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Abstract 

 

As an attempt to gain some deeper insight into the nature of „fundamental-particles‟, and the 

quantum-mechanical-waves, we express here the „energy-momentum-four-vector‟ of the Special 

Theory of Relativity purely in terms of waves. From this attempt it appears that: (i) a „particle‟ of 

„matter‟ is a standing-wave, which experiences two-sided Doppler-shift when it is in motion; (ii) 

de-Broglie‟s „matter-waves‟ are „envelop-variations‟ of the actual physical wave; and (iii) it may 

be possible in theory at least, to make deterministic-predictions of the outcome of double-slit-

experiments. 

 

1. Introduction 
 

Prince Louis de Broglie, the first proposer of „matter-waves‟, strongly believed that the wave 

described by the de Broglie wavelength are real physical waves; and his belief did not change till 

1970 [1]. Scientists like Einstein were not happy with the „probabilistic-interpretation‟ of 

„matter-waves‟; according to him “GOD does not play dies”. This writer has been of the opinion 

that: (i) if there were chance-phenomena at the sub-microscopic level, then there can not be any 

order in the macroscopic world; and (ii) if space were „void extension of nothingness‟ then 

„curvature-of-space‟ and „expansion-of-space‟ can have no meaning. Therefore, as an attempt to 

gain some deeper insight into the nature of „fundamental-particles‟ and „the quantum-

mechanical-waves‟ we shall express here the „energy-momentum-four-vector‟ of the Special 

Theory of Relativity purely in terms of waves. From this attempt we will be led to a conclusion 

that: (i) a „particle‟ of „matter‟ is a standing-wave, which experiences two-sided Doppler-shift 

when it is in motion; (ii) de-Broglie‟s „matter-waves‟ are „envelop-variations‟ of the actual 

physical wave; and (iii) it may be possible, in theory at least, to make deterministic-predictions 

of the outcome of double-slit-experiments. 

  

2. Detailed Description 

 

The relationship among the „energy-momentum-four-vectors‟ of the Special Theory of Relativity 

is: 
 
(m c

2
)
2 

- p
2
 c

2
 = (m0 c

2
)
2
. We can express this relation as a right-angle-triangle of the fig.1(a) 

below, whose three sides are also related similarly. The three sides of the right-angle-triangle can 

also be viewed as vectors, as shown in the figure-1(a). Now, we know that communications-

engineers represent electric-signals like Sin (t) and Cos (t) as rotating „vectors‟. Similarly, we 

can translate the vectors of the fig.1(a) as „signals‟ shown in the fig.1(b), and will be described in 

detail soon, as was first attempted in [2]. 
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In the figure: 1(a), the horizontal vector m v represents the magnitude and direction of vector-

sum of three components of momentum m vx , m vy  and m vz . 

Now, by using Planck‟s relation, E =   , and Einstein‟s relation, E = m c
2
, we get the 

relations:  m c
2
 =    ; therefore,  m c =  /c , m0 c =  0 /c , and : 

For the momentum, m v = m0 v / (1- v
2
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2
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i.e. m v  = m0 v c / ( c
2
- v
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i.e. m v  = (  0 / 2 c ) [ 2 v / [(c - v) ( c + v) ]
1/2

 

i.e. m v =  (  0 / 2 c ) [ {( c + v) / (c - v) }
1/2

 -  { (c - v) / ( c + v) }
1/2

 ] 

i.e  m v =   [   0 {( c + v) / (c - v) }
1/2

 } -    0 { (c - v) / ( c + v) }
1/2

 ] / 2c   ……………..(1) 

We can write 1 for the term,  0 {( c + v) / (c - v) }
1/2

 , and we know that 1 is a longitudinally 

Doppler-shifted frequency, when the source of light of frequency 0 „approaches’ the observer 

with a relative-velocity v. Similarly, we can write 2 for the term, 0 { (c - v) / ( c + v) }
1/2

 , and 

we know that 2 is a longitudinally Doppler-shifted frequency, when the source of light of 

frequency 0 „moves away’  from the observer with a relative-velocity v. So, we can write:  

m v  =  [  1 -  2] / 2c , as shown in the  figure:1(b). 

The expression-1 can be interpreted as follows: We can consider a „particle‟ of „matter‟ as a 

„standing-wave‟ formed by a combination of two waves traveling in opposite directions with a 

velocity c. The wave traveling in the forward direction gets Doppler-shifted such that: 

1 = 0 {( c + v) / (c - v) }
1/2

 ; and  for the wave traveling in the opposite direction, we should 

take (-c ) for c,  so the Doppler-shifted-frequency 2  =  0 { (c - v) / ( c + v) }
1/2

. Thus we can 

express the momentum of a particle as  m v  =  [  1 -  2] / 2c .  

Similarly, we can express the „energy‟ of a moving „particle‟ as E = [  1 +  2] / 2 .  

This discussion leads us to physical interpretation of De-Broglie‟s „matter-wave‟ as „envelop-

variations’ of the combined wave, composed of two waves traveling in opposite directions. And 

„energy‟ of a „moving-particle‟ is the „summation of energies’ of the two constituent-waves 

traveling in the opposite directions and initially having half of the rest-mass-energy.  

Thus, we are led to an insight that a stationary-particle is a „standing-wave‟ of frequency 0 as 

shown in the figure-2 below, as was first expressed by this author in the reference-3. 
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Annihilation of the „electron-positron-pair‟ leaving behind a pair of „photons‟; and the „photon-

photon-interactions‟ of two gamma-photons also provide a supportive-evidence for the 

„standing-wave-nature‟ of „particles‟ proposed here. We know from the experience of 

„directional-antennae‟ and „arrays‟ that when wave-amplitudes cancel in one direction, their 

energy gets added in the other direction; so the electron and the positron which were 

approaching, experience cancellation of one of their constituent waves in the forward direction 

and constructive addition of the other constituent waves, converting them to photons, and 

moving away from each other. 

Finally, we know that a „particle‟ of „matter‟ is actually a spherical wave-packet. So, it contains a 

bell-shaped „band’ of frequencies, instead of only one frequency 0 so far considered by us. So 

the Doppler-shifts discussed by us are actually the shifts of the whole „bands‟ of the frequencies; 

and 0 , 1  and 2 are just „mean-values‟ of the wide bands. 
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Now, as discussed in the reference-4, by a „particle‟ we mean an entity which is localized in an 

extremely small space as shown in the fig.3 below: 

 

 
 

so, a „particle‟ can be mathematically represented in the space-domain as an impulse-function. 

This impulse-function can be Fourier-transformed into the „wave-number-domain‟. Then 

assuming a constant velocity of transmission of these waves, at the velocity of light, we can 

represent these waves in the „frequency-domain‟, as a wide band of frequencies, as shown in the 

fig.3. A particle of matter has a wide band of frequency-spectrum and a definite phase-spectrum. 

When this wide band of waves travels in space, then a „particle‟ becomes manifest only at a 

place and time when-and-where all the spectral-components add constructively, and have a 

particular, definite phase-relation, otherwise the particle remains dissolved in the un-manifest-

state.  

In the next page, a figure is shown, how „waves‟ can assume the form of „particles‟: 
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A figure showing „waves‟ becoming 'particles'; as we add more and more higher-

harmonics to the fundamental-wave, they go on getting localized, like the 

„particles‟.  
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2. Some insight into de-Broglie’s ‘matter-waves’; and the out-come of double-slit-

experiment: 
 

The wavelength of de-Broglie‟s „matter-waves‟ is conventionally expressed as: λB = h / m v . 

Now, based on the expression-1:   λB =  2 h c / [   1 -  2] ………………….………….(2) 

We can find the wavelengths:  λ1 = h c /   1   and  λ2 = h c /   2 

Where: λ1 is wavelength of the Doppler-shifted-wave approaching the observer; and λ2 is 

wavelength of the Doppler-shifted-wave moving-away from  the observer. From the expression-2 

we find that de-Broglie-wavelength is a „distance between the two constructive-superimpositions 

of the two Doppler-shifted constituent-waves‟, as shown in the figures below: 
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Fig.5: The waves in blue-color showing superimposition of two Doppler-shifted-waves; and 

the wave in red-color, showing envelop-variations of the superimposed-waves, which is 

actually the de Broglie’s ‘matter-wave’. As the difference between the two Doppler-shifted-

waves increases, the de-Broglie-wavelength goes on reducing. 

 

When wavelengthsλ1 and λ2  of the two waves are equal, then the next place of constructive-

superimposition can be at the infinite distance. As the difference between λ1 and λ2 gets 

increased, the places of their next superimpositions come closer-and-closer, reducing de-

Broglie‟s wavelength λB, as shown in the above figures. And from the discussion of the 

preceding section we find that a „particle‟ is a superimposition of the two Doppler-shifted-waves, 

traveling in opposite directions. So, we can expect the detection of the „particle‟ only at a place 

and time where-and-when the two waves of two Doppler-shifted-wavelengths λ1 and λ2 add 

constructively; and not at the places where the wave of de-Broglie-wavelength add 

constructively; as is expected conventionally. Moreover, as we find from the Fourier-transform 

of the pulse-function, a „particle‟ is a band of frequencies, so, we can expect „detection‟ of the 

„particle‟ at the place where the spectral-components of this  whole band emerging from the 

double slits get added constructively, as shown in fig.5, and not just the wave of single de-

Broglie-wavelength, as is expected currently. 
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Based on this new insight it may be possible to make deterministic prediction of the place of next 

detection. Or, at least, with this insight we get an explanation, how difficult it is to make a 

deterministic-prediction, though it is possible in theory.  

 

3. Conclusion 

 

From the discussion of preceding sections we are led to an insight that a „particle‟ of „matter‟ is a 

„spherical-standing-wave‟; and when it moves with a velocity v, the constituent-waves of the 

standing-wave experience Doppler-shifts. Quantum-mechanical-waves, first known as de-

Broglie‟s „matter-waves‟, are „envelop-variations‟ of the combined two Doppler-shifted-waves. 

In the double-slit-experiments these two Doppler-shifted constituent-waves pass from both the 

slits; and when-and-where they add constructively, a „particle‟ gets detected. Detection of the 

„particle‟ is deterministically-predictable in theory; of course, since there are wide bands of 

constituent-waves, the prediction of place of their constructive-superimpositions is too complex.   
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