitudes would also be valid for these entangled photons we could calculate the 

probabilities for both ways like: 

( ) ( )A s,t A s,b³  

Now taking ( )m A s,t=  and ( )n A s,b=  we would also have simple complex number 

multiplication of m nÖ. What is a simple complex number multiplication? We have to go back 

how it is defined by taking in account two ordered pairs of real numbers a and b as ( )a,b : 

( )( )( )a,b c,d ac bd,ad bc ac ad bc bdÖ = - + = + + - 

This can also be defined geometrically in the following way: 

 
The geometric representation is equal to the product of two order pairs or real numbers seen 

in the polar representation: 

m

a 

n

b 

k 

l 
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( )( ) ( ) ( )( )

( )                 

a,b c,d rs cos ,sin

rs cos cos cos sin cos sin sin cos

= j+y j+y

= j y+ j y+ y j- j y
 

Rearranging this formula a little bit due to my interests we can get another representation of 

the geometrical definition of this multiplication of ordered number pairs. For example take for 

( )Q c,d=  and for ( )P a,b= , or ( )P a',b= , ( )Q b,b'=  and ( )( )R a',a b,b'= . With this 

rearrangement we can get an isomorphic representation: 

 
It leads to:

15
 

( )( )a',a b,b' a' b a' b' ab ab'Ö = + + - 

Comparing this formula below the figure with the combined correlation for entanglement 

already presented further above  

() ( ) ( ) ( ) ( )S E a',b E a',b' E a,b E a,b'q = + + -  

one could interpret this geometry of the angles as the composition of the four detectors for the 

experiment of entanglement; there are isomorphic structures.  

 

This is the case in front of the slits. What would happen behind the slits if entangled photons 

would go through the slits? The answer is amazing: The same as in front of the slits. For that I 

have already inserted an amplitude k within the black-box of the slit-experiment. This is, as 

we already know, also a complex number. Now we can calculate the product of two complex 

numbers as it was undertaken by Roger Penrose. It is, in one way or another, the same as that 

for entanglement! One has only to take a half w and a half z of the Penrose model, because for 

my two complex numbers m, k and n, l and Penrose takes either one w or one z. Penrose gets 

for the intensity of photons on the screen 0, 
2

2 w and 
2

4 w . Taking ½ we would get 
2

w  and 

2
2 w . For w as 22.5 degree we would also get the values 0, 2  and 2 2 .  

 

This is, as I already said, amazing. It has the consequence that the quantum dynamics of the 

slit experiment with photons is more or less the same as that for entanglement of photons! 

Which means, there is no great difference between both quantum physical realities? This 

implies that entanglement IS a fundamental property of photons, which means of energy!  

 

With it we come closer to a property of the Lorentz factor if it is violated by imaginarity. Let 

me come back to the complex amplitudes for the photons in the slit-experiment with the 

sequence 

                                                 
15

 This can also be seen in analogy to the multiplication of two complex numbers 

( )( )a ib a ib aa iab iba bb+ Ö + = + + -. 
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0, 
2

2 w , 
2

4 w  

The 
2

w  is formally seen nothing else than the multiplication of a simple complex number w. 

This can result in 2 2 . This introduced in w above we would get 

 

0, 2 2 , 4 2 , 8 2  

 

It looks like number mystics, but it offers us a hidden structure which will appear in the next 

section when I discuss the violation of the Lorentz factor. Let me offer the following figure: 

 
Figure: 18 

 

Remark: 

Until now I have not proven that photons in the slit-experiment would be faster than the 

constant speed of light c, but I could prove that the behavior of the photons in the slit-

experiment is the same as if they would be entangled. Because entangled photons have to be 

faster than the constant speed of light c it should also be the case in the slit-experiment? I 

assume until now no physicist has ever measured the speed of photons during a slit-

experiment, because it is already known to them: It is finite c! But when the design of an 

experiment for entanglement is the same as that for a slit-experiment, we should have 

something faster than c! Now my argument: If this would be the case, then the Lorentz factor 

has to be violated and the result of this violation should be the same as the results for 

entanglement or the slit experiment! That would be great, but what does it mean? It simply 

means, imaginarity has to be part of the Lorentz factor and because of it the violated Lorentz 

factor should generate the sequence 0 2 2 2 4 2, , , ,...etc. I assume this will sound strange 

for physicists, but is consequent if referring to the Lorentz factor something faster than the 

constant speed of light c is equivalent with imaginarity. 

 

7. The violation of the Lorentz factor by imaginarity  

 

In order to remember, the Lorentz factor was derived via the formula of Pythagoras referring 

to figure 6 above 

( ) ( ) ( )
2 2 2

cT T cn t= +
 

It results in 
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2

2

1

1

T

c

t
n

=

-

 

 

Behind it is the Pythagorean triangle 

 

 

 

 

      T       c 

 

 

           v 

Figure: 19 

In order to understand my arguments better let me introduce this Pythagorean triangle in a 

sequence of three abstract triangles:  

 

 
Figure: 20 

Case a): The Pythagorean triangle represents the usual classical basis for the Lorentz factor. 

In this case we have órealô Einstein photons for both the x- and y-axis with hypotenuses X, 

which means both photons should obey the constant speed of light c; therefore v could also be 

c: v c= . This leads to a Lorentz factor of zero which makes classically seen no sense at all 

because it is not defined.   

 

Case b):Next let me assume that the constant speed of light c of these real Einstein photons 

can be normalized to 1 and instead of X resulting in a hypotenuses2 .  

 

Case c): Now taking imaginary photons, for example of the slit-experiment, into account. It 

has to be defined in the way a complex number is defined. A complex number consist of a 

real axis x and an imaginary axis iy. It defines a 2-dimensional square. We have already seen 

further above that such photons move as a Argand- or Gauss-plan along a real x-axis. 

Referring to the logic of the definition of a complex number we should have real Einstein 

photons referring to the x-axis with real value 1 and imaginary photons referring to the y-axis 

i1. This also results in a hypotenuses 2 . 

 

Finally  the magic act: Inserting this imaginary 1c i=  and 1v=  into the Lorentz factor we get: 

2 2

2 2

1 1 1 1

1 1 21 1
1 1

1

T

i

= = = =
+

- -
-

 

At a first glance this equation does not seem to make much sense, but 1/ 2 is the value of 

the projection of the hypotenuse or diagonal to its sides x or y. There is a cryptic logic behind 

this imaginary Lorentz factor scene.  
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Now the main question: A real or complex Pythagorean triangle with sides 1 has a 

hypotenuses of 2 . We already know that entanglement appears as the double 2 2 . Could 

there be a relationship between this imaginary Lorentz factor of 1/ 2 and this  2 2  as the 

maximum value for entanglement? For an answer let me rewrite the Lorentz factor, now with 

a hypothetical negative photon ī1 and negative imaginary photon ic- :
16

 

 

  
Figure: 21 

 

Inserting these negative values of the sides of this lower left square
17

 into the Lorentz factor 

also results into 

2

1 1 1 1

1 1 1 1 2
1 1

1

x

i

= = = =
- - +
- -
- +

 

 

Surprisingly we get the same result as before in the positive case. This implies that the 

positive and the negative case of imaginary photons cannot be distinguished from each other, 

which means, in the case of imaginary photons we have to take both positive and negative 

cases into considerations! And what does this imply? A diagonal 2 times2 which is 2 2 .  

 

In section 2 we have got the result for entanglement as 

 

3 2 6 2 2 2 6cos cos cos cos cos cosa- a= a+ a+ a- a 

 

and for 22.5 degree we get: 

1 1 1 1 1 4
4 2 2

2 2 2 2 2 2
+ + + = Ö = = 

What then could these four times 1 2/  be regarding the Lorentz factor? The following 

figure of projections can offer an answer: 

                                                 
16

 This plus and minus side of the x-axis of the basic imaginary unit square can also be interpreted as two 

entangled photons moving in different directions. 
17

 In order to eliminate the minus signs of the left side of zero, one should see every value as an absolute value. 
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2  

 

Figure: 22 

These four projections of 1 2/ in addition are exactly the values how entanglement can be 

calculated referring to four analyzers measuring polarization in an experiment with entangled 

photons. Because the diagonal of figure 22 refers to the opposite sides of the triangle with 

absolute value of 2
18

, the projection of 2 2  to its sides leads to 

2 1

2 2 2
=  

Now an important mathematical fact: This diagonal 2 2can be easily expanded infinitely, 

for short expressed by n (even) Ÿ Ð, and strange enough this always results in  

1

2 2

n

n
= . 

Now the wonder: For n­¤ this implies an infinite speed of entanglement, or better 

infinite instantaneousity, already experimentally proven by Nicolas Gisin and Cyril 

Branciard in 2008, but which always appears classically as classical photons with constant 

speed of light c equivalent to the projection 1 2/ ! This is like a wonder, but also a fact of 

the imaginary quantum nature. 

 

If we compare this figure 22 above with the figure 18 further above it is possible to imagine 

this imaginary structure in nature. Entanglement is everywhere in the imaginary quantum 

domain of nature, and can for example appear classically like the slit experiment of photons 

with maximum probabilities of 

 0, 2 2 , 4 2 , 8 2  
or otherwise like a sequence of 

2 4 81
0

2 2 2 4 2 8 2 2

n
, , , , , ,

n
 

 

 

 

 

 

                                                 
18

 In this case we have to use the absolute value of 2 because of the plus/minus-sides of the x-axis; otherwise it 

would be zero. 
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8. Resume 

 

In order to remember the chain of my argumentations I would like to offer a final roadmap of 

the most important steps: 

 
 

There was first the question could entanglement of photons with probably infinite velocity be 

based on imaginarity? To answer this question I offered a mathematical analysis of the 

behavior of photons regarding the slit experiment with the result that their special behavior of 

constructive and destructive inference cannot be explain with the help of real numbers. This 

means it is fundamentally based on the field of complex numbers, which means on 

imaginarity. Furthermore I could demonstrate that entanglement of photons is isomorphic 

with the imaginary state of the art of photons of the slit experiment. This allowed the 

conclusion that entanglement of photons is based on imaginarity. Now we know that it is also 

of infinite velocity. That was already the case which Albert Einstein found out referring to the 

Lorentz factor in his theory of special relativity: Everything which is faster than the constant 

speed of light c has to be imaginary! Now entangled photons are faster than the constant 

speed of light c and are imaginary. There was only the question how would it be possible to 

derive entanglement from this imaginary Lorentz factor. I could demonstrate that such 

imaginary photons introduced into the Lorentz factor results straight as the trigonometric 

formula for entanglement. This again has the consequence that entanglement is faster than the 

constant speed of light c, what was already stated by Albert Einstein when he spoke about this 

óspooky action at a distanceô. It seems the circle is closed!  

 

In the headline of this article I state that Einstein unintentionally has invented entanglement. 

How can I state this if it is known that he definitely questioned the existence of entanglement? 

My humble answer: Because of this rejection and because of his playing around with 
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imaginarity i! He knew exactly what was at stake if he would have accepted entanglement as 

this óaction at a distanceô, namely something faster than the constant speed of light c. This he 

declared as a once and for all time dogma as the base of his theories of relativity. And he 

knew also what would happen if there would be something faster than the constant speed of 

light c, namely imaginarity. And as a third argument one can argue he was it who combined i 

with c, and this c could only refer to photons! Therefore: 

 

faster than c + imaginarity + photons = entanglement! 

 

Therefore I offer my thesis that Albert Einstein unintentionally invented entanglement. So to 

speak he is for himself to blame for it! 

 

But what does it mean philosophically seen if entanglement is faster than the constant speed 

of light c and also imaginary? In this paper I can only answer provisionally. It could mean that 

there are three domains of nature: 

¶ the first based on the model of classical physics,  

¶ the second as a mixture of classical physics with quantum physics , 

¶ the third as a pure imaginary quantum domain,  

The first is based on the field of real numbers, but the second and third on the field of 

complex numbers. This I have already offered further above in a table at the beginning of this 

article. A watershed is also Bellôs inequality: everything what is <2 is classical, everything >2 

is quantumlike. But as we have seen, there can be other criteria: the constant speed of light c. 

In this case the Lorentz factor operates like a Switch board for different realities:  

 

ī Given v c<  the physical reality is classical real number reality and quantum complex 

number reality of the Standard Model; 

ī Given v c>  the physical reality is pure quantum imaginarity. 

 

 

Classical Physics Classical Physics +Quantum 

Physics (Standard Model) 

Quantum Physics based on 

entanglement 

   

Real numbers Complex numbers Complex numbers 

< 2 < 2 >2 

v < c v < c v > c 

   

   

 

I admit, this model is not easy to accept and can be questioned but I think it makes sense. 

What will evoke resistance beyond the thesis of something faster than the constant speed of 

light c is my distinction between imaginary and real physical realities. I accept this doubts but 

I cannot agree with it, because as I could demonstrate there have to be different physical 

realities referring either to v c<  or v c> . It was already certain for Albert Einstein that for 

v c>  the Lorentz transformations and finally the theories of relativity are no longer valid; but 

this reality is definitely imaginary as Einstein already conceded and it has a name, namely 

ENTANGLEMENT! And this is in full agreement with the experimental results of Nicolas 

Gisin. The imaginary reality I have in mind is a reality without classical space and time. This 
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means there has to be an imaginary reality of nature beyond classical physics and the 

Standard Model 
19

of quantum physics. Again the statement of Niclas Gisin: 

 

ñIn relativity there is space-time out there. In quantum mechanics there is 

entanglement.  

 

A final remark about this ósignal velocityô not faster than c as a limit for any communication. 

I agree, but I did not talk about this limited classical property of communication. I was talking 

about un-limited non-classical entanglement as a non-classical base for a non-classical 

quantum communication; thatôs the difference! When Einstein spoke about óspooky action at 

a distanceô then I will speak about a óspooky communication at a distanceô, but only for 

classical ears. For non-classical ears it will be a ócommunication at a distance faster than cô! 

Last but not least: It could also be argued that the concept of energy will be questioned 

because it will become instable, if, assumed 2E mc= , something will be faster than c. This 

assumption is true, seen from the classical side. But seen from the non-classical side it can be 

false, because we know that 74% or our universe consists of so-called Dark Energy. Well, this 

óDark Energyô is like entanglement something beyond classical Einstein Energy 2E mc= . I 

will come back to this topic in a forthcoming paper.  
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 See for example http://en.wikipedia.org/wiki/Standard_Model. Still, the standard model falls short of being a 

complete theory of fundamental interactions because it does not incorporate the physics of general relativity, 

such as gravitation and dark energy which is 74% of the universe. The theory also does not contain any viable 

dark matter particle which is 20% of the universe that possesses properties deduced from observational 

cosmology. It also does not correctly account for neutrino oscillations (and their non-zero masses). 

http://en.wikipedia.org/wiki/Standard_Model
http://en.wikipedia.org/wiki/Theory_of_everything
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Dark_energy
http://en.wikipedia.org/wiki/Dark_matter
http://en.wikipedia.org/wiki/Cosmology
http://en.wikipedia.org/wiki/Neutrino_oscillations



