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Abstract 


Both electromagnetic radiation and fundamental particles when interpreted as waves fit the Planck-Einstein relation, E = hf. The universality of this relation as proposed by de Broglie suggests that electromagnetism and fundamental particles are compositionally and functionally related elements. In this usage, the interpretation is that frequency is a intrinsic property of all fundamental wave or particle quanta, regardless of their inertial or non-inertial motion. By this analysis, intrinsic wave-particle frequency is a non-dimensional motion, and is independent of other motion except in the relativistic sense. The relativistic relations, mass = mo/ ((1 - v2/c2), length = lo((1 - v2/c2), time = to/ ((1 - v2/c2), and frequency = fo ((1 - v2/c2), can each be derived from the single generalized relativistic expression, hf/mc2 = 1/((1 - v2/c2). This generalized expression defines the relativistic wave property common to both electromagnetic photons and fundamental material particles. The concept of mass-energy is related to the frequency property of the fundamental wave-particle. The equivalence of mass-energy suggests that mass and energy can be defined by the same principle. Therefore, mass or energy of all fundamental quanta can be defined mathematically using the Planck-Einstein relation (E = hf) or descriptively as the mass-energy equivalence of wave-particle frequency.
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1. Introduction


The Planck-Einstein relation, E = hf, successfully described the function of electromagnetic energy wave quanta and after 100 years remains the only empirically derived expression in physics that fundamentally defines energy.   Einstein’s E = mc2 applies strictly to mass-energy conversions of particles [1] but is distinctly not basic in that it provides no genuine explanation of fundamental particle mass or energy. While quantum mechanics has synthetically resolved the wave-particle conundrum, the physical reality of defining particle mass and energy escapes its grasp.  These provocations have resulted in a fuzzy explanation of internal particle “mass” and “energy”. Neither Newton’s (moving mass sense) nor Einstein’s (relativistic sense) defining framework of mass and energy is fulfilling to student inquiries as to exactly what is mass (or energy)? Defining particle mass-energy at its basic level remains incomplete. In lieu of other plausible explanations, can the Planck-Einstein relation, E = hf, be used as a model for portraying the physical reality of particle mass-energy function? To accept this simple supposition one must adopt the notion that electromagnetic quanta and material particles are of the same genre.  Thus, the proposed hypothesis is that electromagnetic radiation and fundamental particles are compositionally and functionally related elements. This suggests that electromagnetism and matter have a common structural foundation which extends the Planck-Einstein relation such that all material fundamental particles can be expressed as fundamental mass-energy wave quanta with frequency. Theories of Planck, Einstein and de Broglie provide crucial links in support of this hypothesis.


Max Planck’s suggestion in 1901 that light was transmitted in packaged quanta led Albert Einstein to propose in 1905 that light was a wave-particle energy quantum described by E = hf, and later known as the photon. Its transmission expresses characteristic wave behavior while its deceleration interaction with matter expresses particle behavior. Louis de Broglie’s 1923 suggestion that the electromagnetic Planck-Einstein relation between energy and wave frequency could be applied to all wave or particle forms made him the first to directly associate wave-like behavior with matter and he further suggested that this wave-particle association be universal [2,3]. 


This powerful statement of universality by de Broglie can be further generalized by using the Planck-Einstein relation to describe the constitutional makeup of all fundamental particles. de Broglie originally interpreted the paradox of a simultaneous wave and particle by his formulation (( = h/p) [3] that relies on momentum, thus the faster a particle moves, the shorter the wavelength. His formulation described the “flight” path of a particle in motion and much evidence supports his interpretation [4]. Another interpretation of de Broglie’s suggestion of the universality of E = hf suggests that all fundamental particles, in addition to having a wave flight path according to de Broglie’s formulation, are themselves literally composed of a wave form. This was Schrodinger’s original emphasis that led to his wave equation. Under this paper’s hypothesis, wave frequency is the internal property common to electromagnetic radiation and all fundamental material particles regardless of their inertial or non-inertial motion. As recently demonstrated, photons when slowed to very slow speeds [5], still maintain their constitution as photons because their internal motion is conserved. The critical, defining nature of photons is not their external motion, but their internal motion.  Similarly, fundamental particle quanta must be defined by their internal motion. This paper suggests that the Planck-Einstein relation can be used to describe the internal motion of wave frequency as the commonality of photon and fundamental particle that constitutes physical reality.

2. Internal motion

Using the Planck-Einstein relation as the model, non-kinetic internal mass-energy content of  fundamental particles  has a frequency measured in cycles/s (Hz) that is independent of  directional motion except in the relativistic sense. One consequence of this suggestion is that E = hf must correspond to E = mc2 for fundamental particles such that E = mc2 = hf, with mc2 = hf reduced for convenience to m = kf where the constant k = 7.375 ( 10-48g sec. de Broglie’s ( = h/p is derived directly from E= mc2 and E = hf  (by mv2 = hf), which re-affirms his idea of universality. By this interpretation any fundamental particle is a mass-energy wave quantum, for example, an electron (me =  9.1 ( 10-28 g) must have a frequency of 1.236 ( 1020 Hz, and a neutron (mn = 1.675 ( 10-24) must have a frequency of 2.271(1023 Hz. (Note that this usage is valid only for fundamental particles and for this analysis neutrons are treated as fundamental. The concept can not apply to compositional particles, e.g., nuclei, atoms, molecules, etc., including even neutrons and protons if they are in fact composed of fundamental quarks, however, this disputation is irrelevant to the purpose of this paper.)

3. Relativistic and quantum mechanical inference


The Planck-Einstein relation fits within the framework of relativity and quantum mechanics because internal wave motion exists under all conditions of inertial or non-inertial motion. The relativistic relations, mass = mo/ ((1 - v2/c2), length = lo((1 - v2/c2), time = to/ ((1 - v2/c2), momentum p = mv/((1 - v2/c2), and frequency = fo ((1 - v2/c2), can each be derived from the single generalized relativistic expression, hf/mc2 = 1/((1 - v2/c2). For example, the relativistic formulations for mass, m = mo/ ((1 - v2/c2), and frequency,  f/fo = ((1 - v2/c2), embody a frequency term and mass term, respectively, so that m =  kf/((1 - v2/c2) and f = (m/k) ((1 - v2/c2). This generalized expression exemplifies the relativistic wave property common to both electromagnetic photons and fundamental material particles. The Planck-Einstein relation, E = hf, provided the historical foundation for quantum mechanics and is fully compatible with it. The angular quantity h/2(  (as E = h() and frequency (as ( = 2(f)  permeate quantum mechanic’s formulations.

4. Mass and energy practicum

The concept of  “mass” has been often regarded as the ‘amount of matter’ in an object however this simple definition fails on many accounts and does not define a fundamental basis of mass. The concept of “energy” is equally difficult to explain in a basic way. Newton characterized mass within the framework of dimensional external motion of objects (F = ma) [6] and this notion was later revised by Einstein with regard to mass-energy conversions under relativity theory (m = E/c2) [7] in which mass relies on internal motion rather than on external kinetic motion. Einstein’s concept is not only more general than Newton’s mass but is central to Newton’s mass. By what mechanism is Einstein’s mass produced (E/c2( m) or deteriorated (E/c2 ( m)? Einstein was the first to describe internal motion in relation to mass-energy through his E =mc2, however he failed to address the exact nature of this internal motion. An electromagnetic radiation wave front passing a fixed reference point generates a directional motion according to c = f(.  Electromagnetic photons are in external motion at, or less than c and heavy fundamental particle quanta with mass are in external motion at less than c in which kinetic energy diminishes but particle rest energy  (Eo = mc2) persists as internal motion of the wave form in both the Galilean and relativistic sense (E2 = p2c2 + (mc2)2). The fact that a quantum particle has mass-energy even if it has no external motion is a result of  its internal motion that is definable by E = hf and m = kf.

Mass-energy changes of matter are a consequence of frequency changes in the fundamental wave-particle. This usage advocates that all matter has its rest mass origin in the internal mass-energy of fundamental wave-particles  that are characterized by the Planck-Einstein relation. The internal motion of wave-particles within large objects is responsible for producing an objects aggregate mass and forms the basis of the universality of Einstein’s E =mc2.


Mass is designated according to the Planck-Einstein relation, as mc2 = hf giving the defining formulation of mass, m = kf. Mass is proportional to internal motion of wave frequency, f, described in this model such that mass increases (E ( mc2) as wave frequency increases and alternatively, mass decreases (E ( mc2) as frequency decreases. In this generalization of Newton’s mass based on moving objects (F = ma) and Einstein’s mass (m = E/c2), the concept of mass is related to the frequency property of the fundamental  wave-particle. The equivalence of mass-energy dictates that mass and energy are defined by the same principle. Therefore, mass or energy of all fundamental quanta can be defined mathematically (m = kf or E = hf, respectively) as above, or descriptively as the mass-energy equivalence of wave-particle frequency.


Wave-particle frequency is related to mass-energy conversions. For example, energy release can only occur from a decreased frequency of the wave-particle. The contact mechanism involved in nuclear fission and fusion processes is commonly described as a melding impact sustained long enough for fusion by the strong force to occur. This description lacks functional rigor similar to describing mass as the ‘amount of matter’. The mass decrement (E(mc2) of bound fundamental particles involves the energy release from melding nucleons in both fusion and fission. But from where and how does the energy originate? Using the described application of the Planck-Einstein relation, fusing particles must reconfigure their wave frequency characteristics as mass is converted to energy (E ( mc2). The contact mechanism in a energy release event must involve the concept of  ‘wave spreading’ by interacting nucleons so that the higher frequency nucleon (short () is converted to a slightly lower frequency nucleon (long () as mass converts to energy.  Wave spreading is perhaps manifest as a physical impinging contact of two fusing nucleons.  
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