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Abstract 
Richard Feynman once said, “I think it is safe to say that no one understands Quantum Mechanics”. 
The well-known article on the Einstein-Podolsky-Rosen (EPR) paradox brought forth further 
doubts on the interpretation of quantum theory. Einstein’s doubt on quantum theory is a double- 
edged sword: experimental verification of quantum theory would contradict the hypothesis that 
speed of light is finite. It has been almost a century since the creation of quantum theory and spe-
cial relativity, and the relevant doubts brought forward remain unresolved. We posit that the ex-
istence of discontinuity points and quantum wormholes would imply superluminal phenomenon 
or infinite speed of light, which provides for an important supplement to the invariance principle 
of the speed of light and superluminal phenomena. This can potentially resolve the inconsistency 
between special relativity and quantum theory. 
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1. Introduction 
Since quantum mechanics was created, the explanation of wave function has always been an issue puzzling sci-
entists. Bohn’s theory of probability amplitude gave us an explanation on what the wave of probability ampli-
tude really is. Is it the result of multiple acts of a single particle, one-time behavior of numerous particles, or 
one-time behavior of a single particle? It is a problem that scholars have argued for a long time [1]-[3]. As 
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technology advanced, new experiments revealed a great number of quantum nonlocality and superluminal phe-
nomena [4], which made it even harder for theorists to explain. From the old experiments such as wave-particle 
duality, Schrödinger cat, EPR paradox, to the more recent ones like interference of single photon, quantum cor-
ral and quantum information communication, all of these pose great challenges to quantum mechanics [5]-[9]. 
Recently, two Australian mathematicians James M. Hill and Barry J. Cox provided the mathematical form of 
special relativity under the superluminal phenomena [10]. However, in this article, we will discuss it physically. 

2. Hundred Years’ Entanglement of Quantum and Special Relativity 
Let’s first look at an example of an atom, the scale of the electron 2310el

−<  m, the scale of the atom la < 10−11 
- 10−10 m, and so the scale ratio 3 3 3610a el lβ = = . When using the STM to scan the whole atom (Figure 1), the 
electrons inside the atom need to traverse the whole atom in 410≤  s, (the scanning time of the STM). So the 
speed probably is: 36 11 4 2110 10 10 10u −> × =  m/s, which is much greater than the speed of the light. We see 
that existence of wave function will lead to the result of super luminance. 

EPR paradox is a discussion about entanglement state, and it can be symbolically expressed as 

( )A B A B

2
2

ψ = ↑ ⊗ ↓ + ↓ ⊗ ↑  

The entanglement state arises in TQW, and switches between 
A B

↑ ⊗ ↓  and 
A B

↓ ⊗ ↑ . As shown in 
Figure 2, the information on particle A’s spin magnetic dipole moment is transmitted to particle B through su-
perluminal magnetic photons. Such information, which would subsequently determine particle B’s spin mag-
netic dipole moment, is formed inside TQW. It would travel through countless wormholes afterwards. It is to be 
noticed that even when outside a wormhole, probability amplitude still exhibits similar patterns. In short, super-
luminal motion inside TQW allows us to explain quantum nonlocality without violating the special theory of 
relativity established in continuous time-space. We believe that the continuous time-space is filled with numer-
ous wormholes, which are not detectable with existing experimental apparatus. Micro particles’ entrance into 
these wormholes would inevitably result in superluminal phenomena and quantum nonlocality. Such event is 
compatible with Einstein’s special theory of relativity. 

Obviously, each electron must have covered the whole area of the corral at least once within this short time 
interval. If the process is achieved through space passage, nodes of the standing wave must have been passed 
through multiple times. Thus, the probability at nodes cannot be zero, which contradicts the experimental results 
that possibility at the nodes is exactly zero! Therefore, it seems that the motion of electrons in the fence also 
transcends time and space through some “underground tunnel”. Given the analysis above, we conclude that the 
 

 
Figure 1. Electron cloud of an atom.            

 

 
Figure 2. Entanglement state.   
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motion of those microscopic particles cannot be achieved through space passage, for otherwise superluminal 
phenomena exist and spatial probability density cannot be zero. In other words, the existence of probability 
function will lead to the result of super luminance. 

Mathematically, just like the Newton’s equation of gravity is an action of super distance, the probability den-
sity function is completely expressed in the whole space. Physically, it means that the micro-particles are eve-
rywhere at the same time. The only difference is that its appearance at different places has different probability. 
Such phenomenon can occur only if the speed of the micro-particles’ random motion is infinitely large. How-
ever, this result once again disobeys Einstein’s special relativity. 

3. Break Point of Time and TQW 
Suppose Stephen Hawking’s hypothesis holds [5]-[7], and the break points of space and time are of Planck 
length’s scale ( )pl  and Planck time’s scale ( )pt  respectively, then they each forms SQW and TQW through 
time and space. Thus if TQW (the break point of time) is also a way for particle to go from A to B (Figure 3), 
then we can provide a satisfactory explanation to the two questions above. Furthermore, based on the string the-
ory, the wormhole in compact dimension space (EQW) may exist as well. 

Suppose for now the hypothesis that a micro particle in TQW can excite superluminal and super high fre-
quency wave of probability density (Figure 4), which recovers and becomes under the control of special relativ-
ity upon exit from TQW. Note that special relativity can be measured in space-time. The above hypothesis can 
be established with the uncertainty principle. 

1) Quantum wave of probability amplitude is a wave with changing frequencies, which has super high fre-
quency inside the TQW. This result can be deduced from uncertainty principle. Given 2t E∆ ∆ ≥  , as  

0pt t∆ = → , E∆ →∞  or ν →∞ . This implies that the speed of the quantum wave of probability amplitude
u νλ= →∞ , i.e. the speed of wave is beyond the speed of light. Outside the TQW it becomes under the control 
of Einstein’s special relativity because the order of the measured data is much higher than the Planck order. As a 
result, superluminal phenomena only happen inside the TQW. 

2) It is worth emphasizing that although the “entrance” of the TQW pt t∆ =  is very small, the space inside 
the wormhole is infinite, just like the space we live in. 

Now, let’s bring our attention to the formation of quantum corral. Theoretically, it holds that the probability 
amplitude is a one-time behavior of a single electron taking place in TQW (Figure 5). 
 

 
Figure 3. Movement in TQW.              

 

 
Figure 4. Quantum corral (data from interenet).       

 

 
Figure 5. One-time formatted wave of quantum corral 
in TQW.                                        
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As for SQW, notice that as 0px l∆ ≈ → , we have xp∆ →∞ , which implies a huge momentum possessed by 
the particle. As a result, the duration of its stay inside the SQW is extremely short, rendering it almost impossi-
ble to achieve a significant leap over time. This conclusion is different from Stephen Hawking’s viewpoint. In 
Hawking’s Wormhole, a particle can easily travel through time. However, in our SQW, it is difficult to do so. 
Our conclusion is consistent with the superstring theory [6] [7], which states that as 0px l∆ ≈ → , time will be-
curved and the whole space-time will be condensed to a point. 

4. A Supplement to the Invariance Principle of the Speed of Light 
Our supplement to the invariance principle of the speed of light is as follows: the speed of light is constant 
within any inertial system, and is finite within measurable space-time. However, speed of light is infinite at 
points of discontinuity in space-time as well as inside the TQW. Therefore the speed of static particle with non- 
zero mass at points of discontinuity in time-space as well as points inside the TQW can also be infinite, albeit 
still smaller than the speed of light. In general, superluminal speed refers to speed that is greater than the con-
ventional speed of light ( )83.0 10  m s× . However, the speed of light become infinite inside the TQW, and thus 
superluminal phenomena do not actually take place. 

Based on this supplement to the invariance principle of the speed of light, we can then give a reasonable ex-
planation to the quantum nonlocality phenomena found experimentally. 

5. Superluminal in TQW and Special Relativity 
An important conclusion from Einstein’s special relativity is Lorentzin variance in all inertial systems. Here we 
examine the two 4-dimensional invariants: space-time line element and energy-dynamic tensor. 

Space-time line element as given by 2 2 2 2s x c t∆ = ∆ − ∆  is an invariant. In the case of electrons, 2 0s∆ <  
and is a constant. 

In TQW, 0t∆ → . Thus, if 2 2 2 2c t x s∆ = ∆ −∆ →∞ , we would have c →∞  as well. This implies that the 
speed of light goes to infinity in TQW. Lorentz invariance of special relativity is still valid in TQW as long as 
we set no upper limit on the speed of light. Superluminal phenomena will therefore be allowed with just a slight 
modification to the special theory of relativity. 

Energy-dynamic tensor forms a 4-dimensional invariant 
2

2 2
2

Ep p
cµ
∆

∆ = ∆ − . In TQW, x∆ →∞  and  

0t∆ → , and by the uncertainty principle 0p∆ → , ∞→∆E . In fact, by the Lorentz invariant, 
2

2
2 constantE p

c µ
∆

= ∆ = , implying that c →∞ . 

As can be seen, given Lorentz invariance, superluminal phenomenon in TQW is in fact a result of the special 
theory of relativity. The speed of light remains constant in continuous space-time, and only goes to infinity in-
side the wormholes at points of discontinuity. The inconsistency between special relativity and superluminal 
phenomena can now be bridged with the above amendment to the invariance principle of special relativity. 

6. Conclusion 
A film can be thought of as a series of static images played rapidly in succession, creating the illusion that the 
 

 
Figure 6. Nature is like a movie player.                 
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motion is actually occurring. Even though micro-particles are invisible inside TQW, their intermittent appear-
ances outside the TQW over a short time interval resemble a series of “images” played rapidly in succession. 
This creates the “film” that is observable to human eyes. In this sense, the Mother Nature has always been a 
natural movie player, as shown in Figure 6. 
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