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Abstract 

In this paper we demonstrate duality between matter and light. Through mathematical derivation we show 

that every fundamental matter particle with non-zero rest mass can be represented by a pair of photons. The 

photons in the representation are not normal photons but a special kind of continuously generating and 

annihilating virtual photons, whose wave functions super impose to give the wave function of the non-zero 

rest mass particle and the representation is in agreement with the spin of the particle. We use this duality to 

derive De Broglie wavelength. We show that a moving matter wave has two frequency components, one of 

it is with De-Broglie wavelength h/P and the other one is with wavelength hc/E. We also correct the De-

Broglie wavelength for v = 0 where we show that there is only one frequency component for v = 0 with 

wavelength hc/E. Later in the paper we derive that every photon can be represented by a non-zero rest mass 

particle pair, one going below the speed of light and the other going above the speed of light. 
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I. INTRODUCTION 

Matter and light have been considered as composed of two different kind of particles; while matter particles 

have a non-zero rest mass, the light particles have zero rest mass. They are associated with different speeds; 

the speed of light is always same in all frames of reference but matter particles can never be accelerated to 

the speed of light [1]. Though both of these statements are correct, these do not rule out the possibility of 

quantum jumping particles from speeds less than light to speed greater than light [2] [3] [4] [5] [6] [7] [8] 

[9] [10] [11] [12] [1] [13] [14] [15]. 

It has been very difficult to break the speed of light barrier because the model of the fundamental particles 

is not complete. In this paper we propose a simpler and a more fundamental model with a few simple 

observations about the equations of energy and momentum. Using these observations we propose duality 

between matter and light and prove that this duality is consistent with the existing definition of energy and 

momentum. 

In the section II we propose and validate the first part of the matter and light duality, which is that every 

non-zero rest mass particle can be represented by a photon pair. The photons in the representation are not 

normal photons but a special kind of continuously generating and annihilating virtual photons, whose wave 

functions super impose to give the wave function of the non-zero rest mass particle and the representation 

is in agreement with the spin of the particle. Using this result in we prove that a matter wave is composed 

of two frequency components, one with the wavelength equal to De-Broglie wavelength /h P   [16] and 

the other component with the wavelength / Ehc  . 

In the section III we propose and validate the second part of the duality; representation of a photon as non-

zero mass particle pair with one particle with speed less than light and the other particle with speed greater 

than light.  We further derive energy, momentum and γ for the particles with speed greater than light.  

II. PARTICLE WITH NON-ZERO REST MASS REPRESENTATION AS A PHOTON PAIR 

<TODO> Model of a non-zero rest mass particle as photons in Feynman Diagram 

Statement 1:  

Let there be a non-zero rest mass particle P, stationary in an inertial frame of reference B and moving with 

a non-zero velocity V w.r.t. frame of reference A.  Then P can be represented by a photon pair; first photon 

in the V direction and the second one in the V direction in the frame of reference A. In the case of 0V 
, direction becomes singular, which means the photon pair can be assumed to be going in any direction with 

the first photon in exactly opposite direction of the second photon. 

Model: 

 

Validation of statement 1 for Energy and Momentum: 

Let us take a pair of photons with frequency  in reference frame B. If we take n as the unit vector in the 

direction of V then in frame of reference B: 

Total energy of the photon pair in B is: 

 2bE              … (1) 

Total momentum of the photon pair in in B is: 
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/ / 0bP n c n c           … (2) 

Now let us consider the frame of reference A. In A the photons undergo Doppler shift as: 

Energy of the away going photon in A is:  
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Energy of the in-coming photon in A is:  
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Where V v  

Thus total energy of the photon pair in A is: 
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From (2) & (3)  
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Similarly momentum in A is: 
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     … (5) 

From (4) & (5) 

2 2/ /a a bP E c V E c V         … (6) 

Equations (4) and (6) are the equations of mass and momentum transformations for non-zero mass 

matter particle across frame of reference. 
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The above proves that the representation works well with the relativistic momentum and energy 

transformations. From the above we can define the relation of the rest mass of the particle and the photon 

frequencies as: 

22bE mc       

22 /m c          … (7) 

A. Derivation of De-Broglie wavelength 

As we have shown in the proof of the statement 1 that non-zero mass particle can be represented by 2 

photons, let assume the particle P matter wave equation is given by the sum of 2 light waves opposite 

direction, which means: 

A A A      

As the frequency of A wave is given by 
1 /
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 and of A wave is given by 

1 /

1 /

v c

v c





in the frame 

of reference A, the sum of them leads to 2 frequencies:  
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Substitute   from equation (7) in equation (13)  
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(10) is the De-Broglie wavelength. 

In the above result we get another component 1 of the frequency as follows: 
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B. Wavelength at speed 0 

At speed = 0 there is a singularity in direction and there is only one component of matter wave with the 

wavelength /hc E   

<TODO> We need to look at the spin and other QM aspects. 

III. PHOTON REPRESENTATION AS TWO PARTICLES WITH NON-ZERO REST MASS 

<TODO> Model of photon as electron pair in Feynman Diagram 

Statement 3: 

Any photon can be represented as a pair of non-zero electrons, one going below the speed of light and the 

other going above the speed of light. If u  is the speed of the non-zero mass particle below the speed of 

light in the opposite direction of photon, 
2 /c u  is the speed of the other non-zero mass particle above the 

speed of light in the direction of photon. 

Validation: 

As per [17] [18] the energy and momentum of a particle going above the speed of light is given by:  

2 2 2/ / 1v cE mc v c            

2 2/ / 1v cP mv v c            

If we take v = 
2 /c u  
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Also 

2 2 2/ 1 /uE mc u c         … (14) 

2 2/ 1 /uP mu u c          … (15) 

Adding (12) & (14) 

2 2 2 2 2/ 1 / / 1 /pE mc u c mcu u c     
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Adding (13) & (15) 
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From (16) & (17)  

/p pE P c   

The above ratio of energy and momentum means that the combine energy and momentum of the pair of 

electrons one going below the speed of light and one going above the speed of light has the same momentum 

and energy of a photon. <TODO> We will look at the spin and other QM aspects. 
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