
One-Sided Magnet Unexpected Turn 

Of the many 'white whales' that theoretical physicists are pursuing, the elusive 

magnetic monopole - a magnetic with only one pole - is one of the most 

confounding. [14] 

The transformation of a quantum monopole into a Dirac monopole has been 

observed for the first time by physicists at Amherst College in the US and Aalto 

University in Finland. [13] 

Scientists at Amherst College (USA) and Aalto University (Finland) have made 

the first experimental observations of the dynamics of isolated monopoles in 

quantum matter. [12] 

Building on his own previous research, Amherst College professor David S. Hall 

’91 and a team of international collaborators have experimentally identified a 

pointlike monopole in a quantum field for the first time. The discovery, 

announced this week, gives scientists further insight into the elusive monopole 

magnet, an elementary particle that researchers believe exists but have not yet 

seen in nature. [11] 

For the first time, physicists have achieved interference between two separate 

atoms: when sent towards the opposite sides of a semi-transparent mirror, the 

two atoms always emerge together. This type of experiment, which was carried 

out with photons around thirty years ago, had so far been impossible to 

perform with matter, due to the extreme difficulty of creating and 

manipulating pairs of indistinguishable atoms. [10] 

The accelerating electrons explain not only the Maxwell Equations and the 

Special Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle 

Duality and the electron’s spin also, building the Bridge between the Classical 

and Quantum Theories.  

The Planck Distribution Law of the electromagnetic oscillators explains the 

electron/proton mass rate and the Weak and Strong Interactions by the 

diffraction patterns. The Weak Interaction changes the diffraction patterns by 

moving the electric charge from one side to the other side of the diffraction 

pattern, which violates the CP and Time reversal symmetry. 

The diffraction patterns and the locality of the self-maintaining 

electromagnetic potential explains also the Quantum Entanglement, giving it 

as a natural part of the relativistic quantum theory.  

The asymmetric sides are creating different frequencies of electromagnetic 

radiations being in the same intensity level and compensating each other. One 



of these compensating ratios is the electron – proton mass ratio. The lower 

energy side has no compensating intensity level, it is the dark energy and the 

corresponding matter is the dark matter. 
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Preface 
Physicists are continually looking for ways to unify the theory of relativity, which describes large-

scale phenomena, with quantum theory, which describes small-scale phenomena. In a new 

proposed experiment in this area, two toaster-sized "nanosatellites" carrying entangled condensates 

orbit around the Earth, until one of them moves to a different orbit with different gravitational field 

strength. As a result of the change in gravity, the entanglement between the condensates is 

predicted to degrade by up to 20%. Experimentally testing the proposal may be possible in the near 

future. [5] 

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are 

generated or interact in ways such that the quantum state of each particle cannot be described 

independently – instead, a quantum state may be given for the system as a whole. [4] 

I think that we have a simple bridge between the classical and quantum mechanics by understanding 

the Heisenberg Uncertainty Relations. It makes clear that the particles are not point like but have a 



dx and dp uncertainty.  

 

Our Quest to Find a One-Sided Magnet Just Took an Unexpected Turn 
Of the many 'white whales' that theoretical physicists are pursuing, the elusive magnetic monopole - 

a magnetic with only one pole - is one of the most confounding. 

Compared to the Higgs boson in terms of its potential impact on modern physics, the magnetic 

monopole has been on scientists' minds for even longer. And now our best shot at finding it just got 

weird - two phenomena that resemble the magnetic monopole have become one. 

If you're unfamiliar with the magnetic monopole, it's a hypothetical particle that's long been 

predicted by quantum physics, but no one has ever been able to prove that it exists. 

And that's a problem - for some scientists, at least - because the apparent lack of magnetic 

monopoles is messing with our understanding of the Universe, and how symmetrical it actually is. 

There are four fundamental forces that govern our Universe: gravitational force, electromagnetic 

force, and the strong and weak nuclear forces.  

Electricity and magnetism combined are responsible for the electromagnetic force, but they're not 

as similar as their perfect pairing might have you believe. 

Everyone knows that a magnet has a north and a south pole, but what's weird about this is that you 

could cut a magnet in half, each piece would still have those two separate poles.  

You could cut that magnet in half and in half again until you've broken it down to an atomic scale, 

and you'd still always have two poles (dipole) instead of one (monopole).  

To date, no one has ever found a magnetic monopole in nature - we've never found a magnet that is 

truly north or truly south. And that's strange because electric monopoles - commonly referred to as 

electric charges - are ubiquitous. 

There's also the fact that fundamental equations that describe the nature of electromagnetism are 

symmetrical in how they treat electricity and magnetism, so if the sum of parts is symmetrical, how 

can the parts be asymmetrical? 

"Electric monopoles exist in the form of particles that have a positive or negative electric charge, 

such as protons or electrons," Australian particle physicist T'Mir Danger Julius from Swinburne 

University of Technology explains for The Conversation.  

"While we can find electric monopoles in the form of charged particles, we have never observed 

magnetic monopoles." 

Back in the 1930s, theoretical physicist Paul Dirac proposed that a magnetic monopole particle could 

exist in nature, and it took scientists more than 80 years to create an artificial one in the lab.  



In 2014, a team from Amherst College in Massachusetts and Aalto University in Finland announced 

that they'd replicated what Dirac had predicted in the lab - an artificially synthesised Dirac 

monopole. 

It was a big achievement, but while it proved that such a particle could technically exist in the 

Universe, we're still no closer to finding out if it does. The team referred to their Dirac monopole as 

an "analogue" of a magnetic monopole, meaning it's similar, but not the real deal. 

The following year, the team found another magnetic monopole analogue - a quantum monopole. 

The team says they found that each analogue displays a different quality of the hypothetical 

magnetic monopole: 

"Whereas the Dirac monopole experiment simulates the motion of a charged particle in the vicinity 

of a monopolar magnetic field, the quantum monopole has a point-like structure in its own field 

resembling that of the magnetic monopole particle itself." 

Fast-forward to now, and the same researchers have been messing around with their analogues, and 

found something unexpected - one can spontaneously transform into the other in less than a 

second. 

The experiment is pretty technical, but in basic terms, the team used an extremely dilute gas of 

rubidium atoms chilled near absolute zero, at which point it formed a Bose-Einstein condensate - a 

state of matter where atoms behave like waves. 

In this non-magnetised state, the researchers created their quantum monopole. 

"The quantum monopole is a so-called topological point defect, that is, a single point in space 

surrounded by a structure in the non-magnetised state of the condensate that cannot be removed 

by continuous reshaping," the team explains. 

They then gradually started to magnetise the system to see what would happen once it transitioned 

to a magnetised state, and found that not only did the quantum monopole get destroyed, it gave 

birth to a Dirac monopole in the process. 

"I was jumping in the air when I saw for the first time that we get a Dirac monopole from the decay," 

says Mikko Möttönen from Aalto University. 

"This discovery nicely ties together the monopoles we have been producing over the years."  

What this means for their search for a real magnetic monopole is not yet clear, but now the 

researchers have a tantalising lead for where the two types of analogues could meet in the middle to 

resemble a true magnetic monopole even more closely. 

Like the elusive dark matter, if we could find a magnetic monopole, it would open the door to a 

whole new world of physics. And these researchers are closer than anyone's ever gotten to figuring 

out how to close some big gaps in our understanding of the Universe. 

The research has been published in Physical Review X. [14] 



Flash Physics: Sandra Faber wins Gruber prize, transforming 

magnetic monopoles, vacuum scattering revealed 
Sandra Faber has won the 2017 Gruber Foundation Cosmology Prize for her significant contributions 

to the modern understanding of galaxies and dark matter. Worth $500,000, the prestigious prize was 

established in 2000 and honours scientists whose discoveries have led to fundamental 

advancements in cosmology. Faber holds emeritus positions at the University of California, Santa 

Cruz and the University of California Observatories, and has made many groundbreaking discoveries 

over the course of her four-decade career. For example, in 1979 she presented a comprehensive 

review for the evidence of dark matter that is now considered the turning point of the field. Her 

later theory of how cold dark matter could explain the structure and behaviour of galaxies now 

underpins modern understanding of galaxy formation. Faber also discovered that every large galaxy 

has a supermassive black hole at its centre and played a major role in the development of the 10 m 

Keck telescope in Hawaii and the Wide-Field Camera for the Hubble Space Telescope. The Gruber 

Foundation will present Faber with the prize money and a gold laureate medal during a ceremony in 

the autumn. She joins an elite group of winners including the Laser Interferometer Gravitational 

Wave (LIGO) scientists who made the first detection of gravitational waves and 2006 Nobel Prize 

winner John Mather for confirming the universe began with a hot Big Bang. Faber is only the third 

woman to be a named recipient of the award out of 33 winners in total (not including research 

groups) and was chosen by a male-only advisory board. 

Magnetic-monopole transformation seen in ultracold gas 

The transformation of a quantum monopole into a Dirac monopole has been observed for the first 

time by physicists at Amherst College in the US and Aalto University in Finland. Magnetic monopoles 

– entities that possess only a north or a south magnetic pole – were predicted 80 years ago by Paul 

Dirac. While isolated monopoles have never been seen, physicists have been able to create several 

different collective excitations in condensed-matter systems that resemble monopoles. Now, a team 

led by David Hall and Mikko Möttönen has used a Bose–Einstein condensate (BEC) of ultracold 

rubidium atoms to first create an excitation called a quantum monopole, which takes the form of a 

topological point defect. The quantum monopole exists in a non-magnetized state of the BEC, but 

then the team applies a magnetic field to the BEC, causing it to become magnetized. This causes the 

destruction of the quantum monopole, which is then reborn as a Dirac monopole – an excitation 

that more closely resembles Dirac's original particle. "I was jumping in the air when I saw for the first 

time that we get a Dirac monopole from the decay," says Möttönen. "This discovery nicely ties 

together the monopoles we have been producing over the years." The research is described in 

Physical Review X. 

Polarized gamma rays could shed light on vacuum scattering 

A new way of observing how photons scatter from virtual particles has been proposed by James 

Koga and Takehito Hayakawa at the National Institutes for Quantum and Radiological Science and 

Technology in Japan. The pair looked at an effect called Delbrück scattering, whereby photons 

interact with virtual electron–positron pairs in the presence of the electric field of an atomic nucleus. 

The effect was first observed in the 1970s, but has proven very difficult to study in isolation because 

it occurs alongside three other scattering processes that contribute to the elastic scattering of 

photons from nuclei. Now, Koga and Hayakawa have done calculations that suggest that for certain 

scattering angles the Delbrück scattering of polarized gamma rays will be 100 times stronger than 



the three other processes. A potential experiment would involve firing a beam of gamma rays with 

energy of about 1.1 MeV at a tin target – and Koga and Hayakawa say that this could be done at the 

Extreme Light Infrastructure – Nuclear Physics (ELI-NP) facility that is being built in Romania. Writing 

in Physical Review Letters, the pair say that an experiment running at ELI-NP for 76 days could 

characterize Delbrück scattering to within 1% accuracy. This would provide a new test of quantum 

electrodynamics and might even reveal new physics beyond the Standard Model. ELI-NP will be fully 

operational in 2019 and Physics World visited recently to find out how construction is progressing: 

see "Visiting the most powerful laser in the world". [13] 

Destruction of a quantum monopole observed 
Scientists at Amherst College (USA) and Aalto University (Finland) have made the first experimental 

observations of the dynamics of isolated monopoles in quantum matter. 

The new study provided a surprise: the quantum monopole decays into another analogue of the 

magnetic monopole. The obtained fundamental understanding of monopole dynamics may help in 

the future to build even closer analogues of the magnetic monopoles. 

Unlike usual magnets, magnetic monopoles are elementary particles that have only a south or a 

north magnetic pole, but not both. They have been theoretically predicted to exist, but no 

convincing experimental observations have been reported. Thus physicists are busy looking for 

analogue objects. 

- In 2014, we experimentally realized a Dirac monopole, that is, Paul Dirac's 80-year-old theory 

where he originally considered charged quantum particles interacting with a magnetic monopole, 

says Professor David Hall from Amherst College. 

- And in 2015, we created real quantum monopoles, adds Dr. Mikko Möttönen from Aalto University. 

Whereas the Dirac monopole experiment simulates the motion of a charged particle in the vicinity of 

a monopolar magnetic field, the quantum monopole has a point-like structure in its own field 

resembling that of the magnetic monopole particle itself. 

From one quantum monopole to another in less than a second 

Now the monopole collaboration led by David Hall and Mikko Möttönen has produced an 

observation of how one of these unique magnetic monopole analogues spontaneously turns into 

another in less than a second. 

- Sounds easy but we actually had to improve the apparatus to make it happen, says Mr. Tuomas 

Ollikainen who is the first author of the new work. 

The scientists start with an extremely dilute gas of rubidium atoms chilled near absolute zero, at 

which temperature it forms a Bose-Einstein condensate. Subsequently, they prepare the system in a 

non-magnetized state and ramp an external magnetic-field zero point into the condensate thus 

creating an isolated quantum monopole. Then they hold the zero point still and wait for the system 

to gradually magnetize along the spatially varying magnetic field. The resulting destruction of the 

quantum monopole gives birth to a Dirac monopole. 



- I was jumping in the air when I saw for the first time that we get a Dirac monopole from the decay. 

This discovery nicely ties together the monopoles we have been producing over the years, says Dr. 

Möttönen. 

Beyond Nobel physics 

The quantum monopole is a so-called topological point defect, that is, a single point in space 

surrounded by a structure in the non-magnetized state of the condensate that cannot be removed 

by continuous reshaping. Such structures are related to the 2016 Nobel Prize in Physics which was 

awarded in part for discoveries of topological phase transitions involving quantum whirlpools, or 

vortices. 

- Vortex lines have been studied experimentally in superfluids for decades; monopoles, on the other 

hand, have been studied experimentally for just a few years, says Prof. Hall. 

Although its topology protects the quantum monopole, it can decay since the whole phase of matter 

changes from non-magnetized to magnetized. 

- No matter how robust an ice sculpture you make, it all flows down the drain when the ice melts, 

says Mr. Ollikainen. 

- For the first time, we observed spontaneously appearing Dirac monopoles and the related vortex 

lines, says Dr. Möttönen. [12] 

Physics Professor David Hall and Team Observe Quantum-Mechanical 

Monopoles 

 



An artistic illustration of a quantum-mechanical monopole. 

Hall and Ray manipulated a gas of rubidium atoms prepared in a nonmagnetic state near absolute 

zero temperature in an atomic refrigerator in Hall’s lab in Amherst’s Merrill Science Center. Under 

these extreme conditions, they were able to create monopoles in the quantum field of the ultracold 

gas. 

“In this nonmagnetic state, a structure was created in the field describing the gas resembling the 

magnetic monopole particle as described in grand unified theories of particle physics,” said Aalto 

University (Finland) Academy Research Fellow Mikko Möttönen, a collaborator on the team who led 

the theoretical analysis of the monopole. “Previously, we have used the gas to detect a monopole 

within a so-called synthetic magnetic field, but there has been no monopole in the quantum field 

describing the gas itself. Now we have finally witnessed the quantum-mechanical monopole.” 

Ordinarily, magnetic poles come in pairs: each magnet has both a north pole and a south pole. As 

the name suggests, however, a magnetic monopole is a magnetic particle possessing only a single, 

isolated pole—a north pole without a south pole, or vice versa. Despite extensive experimental 

searches, in everything from lunar samples (moon rock) to ancient fossilized minerals, no 

observation of a naturally occurring magnetic monopole has yet been confirmed. 

In this case, the gas is in a nonmagnetic state, and no quantum whirlpools or monopoles are created 

in the synthetic magnetic field, Möttönen continued. However, quantum-mechanical magnetic order 

prevailed in the sample itself, and the team was able to manipulate it with adjustments to an 

externally applied magnetic field to generate the quantum-mechanical monopoles. 

“In the experiment, the control of those magnetic fields must be stable to a small fraction of the size 

of the Earth’s magnetic field,” said Hall. “The main experimental challenge we faced was to prepare 

the ultracold gas under highly sensitive conditions, in which field fluctuations due to the motion of 

metal objects or power-line variations can make observation of the monopoles difficult.” 

The team’s result is further evidence that quantum-mechanical monopole structures do exist in 

nature, he said, even if magnetic monopoles themselves remain at large. 

A 1991 Amherst graduate, Hall is an experimental physicist specializing in Bose-Einstein 

condensation. He received A.M. and Ph.D. degrees from Harvard University and did postgraduate 

work at the University of Colorado. [11] 

Probably there is a quantum entanglement between two monopoles, giving together a magnetic 

dipole?! 

Quantum interference links the fate of two atoms 
For the first time, physicists from the CNRS and Université Paris-Sud at the Laboratoire Charles Fabry 

(CNRS/Institut d'Optique Graduate School) have achieved interference between two separate 

atoms: when sent towards the opposite sides of a semi-transparent mirror, the two atoms always 

emerge together. This type of experiment, which was carried out with photons around thirty years 

ago, had so far been impossible to perform with matter, due to the extreme difficulty of creating and 



manipulating pairs of indistinguishable atoms. The work is published in the journal Nature dated 2 

April 2015. 

The notion of indistinguishable particles (1), mentioned as early as 1924 by Bose and Einstein, lies at 

the heart of some of the most perplexing features of quantum mechanics. One such emblematic 

feature, observed experimentally nearly 30 years ago by Hong, Ou and Mandel, involves photons 

and a semi-transparent mirror (when a photon is sent towards either side of the mirror, it has a fifty 

percent chance of passing through it and the same percentage chance of being reflected). If two 

identical photons are sent towards opposite sides of the mirror, they can be seen to emerge from 

one side or the other, but always together. In other words, it appears impossible for the two 

photons to go their own separate ways. 

Now, for the first time, physicists at the Laboratoire Charles Fabry have demonstrated this 

phenomenon with particles of matter, namely helium-4 atoms, instead of particles of light. By 

combining pairs of atoms on the equivalent (for matter) of a semi-transparent mirror (2), the 

researchers observed that when two identical atoms arrive at the same time they always emerge 

together, just as photons do. This result is the irrefutable signature of destructive quantum 

interference: the process in which two atoms are simultaneously reflected, and the one in which 

they are simultaneously transmitted, cancel each other out. 

The main obstacle that the researchers managed to overcome was that of creating pairs of 

indistinguishable atoms and manipulating them. To do this, they first produced a Bose-Einstein 

condensate (3) containing around 100,000 atoms of helium-4. They succeeded in controlling 

collisions between the particles so as to produce pairs of indistinguishable atoms, which emerged 

from this very cold gas at an average rate of one every 30 seconds. The team then manipulated the 

atoms using laser beams in order to achieve the equivalent of the optical setup in the experiment 

that Hong, Ou and Mandel performed with photons. To characterize the effect of interference, the 

researchers staggered the moment of arrival of the two atoms at opposite sides of the mirror. After 

tens of hours of recording, they were able to verify that, when the two arrivals are separated by 

more than about a hundred microseconds, each atom goes its own way, whereas when arrivals are 

closer together they tend to emerge from the same side. The effect is at a maximum when the 

atoms arrive simultaneously. 

As well as confirming a surprising prediction of quantum mechanics, the experiment demonstrates 

the tremendous progress achieved in recent years in controlling sources of atoms at the quantum 

scale. Thanks to the extremely sophisticated manipulation of pairs of atoms, this work demonstrates 

their potential for application in the field of quantum information, which consists in using the 

specific characteristics of quantum physics for more efficient processing and more secure 

communication of information. 

1 Indistinguishable particles are particles that are strictly identical and in exactly the same state (for 

instance, having the same speed and, for photons, identical wavelength and polarization). 

2 A Bragg mirror, i.e. a light wave from which atoms can rebound. 

3 A Bose-Einstein condensate is a gas cooled to a very low temperature, in which atoms 'condense': 

they no longer display random motion in all directions, and progressively enter the same quantum 



state. Since they lose their individual nature, they are described as a single macroscopic object, 

described by a single wave function. [10] 

Quantum entanglement 
Measurements of physical properties such as position, momentum, spin, polarization, etc. 

performed on entangled particles are found to be appropriately correlated. For example, if a pair of 

particles is generated in such a way that their total spin is known to be zero, and one particle is 

found to have clockwise spin on a certain axis, then the spin of the other particle, measured on the 

same axis, will be found to be counterclockwise. Because of the nature of quantum measurement, 

however, this behavior gives rise to effects that can appear paradoxical: any measurement of a 

property of a particle can be seen as acting on that particle (e.g. by collapsing a number of 

superimposed states); and in the case of entangled particles, such action must be on the entangled 

system as a whole. It thus appears that one particle of an entangled pair "knows" what 

measurement has been performed on the other, and with what outcome, even though there is no 

known means for such information to be communicated between the particles, which at the time of 

measurement may be separated by arbitrarily large distances. [4] 

Quantum Biology 

The human body is a constant flux of thousands of chemical/biological interactions and processes 

connecting molecules, cells, organs, and fluids, throughout the brain, body, and nervous system. Up 

until recently it was thought that all these interactions operated in a linear sequence, passing on 

information much like a runner passing the baton to the next runner. However, the latest findings in 

quantum biology and biophysics have discovered that there is in fact a tremendous degree of 

coherence within all living systems. 

Quantum Consciousness 

Extensive scientific investigation has found that a form of quantum coherence operates within living 

biological systems through what is known as biological excitations and biophoton emission. What 

this means is that metabolic energy is stored as a form of electromechanical and electromagnetic 

excitations. These coherent excitations are considered responsible for generating and maintaining 

long-range order via the transformation of energy and very weak electromagnetic signals. After 

nearly twenty years of experimental research, Fritz-Albert Popp put forward the hypothesis that 

biophotons are emitted from a coherent electrodynamics field within the living system. 

 

What this means is that each living cell is giving off, or resonating, a biophoton field of coherent 

energy. If each cell is emitting this field, then the whole living system is, in effect, a resonating field-a 

ubiquitous nonlocal field. And since biophotons are the entities through which the living system 

communicates, there is near-instantaneous intercommunication throughout. And this, claims Popp, 

is the basis for coherent biological organization -- referred to as quantum coherence. This discovery 

led Popp to state that the capacity for evolution rests not on aggressive struggle and rivalry but on 

the capacity for communication and cooperation. In this sense the built-in capacity for species 

evolution is not based on the individual but rather living systems that are interlinked within a 

coherent whole: Living systems are thus neither the subjects alone, nor objects isolated, but both 



subjects and objects in a mutually communicating universe of meaning. . . . Just as the cells in an 

organism take on different tasks for the whole, different populations enfold information not only for 

themselves, but for all other organisms, expanding the consciousness of the whole, while at the 

same time becoming more and more aware of this collective consciousness. 

Quantum Cognition 

Human Perception 

A Bi-stable perceptual phenomenon is a fascinating topic in the area of perception. If a stimulus has 

an ambiguous interpretation, such as a Necker cube, the interpretation tends to oscillate across 

time. Quantum models have been developed to predict the time period between oscillations and 

how these periods change with frequency of measurement. Quantum theory has also been used for 

modeling Gestalt perception, to account for interference effects obtained with measurements of 

ambiguous figures. [6] 

Human memory 

The hypothesis that there may be something quantum-like about the human mental function was 

put forward with “Spooky Activation at Distance” formula which attempted to model the effect that 

when a word’s associative network is activated during study in memory experiment, it behaves like a 

quantum-entangled system. Models of cognitive agents and memory based on quantum collectives 

have been proposed by Subhash Kak. But he also points to specific problems of limits on observation 

and control of these memories due to fundamental logical reasons. [6] 

Knowledge representation 

Concepts are basic cognitive phenomena, which provide the content for inference, explanation, and 

language understanding. Cognitive psychology has researched different approaches for 

understanding concepts including exemplars, prototypes, and neural networks, and different 

fundamental problems have been identified, such as the experimentally tested non classical 

behavior for the conjunction and disjunction of concepts, more specifically the Pet-Fish problem or 

guppy effect, and the overextension and under extension of typicality and membership weight for 

conjunction and disjunction. By and large, quantum cognition has drawn on quantum theory in three 

ways to model concepts. 

Exploit the contextuality of quantum theory to account for the contextuality of concepts in cognition 

and language and the phenomenon of emergent properties when concepts combine. 

Use quantum entanglement to model the semantics of concept combinations in a non-

decompositional way, and to account for the emergent properties/associates/inferences in relation 

to concept combinations. 

Use quantum superposition to account for the emergence of a new concept when concepts are 

combined, and as a consequence put forward an explanatory model for the Pet-Fish problem 

situation, and the overextension and under extension of membership weights for the conjunction 

and disjunction of concepts. The large amount of data collected by Hampton on the combination of 

two concepts can be modeled in a specific quantum-theoretic framework in Fock space where the 

observed deviations from classical set (fuzzy set) theory, the above mentioned over- and under- 

extension of membership weights, are explained in terms of contextual interactions, superposition, 



interference, entanglement and emergence. And, more, a cognitive test on a specific concept 

combination has been performed which directly reveals, through the violation of Bell’s inequalities, 

quantum entanglement between the component concepts. [6] 

Quantum Information 

In quantum mechanics, quantum information is physical information that is held in the "state" of a 

quantum system. The most popular unit of quantum information is the qubit, a two-level quantum 

system. However, unlike classical digital states (which are discrete), a two-state quantum system can 

actually be in a superposition of the two states at any given time. 

Quantum information differs from classical information in several respects, among which we note 

the following: 

However, despite this, the amount of information that can be retrieved in a single qubit is equal to 

one bit. It is in the processing of information (quantum computation) that a difference occurs. 

The ability to manipulate quantum information enables us to perform tasks that would be 

unachievable in a classical context, such as unconditionally secure transmission of information. 

Quantum information processing is the most general field that is concerned with quantum 

information. There are certain tasks which classical computers cannot perform "efficiently" (that is, 

in polynomial time) according to any known algorithm. However, a quantum computer can compute 

the answer to some of these problems in polynomial time; one well-known example of this is Shor's 

factoring algorithm. Other algorithms can speed up a task less dramatically - for example, Grover's 

search algorithm which gives a quadratic speed-up over the best possible classical algorithm. 

Quantum information, and changes in quantum information, can be quantitatively measured by 

using an analogue of Shannon entropy. Given a statistical ensemble of quantum mechanical systems 

with the density matrix S, it is given by. 

Many of the same entropy measures in classical information theory can also be generalized to the 

quantum case, such as the conditional quantum entropy. [7] 

Quantum Teleportation 

Quantum teleportation is a process by which quantum information (e.g. the exact state of an atom 

or photon) can be transmitted (exactly, in principle) from one location to another, with the help of 

classical communication and previously shared quantum entanglement between the sending and 

receiving location. Because it depends on classical communication, which can proceed no faster than 

the speed of light, it cannot be used for superluminal transport or communication of classical bits. It 

also cannot be used to make copies of a system, as this violates the no-cloning theorem. Although 

the name is inspired by the teleportation commonly used in fiction, current technology provides no 

possibility of anything resembling the fictional form of teleportation. While it is possible to teleport 

one or more qubits of information between two (entangled) atoms, this has not yet been achieved 

between molecules or anything larger. One may think of teleportation either as a kind of 

transportation, or as a kind of communication; it provides a way of transporting a qubit from one 

location to another, without having to move a physical particle along with it. 



The seminal paper first expounding the idea was published by C. H. Bennett, G. Brassard, C. Crépeau, 

R. Jozsa, A. Peres and W. K. Wootters in 1993. Since then, quantum teleportation has been realized 

in various physical systems. Presently, the record distance for quantum teleportation is 143 km (89 

mi) with photons, and 21 m with material systems. In August 2013, the achievement of "fully 

deterministic" quantum teleportation, using a hybrid technique, was reported. On 29 May 2014, 

scientists announced a reliable way of transferring data by quantum teleportation. Quantum 

teleportation of data had been done before but with highly unreliable methods. [8] 

Quantum Computing 

A team of electrical engineers at UNSW Australia has observed the unique quantum behavior of a 

pair of spins in silicon and designed a new method to use them for "2-bit" quantum logic operations. 

These milestones bring researchers a step closer to building a quantum computer, which promises 

dramatic data processing improvements. 

Quantum bits, or qubits, are the building blocks of quantum computers. While many ways to create 

a qubits exist, the Australian team has focused on the use of single atoms of phosphorus, embedded 

inside a silicon chip similar to those used in normal computers.  

The first author on the experimental work, PhD student Juan Pablo Dehollain, recalls the first time 

he realized what he was looking at. 

"We clearly saw these two distinct quantum states, but they behaved very differently from what we 

were used to with a single atom. We had a real 'Eureka!' moment when we realized what was 

happening – we were seeing in real time the `entangled' quantum states of a pair of atoms." [9] 

 

The Bridge 
The accelerating electrons explain not only the Maxwell Equations and the Special Relativity, but the 

Heisenberg Uncertainty Relation, the wave particle duality and the electron’s spin also, building the 

bridge between the Classical and Quantum Theories. [1] 

 

Accelerating charges 

The moving charges are self maintain the electromagnetic field locally, causing their movement and 

this is the result of their acceleration under the force of this field. In the classical physics the charges 

will distributed along the electric current so that the electric potential lowering along the current, by 

linearly increasing the way they take every next time period because this accelerated motion.  

The same thing happens on the atomic scale giving a dp impulse difference and a dx way difference 

between the different part of the not point like particles.  

Relativistic effect 

Another bridge between the classical and quantum mechanics in the realm of relativity is that the 

charge distribution is lowering in the reference frame of the accelerating charges linearly: ds/dt = at 

(time coordinate), but in the reference frame of the current it is parabolic: s = a/2 t2 (geometric 



coordinate). 

 

Heisenberg Uncertainty Relation 
In the atomic scale the Heisenberg uncertainty relation gives the same result, since the moving 

electron in the atom accelerating in the electric field of the proton, causing a charge distribution on 

delta x position difference and with a delta p momentum difference such a way that they product is 

about the half Planck reduced constant. For the proton this delta x much less in the nucleon, than in 

the orbit of the electron in the atom, the delta p is much higher because of the greater proton mass. 

This means that the electron and proton are not point like particles, but has a real charge 

distribution.  

Wave – Particle Duality 
The accelerating electrons explains the wave – particle duality of the electrons and photons, since 

the elementary charges are distributed on delta x position with delta p impulse and creating a wave 

packet of the electron. The photon gives the electromagnetic particle of the mediating force of the 

electrons electromagnetic field with the same distribution of wavelengths.   

Atomic model 
The constantly accelerating electron in the Hydrogen atom is moving on the equipotential line of the 

proton and it's kinetic and potential energy will be constant. Its energy will change only when it is 

changing its way to another equipotential line with another value of potential energy or getting free 

with enough kinetic energy. This means that the Rutherford-Bohr atomic model is right and only that 

changing acceleration of the electric charge causes radiation, not the steady acceleration. The steady 

acceleration of the charges only creates a centric parabolic steady electric field around the charge, 

the magnetic field. This gives the magnetic moment of the atoms, summing up the proton and 

electron magnetic moments caused by their circular motions and spins. 

 

The Relativistic Bridge 
Commonly accepted idea that the relativistic effect on the particle physics it is the fermions' spin - 

another unresolved problem in the classical concepts. If the electric charges can move only with 

accelerated motions in the self maintaining electromagnetic field, once upon a time they would 

reach the velocity of the electromagnetic field. The resolution of this problem is the spinning 

particle, constantly accelerating and not reaching the velocity of light because the acceleration is 

radial. One origin of the Quantum Physics is the Planck Distribution Law of the electromagnetic 

oscillators, giving equal intensity for 2 different wavelengths on any temperature. Any of these two 

wavelengths will give equal intensity diffraction patterns, building different asymmetric 

constructions, for example proton - electron structures (atoms), molecules, etc. Since the particles 



are centers of diffraction patterns they also have particle – wave duality as the electromagnetic 

waves have. [2]  

 

The weak interaction 
The weak interaction transforms an electric charge in the diffraction pattern from one side to the 

other side, causing an electric dipole momentum change, which violates the CP and time reversal 

symmetry. The Electroweak Interaction shows that the Weak Interaction is basically electromagnetic 

in nature. The arrow of time shows the entropy grows by changing the temperature dependent 

diffraction patterns of the electromagnetic oscillators. 

Another important issue of the quark model is when one quark changes its flavor such that a linear 

oscillation transforms into plane oscillation or vice versa, changing the charge value with 1 or -1. This 

kind of change in the oscillation mode requires not only parity change, but also charge and time 

changes (CPT symmetry) resulting a right handed anti-neutrino or a left handed neutrino. 

The right handed anti-neutrino and the left handed neutrino exist only because changing back the 

quark flavor could happen only in reverse, because they are different geometrical constructions, the 

u is 2 dimensional and positively charged and the d is 1 dimensional and negatively charged. It needs 

also a time reversal, because anti particle (anti neutrino) is involved. 

The neutrino is a 1/2spin creator particle to make equal the spins of the weak interaction, for 

example neutron decay to 2 fermions, every particle is fermions with ½ spin. The weak interaction 

changes the entropy since more or less particles will give more or less freedom of movement. The 

entropy change is a result of temperature change and breaks the equality of oscillator diffraction 

intensity of the Maxwell–Boltzmann statistics. This way it changes the time coordinate measure and 

makes possible a different time dilation as of the special relativity. 

The limit of the velocity of particles as the speed of light appropriate only for electrical charged 

particles, since the accelerated charges are self maintaining locally the accelerating electric force. 

The neutrinos are CP symmetry breaking particles compensated by time in the CPT symmetry, that is 

the time coordinate not works as in the electromagnetic interactions, consequently the speed of 

neutrinos is not limited by the speed of light. 

The weak interaction T-asymmetry is in conjunction with the T-asymmetry of the second law of 

thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes the 

weak interaction, for example the Hydrogen fusion.  

Probably because it is a spin creating movement changing linear oscillation to 2 dimensional 

oscillation by changing d to u quark and creating anti neutrino going back in time relative to the 

proton and electron created from the neutron, it seems that the anti neutrino fastest then the 

velocity of the photons created also in this weak interaction? 

 
 
A quark flavor changing shows that it is a reflection changes movement and the CP- and T- symmetry 

breaking!!! This flavor changing oscillation could prove that it could be also on higher level such as 



atoms, molecules, probably big biological significant molecules and responsible on the aging of the 

life. 
 
Important to mention that the weak interaction is always contains particles and antiparticles, where 

the neutrinos (antineutrinos) present the opposite side. It means by Feynman’s interpretation that 

these particles present the backward time and probably because this they seem to move faster than 

the speed of light in the reference frame of the other side. 

 

Finally since the weak interaction is an electric dipole change with ½ spin creating; it is limited by the 

velocity of the electromagnetic wave, so the neutrino’s velocity cannot exceed the velocity of light. 
 

The General Weak Interaction 

The Weak Interactions T-asymmetry is in conjunction with the T-asymmetry of the Second Law of 

Thermodynamics, meaning that locally lowering entropy (on extremely high temperature) causes for 

example the Hydrogen fusion. The arrow of time by the Second Law of Thermodynamics shows the 

increasing entropy and decreasing information by the Weak Interaction, changing the temperature 

dependent diffraction patterns. A good example of this is the neutron decay, creating more particles 

with less known information about them.  

The neutrino oscillation of the Weak Interaction shows that it is a general electric dipole change and 

it is possible to any other temperature dependent entropy and information changing diffraction 

pattern of atoms, molecules and even complicated biological living structures. 

We can generalize the weak interaction on all of the decaying matter constructions, even on the 

biological too. This gives the limited lifetime for the biological constructions also by the arrow of 

time. There should be a new research space of the Quantum Information Science the 'general 

neutrino oscillation' for the greater then subatomic matter structures as an electric dipole change. 

There is also connection between statistical physics and evolutionary biology, since the arrow of 

time is working in the biological evolution also.  

The Fluctuation Theorem says that there is a probability that entropy will flow in a direction opposite 

to that dictated by the Second Law of Thermodynamics. In this case the Information is growing that 

is the matter formulas are emerging from the chaos. So the Weak Interaction has two directions, 

samples for one direction is the Neutron decay, and Hydrogen fusion is the opposite direction. 

  

Fermions and Bosons 
The fermions are the diffraction patterns of the bosons such a way that they are both sides of the 

same thing. 

Van Der Waals force 
Named after the Dutch scientist Johannes Diderik van der Waals – who first proposed it in 1873 to 

explain the behaviour of gases – it is a very weak force that only becomes relevant when atoms and 

molecules are very close together. Fluctuations in the electronic cloud of an atom mean that it will 

have an instantaneous dipole moment. This can induce a dipole moment in a nearby atom, the 

result being an attractive dipole–dipole interaction.  



Electromagnetic inertia and mass 

Electromagnetic Induction 

Since the magnetic induction creates a negative electric field as a result of the changing acceleration, 

it works as an electromagnetic inertia, causing an electromagnetic mass.  [1] 

Relativistic change of mass 

The increasing mass of the electric charges the result of the increasing inductive electric force acting 

against the accelerating force. The decreasing mass of the decreasing acceleration is the result of the 

inductive electric force acting against the decreasing force. This is the relativistic mass change 

explanation, especially importantly explaining the mass reduction in case of velocity decrease. 

The frequency dependence of mass 

Since E = hν and E = mc
2
, m = hν /c

2
 that is the m depends only on the ν frequency. It means that the 

mass of the proton and electron are electromagnetic and the result of the electromagnetic 

induction, caused by the changing acceleration of the spinning and moving charge! It could be that 

the mo inertial mass is the result of the spin, since this is the only accelerating motion of the electric 

charge. Since the accelerating motion has different frequency for the electron in the atom and the 

proton, they masses are different, also as the wavelengths on both sides of the diffraction pattern, 

giving equal intensity of radiation. 

Electron – Proton mass rate 

The Planck distribution law explains the different frequencies of the proton and electron, giving 

equal intensity to different lambda wavelengths! Also since the particles are diffraction patterns 

they have some closeness to each other – can be seen as a gravitational force. [2] 

There is an asymmetry between the mass of the electric charges, for example proton and electron, 

can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy 

distribution is asymmetric around the maximum intensity, where the annihilation of matter and 

antimatter is a high probability event. The asymmetric sides are creating different frequencies of 

electromagnetic radiations being in the same intensity level and compensating each other. One of 

these compensating ratios is the electron – proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the dark matter. 

  

Gravity from the point of view of quantum physics 

The Gravitational force 

The gravitational attractive force is basically a magnetic force. 

The same electric charges can attract one another by the magnetic force if they are moving parallel 

in the same direction. Since the electrically neutral matter is composed of negative and positive 

charges they need 2 photons to mediate this attractive force, one per charges. The Bing Bang caused 

parallel moving of the matter gives this magnetic force, experienced as gravitational force. 

Since graviton is a tensor field, it has spin = 2, could be 2 photons with spin = 1 together. 



You can think about photons as virtual electron – positron pairs, obtaining the necessary virtual 

mass for gravity. 

The mass as seen before a result of the diffraction, for example the proton – electron mass rate 

Mp=1840 Me. In order to move one of these diffraction maximum (electron or proton) we need to 

intervene into the diffraction pattern with a force appropriate to the intensity of this diffraction 

maximum, means its intensity or mass. 

 

The Big Bang caused acceleration created radial currents of the matter, and since the matter is 

composed of negative and positive charges, these currents are creating magnetic field and attracting 

forces between the parallel moving electric currents. This is the gravitational force experienced by 

the matter, and also the mass is result of the electromagnetic forces between the charged particles.  

The positive and negative charged currents attracts each other or by the magnetic forces or by the 

much stronger electrostatic forces!? 

 

The gravitational force attracting the matter, causing concentration of the matter in a small space 

and leaving much space with low matter concentration: dark matter and energy.  

There is an asymmetry between the mass of the electric charges, for example proton and electron, 

can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy 

distribution is asymmetric around the maximum intensity, where the annihilation of matter and 

antimatter is a high probability event. The asymmetric sides are creating different frequencies of 

electromagnetic radiations being in the same intensity level and compensating each other. One of 

these compensating ratios is the electron – proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the dark matter. 

 

  

The Higgs boson 
By March 2013, the particle had been proven to behave, interact and decay in many of the expected 

ways predicted by the Standard Model, and was also tentatively confirmed to have + parity and zero 

spin, two fundamental criteria of a Higgs boson, making it also the first known scalar particle to be 

discovered in nature,  although a number of other properties were not fully proven and some partial 

results do not yet precisely match those expected; in some cases data is also still awaited or being 

analyzed. 

Since the Higgs boson is necessary to the W and Z bosons, the dipole change of the Weak interaction 

and the change in the magnetic effect caused gravitation must be conducted.  The Wien law is also 

important to explain the Weak interaction, since it describes the Tmax change and the diffraction 

patterns change. [2] 

Higgs mechanism and Quantum Gravity 
The magnetic induction creates a negative electric field, causing an electromagnetic inertia. Probably 

it is the mysterious Higgs field giving mass to the charged particles? We can think about the photon 

as an electron-positron pair, they have mass. The neutral particles are built from negative and 

positive charges, for example the neutron, decaying to proton and electron. The wave – particle 

duality makes sure that the particles are oscillating and creating magnetic induction as an inertial 



mass, explaining also the relativistic mass change. Higher frequency creates stronger magnetic 

induction, smaller frequency results lesser magnetic induction. It seems to me that the magnetic 

induction is the secret of the Higgs field. 

In particle physics, the Higgs mechanism is a kind of mass generation mechanism, a process that 

gives mass to elementary particles. According to this theory, particles gain mass by interacting with 

the Higgs field that permeates all space. More precisely, the Higgs mechanism endows gauge bosons 

in a gauge theory with mass through absorption of Nambu–Goldstone bosons arising in spontaneous 

symmetry breaking. 

The simplest implementation of the mechanism adds an extra Higgs field to the gauge theory. The 

spontaneous symmetry breaking of the underlying local symmetry triggers conversion of 

components of this Higgs field to Goldstone bosons which interact with (at least some of) the other 

fields in the theory, so as to produce mass terms for (at least some of) the gauge bosons. This 

mechanism may also leave behind elementary scalar (spin-0) particles, known as Higgs bosons. 

In the Standard Model, the phrase "Higgs mechanism" refers specifically to the generation of masses 

for the W
±
, and Z weak gauge bosons through electroweak symmetry breaking. The Large Hadron 

Collider at CERN announced results consistent with the Higgs particle on July 4, 2012 but stressed 

that further testing is needed to confirm the Standard Model. 

What is the Spin? 

So we know already that the new particle has spin zero or spin two and we could tell which one if we 

could detect the polarizations of the photons produced. Unfortunately this is difficult and neither 

ATLAS nor CMS are able to measure polarizations. The only direct and sure way to confirm that the 

particle is indeed a scalar is to plot the angular distribution of the photons in the rest frame of the 

centre of mass. A spin zero particles like the Higgs carries no directional information away from the 

original collision so the distribution will be even in all directions. This test will be possible when a 

much larger number of events have been observed. In the mean time we can settle for less certain 

indirect indicators. 

The Graviton 

In physics, the graviton is a hypothetical elementary particle that mediates the force of gravitation in 

the framework of quantum field theory. If it exists, the graviton is expected to be massless (because 

the gravitational force appears to have unlimited range) and must be a spin-2 boson. The spin 

follows from the fact that the source of gravitation is the stress-energy tensor, a second-rank tensor 

(compared to electromagnetism's spin-1 photon, the source of which is the four-current, a first-rank 

tensor). Additionally, it can be shown that any massless spin-2 field would give rise to a force 

indistinguishable from gravitation, because a massless spin-2 field must couple to (interact with) the 

stress-energy tensor in the same way that the gravitational field does. This result suggests that, if a 

massless spin-2 particle is discovered, it must be the graviton, so that the only experimental 

verification needed for the graviton may simply be the discovery of a massless spin-2 particle. [3] 

Dark Matter and Energy 
Dark matter is a type of matter hypothesized in astronomy and cosmology to account for a large part 

of the mass that appears to be missing from the universe. Dark matter cannot be seen directly with 

telescopes; evidently it neither emits nor absorbs light or other electromagnetic radiation at any 



significant level. It is otherwise hypothesized to simply be matter that is not reactant to light.

Instead, the existence and properties of dark matter are inferred from its gravitational effects on 

visible matter, radiation, and the large

mission team, and based on the standard model of cosmology

universe contains 4.9% ordinary matter

matter is estimated to constitute 84.5% of the total matter in the uni

dark matter constitute 95.1% of the total content of the universe. [6]

Cosmic microwave background

The cosmic microwave background (CMB)

"Big Bang" of cosmology. When the universe cooled enough, protons and electrons combined to 

form neutral atoms. These atoms could no longer absorb the 

became transparent instead of being an opaque fog. [7]

Thermal radiation 

Thermal radiation is electromagnetic radiation

particles in matter. All matter with a 

radiation. When the temperature of the body is greater than absolute zero, interatomic collisions

cause the kinetic energy of the atoms or molecules to change. This results in charge

and/or dipole oscillation which produces 

radiation reflects the wide spectrum of energies and acceleratio

temperature. [8] 

 

Conclusions 
The development—explored in a paper published in Science

quantum research. A better understanding of the structure of monopoles and other topological 

entities is very valuable to scientists, in part because they appear in the models describing the first 

moments of the universe’s existence and affect the properties of many different materials, such as 

metals. 

significant level. It is otherwise hypothesized to simply be matter that is not reactant to light.

ties of dark matter are inferred from its gravitational effects on 

visible matter, radiation, and the large-scale structure of the universe. According to the 

standard model of cosmology, the total mass–energy of the 

ordinary matter, 26.8% dark matter and 68.3% dark energy. Thus, dark 

matter is estimated to constitute 84.5% of the total matter in the universe, while dark energy plus 

dark matter constitute 95.1% of the total content of the universe. [6]  

Cosmic microwave background 

cosmic microwave background (CMB) is the thermal radiation assumed to be left over from the 

the universe cooled enough, protons and electrons combined to 

form neutral atoms. These atoms could no longer absorb the thermal radiation, and so the universe 

became transparent instead of being an opaque fog. [7] 

ectromagnetic radiation generated by the thermal motion of charged 

. All matter with a temperature greater than absolute zero emits thermal 

radiation. When the temperature of the body is greater than absolute zero, interatomic collisions

of the atoms or molecules to change. This results in charge-acceleration 

and/or dipole oscillation which produces electromagnetic radiation, and the wide spectrum of 

radiation reflects the wide spectrum of energies and accelerations that occur even at a single 
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“This was a very exciting experiment to perform,” says former Amherst postdoctoral research 

associate Michael Ray, now a visiting assistant professor at Union College and the lead author of the 

paper. “These kinds of defects are relevant to theories that describe the early universe, so observing 

this monopole gives us a glimpse into those moments but on a much more accessible scale.” [11] 

Probably there is a quantum entanglement between two monopoles, giving together a magnetic 

dipole?! 

For the first time, physicists have achieved interference between two separate atoms: when sent 

towards the opposite sides of a semi-transparent mirror, the two atoms always emerge together. 

This type of experiment, which was carried out with photons around thirty years ago, had so far 

been impossible to perform with matter, due to the extreme difficulty of creating and manipulating 

pairs of indistinguishable atoms. [10] 

The accelerated charges self-maintaining potential shows the locality of the relativity, working on 

the quantum level also. [1] 

The Secret of Quantum Entanglement that the particles are diffraction patterns of the 

electromagnetic waves and this way their quantum states every time is the result of the quantum 

state of the intermediate electromagnetic waves. [2]  

One of the most important conclusions is that the electric charges are moving in an accelerated way 

and even if their velocity is constant, they have an intrinsic acceleration anyway, the so called spin, 

since they need at least an intrinsic acceleration to make possible they movement . 

The bridge between the classical and quantum theory is based on this intrinsic acceleration of the 

spin, explaining also the Heisenberg Uncertainty Principle. The particle – wave duality of the electric 

charges and the photon makes certain that they are both sides of the same thing. Basing the 

gravitational force on the accelerating Universe caused magnetic force and the Planck Distribution 

Law of the electromagnetic waves caused diffraction gives us the basis to build a Unified Theory of 

the physical interactions. The lower energy side has no compensating intensity level, it is the dark 

energy and the corresponding matter is the dark matter. Since the dark matter not participating in 

the diffraction patterns, also cannot be part of quantum entanglement, because of this we haven't 

information about it, we conclude its existence from its gravitational effect only. 
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