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ABSTRACT





THE PRINCIPLE OF PHOTON-INERTIA








by








ROBERT LOUIS KEMP











      The principle of photon inertia is a fundamental new way of describing the particle/wave duality of leptons (e.g. electrons, positrons, moun, tau, etc.) and electromagnetic waves. Photon inertia describes the inertial effects of an electromagnetic wave in terms of electromagnetic change. The principle of photon inertia uses the concepts employed in Newtonian Mechanics, the Brown Photon Theory, and concepts in modern physics, to explain the particle-wave duality as a single consistent theory. A new hypothesis that states that photons bent into stable resonating orbits are indeed leptons. Photon-photon interference causes the paths of photons to bend. Introduced as a new concept is the conservation of photon inertia, which is used to explain the natural paths of photon propagation. The principle of photon inertia describes a new equivalence in nature between mass and frequency; and a generalized electromagnetic wave, wavelength is also denoted.
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INTRODUCTION





HISTORICAL PERSPECTIVE








      A major problem facing scientists in the 1890’s was to explain blackbody radiation. Maxwell’s electromagnetic theory predicted that oscillating electric charges produce electromagnetic waves. It was hypothesized, however, that the radiation emitted by a hot object could be caused by the oscillations of electric charges. The electric charges exist in the molecules of the material. Although this would explain where the radiation came from, it did not correctly predict the observed spectrum of emitted light. The break came in late 1900 when Max Planck (1858-1947) proposed an empirical formula that nicely fit the data. He then sought a theoretical basis for the formula and within 2 months found that he could obtain the formula by making a new and radical assumption. Planck concluded, that the energy distributed among the molecular oscillators is not continuous but instead consist of a finite number of very small discrete amounts, each related to the frequency of oscillation by





�embed Equation.2 ���Where h is a constant, now called Planck’s constant, whose value was estimated by Planck by fitting his formula for the blackbody radiation curve to experiment. The value accepted today for most computation is





�symbol 40 \f "Symbol" \s 12��1.1�symbol 41 \f "Symbol" \s 12��                                         h = 6.626176�symbol 180 \f "Symbol" \s 12��10-34 J.s.                           Planck’s Constant





Planck’s assumption suggests that the energy of any molecular vibration could be only some whole number multiple of (h�symbol 110 \f "Symbol" \s 12��). The quantum hypothesis, Eq. 1.0, says that the energy can be E = h�symbol 110 \f "Symbol" \s 12��, or 2h�symbol 110 \f "Symbol" \s 12��, or 3h�symbol 110 \f "Symbol" \s 12��, and so on, but there cannot be vibrations whose energy lies between these values. That is, energy would not be a continuous quantity as had been believed for centuries; rather it is quantized, it exists only in discrete amounts. The smallest amount of energy possible (h�symbol 110 \f "Symbol" \s 12��) is called the quantum of energy. Another way of expressing the quantum hypothesis is that not just any amplitude of vibration is possible. The possible values for the amplitude are related to the frequency (�symbol 110 \f "Symbol" \s 12��).





 Photon Theory Of Light





      In 1905, the same year as he introduced the special theory of relativity, Einstein made a bold extension of the quantum idea by proposing a new theory of light. Planck’s work suggested that the vibrational energy of molecules in a radiating object is quantized with energy E = h�symbol 110 \f "Symbol" \s 12��. Einstein reasoned that if the energy of the molecular oscillators is thus quantized, then to conserve energy, the light ought to be emitted in packets or quanta, each with an energy





(1.2)	                                                      ( = h(  		Einstein’s Photon


			            Postulate


(1.3)	                                                      ( = � EMBED Equation.2  ���,


where (c �symbol 61 \f "Symbol" \s 12���symbol 108 \f "Symbol" \s 12���symbol 110 \f "Symbol" \s 12��) is the velocity of the quantized energy, and h is Planck’s constant. Since all light ultimately comes from a radiating source, this suggests that perhaps light is transmitted as tiny particles, or photons, as they are now called, rather than as waves.














Compton Effect





      Planck introduced the idea that radiation must be emitted in bundles of energy, although he believed that once emitted, the energy spread in waves. Einstein extended the Planck idea to the absorption of radiation in, his explanation of the photoelectric effect. He added the assumption that once a quantum of energy was radiated, it preserved its identity as a photon until it was finally absorbed. Einstein also showed that mass and energy are identical,


�symbol 40 \f "Symbol" \s 12��1.4�symbol 41 \f "Symbol" \s 12��	                                                     E = mc2 . 		   Einstein’s Mass


			 Energy postulate





Since photons have energy, they must have mass. Photons have moving mass. This developing concept that photons are true particles throughout their life comes to its climax in the Compton effect.


      Compton assumed that the photons had the very “mechanical” property of momentum and solved the problem of impact of a photon and a material particle by means of relativistic mechanics. Compton found the scattered wavelength (� EMBED Equation.2  ���) to be greater than and independent of the wavelength (�symbol 108 \f "Symbol" \s 12��) of the x-ray photon, but the scattered photon’s wavelength (� EMBED Equation.2  ���) is dependent on the angle (�symbol 113 \f "Symbol" \s 12��) through which it was scattered. The results of Compton’s findings are as follows:


(1.5)	                                      � EMBED Equation.2  ���	              Compton Equation





where the Compton wavelength, (c is defined by





(1.6)	                                                      (c ( � EMBED Equation.2  ��� . 	                         Compton Wavelength    	                         


The symbol (mo) denotes the  rest mass of a material particle, and (c) is the velocity of light.





Wave-Particle Duality Of Light








      The Photoelectric effect, the Compton effect, and other experiments have placed the particle theory of light on a firm experimental basis. But classic experiments of Young and others on interference and diffraction showed that the wave theory of light also rest on a firm experimental basis. Electromagnetic radiation, which includes visible light, infrared and ultraviolet radiation, as well as x-rays, was shown to exhibit wave motion by interference experiments. The type of experiments that involves constructive and destructive interference is considered to be a test for the existence of waves; since it requires the presence of two waves at the same position at the same time. On the other hand the experimental results for blackbody radiation, photo electric effect, and x-ray absorption is explained by, considering the radiation to appear as a stream of particles that are absorbed one at a time. It appears that light must be considered as a wave in some experiments and as a particle in others.


      This dual nature of light was not readily accepted. The main reason for this is the apparently contradictory aspects of the two natures. A wave is specified by a frequency     (�symbol 110 \f "Symbol" \s 12��), wavelength(�symbol 108 \f "Symbol" \s 12��), phase velocity(v), amplitude(A), and Intensity(�symbol 74 \f "Symbol" \s 12��). These are not all independent of one another. Thus the velocity, frequency, and wavelength are related by       (v = �symbol 108 \f "Symbol" \s 12���symbol 110 \f "Symbol" \s 12��). A wave is necessarily spread out and occupies a relatively large region of space. A particle on the other hand, is specified by a mass (m), velocity (v), momentum (p), and energy (E). The characteristic that seems in conflict with a wave is that a particle occupies a definite position in space. In order for a particle to be at a definite position, it must be very small. It is difficult to accept the conflicting ideas that light is a wave that is spread out over space as well as a particle that is at a point in space. This acceptance is necessary, however, to explain all the results of the experiments that can be performed with light. (We use the word light to include the entire electromagnetic spectrum.)


      We do have connections between the wave and particle characteristics of light. We have Einstein’s equation for energy, Eq. 1.0 (E = h�symbol 110 \f "Symbol" \s 12��), and Compton’s wavelength equation for a material particle, Eq. 1.6 (�symbol 108 \f "Symbol" \s 12��c = h / mo. c). The two above equations contain both  particle and wave components in their respective equations. In the Einstein energy equation the particle nature is described by Planck’s constant (h), and the wave nature is described by the frequency (�symbol 110 \f "Symbol" \s 12��). In the Compton equation, the wavelength (�symbol 108 \f "Symbol" \s 12��c) describes the wave nature for a material particle; such as the electron. 





The de Broglie Hypothesis





      The dual nature of light, made necessary by experimental results, was extended by      Louis de Broglie in 1923. He felt that nature was symmetrical and the dual nature of light should be matched by a dual nature of matter. His argument was that if light can act like a wave sometimes and like a particle at other times, then things like electrons, which were considered particles, should also act like waves at times.


      To specify the wave properties, de Broglie proposed that the relation between the momentum and the wavelength of a photon is a general relation, which applies to photons and material particles alike. Since the momentum of a material particle is its mass (m) times its velocity (v), then the de Broglie wavelength is


(1.7)	                                                    ( = � EMBED Equation.2  ���	                               de Broglie Wavelength





These proposed waves were not electromagnetic waves but were a new kind of wave, which were called matter waves or pilot waves. The word pilot implies that these waves pilot or guide the particle. When de Broglie published his hypothesis, it was not supported by any experimental evidence. His only real argument was his intuitive feeling that nature must be symmetrical.


The Bohr Model





      Bohr had studied in Rutherford’s laboratory for several months. In 1912 he was convinced that Rutherford’s planetary model of the atom had validity. But, in order to make it work he felt that the newly developing quantum theory would somehow have to be incorporated in it. The experiments with heated solids done by Planck and Einstein showed that the energy of oscillating electric charges must change discontinuously. The electric charges jump from one discrete energy state to another, with the emission of a quantum of light. Bohr argued, that electrons in an atom cannot lose energy continuously but must do so in quantum “jumps.” In working out his theory during the next year, Bohr postulated that electrons move about the nucleus in circular orbits, but that only certain orbits are allowed. He further postulated that an electron in each orbit would have a definite amount of energy and would move in the orbit without radiating energy (even though this violated classical ideas). He thus called the possible orbits stationary states. Bohr hypothesized that light is emitted, only when an electron jumps from one stationary state to another of lower energy. When such a jump occurs, a single photon of light would be emitted whose energy, is given by





(1.8)	                                                   h�symbol 110 \f "Symbol" \s 12�� = Uu �symbol 45 \f "Symbol" \s 12�� Ul  .		    Photon Energy





Where Uu denotes the energy of the upper state (higher energy), and Ul  is the energy in the lower state (lower energy). The energy of the electrons' transition is conserved in the process.


      The theoretical implications of the de Broglie wavelength of matter is interesting. By making a very plausible assumption, we can relate this wavelength to the Bohr model of the atom.


      If a stretched string, fastened at each end, is caused to vibrate, the disturbances move along the string in both directions, are reflected at the ends, and come back on one another. In general, this disturbance of the string causes a complex motion that makes the string blurred everywhere. If the exciting frequency, length of the string, or the string tension are varied, stationary waves can be produced. Displacement loops and nodes appear. Instead of running up and down the string, the waves appear to stand still with transverse activity at the loops. The condition for standing waves is that the length of the string be an integral number of half wavelengths of the disturbance, since there is a node at each end. The equation is given by


(1.9)	                                           Ls = �embed Equation.2 ���		   Linear Standing 


			  Wave Condition





Where (n) is the number of modes or harmonics and (Ls) is the total length of the string fixed between two ends. The symbol (�symbol 108 \f "Symbol" \s 12��n) is the standing wavelength that corresponds to a number of modes for a particular vibration or frequency of the string.


      If there were to form a circular loop with the string, the disturbances would move around the loop in both directions and there would be no reflections. The condition for standing waves for this configuration, is that the length of the loop (circumference of the circle) be an integral number of whole wavelengths of the disturbance. Thus, the condition for circular standing waves is.


(1.10)	                                      2�symbol 112 \f "Symbol" \s 12��r = n�symbol 108 \f "Symbol" \s 12��n ,       n = 1,2,3,.... 		Circular Standing


			  Wave Condition   





Where (r) is the radius of the circle, and (n) is an integer called the principle quantum number of the orbit. For a wave on the circumference of the circle (n) is equivalent to that of the linear standing wave, where (n) is also called the harmonic number of the wave.


      Let us now assume that the Bohr orbits correspond to standing electron waves, analogous to the circular loop of string. If we use the above condition with the de Broglie wavelength, Eq. 1.7, to get


(1.11)	                                             2�symbol 112 \f "Symbol" \s 12��r = n�symbol 108 \f "Symbol" \s 12��n = � EMBED Equation.2  ���





Recalling from classical mechanics, that the angular momentum of a particle of mass (m) moving in a circle of radius (r) with a translational velocity (v) is [L = mvr]. Thus, Bohr’s quantized angular momentum condition becomes,


(1.12)	                                      L = mvrn = n�embed Equation.2 ���        n = 1,2,3,....		         Bohr’s First 


    			             Postulate


where


	(1.13)                                        � EMBED Equation.2  ���	         





the above equation now becomes,





(1.14)	                                              L = n�embed Equation.2 ���= mvrn .





In the above, equation 1.13, the symbol (�embed Equation.2 ���) is called Planck’s constant barred. It is the angular quantization of atomic entities. 


      The quantized condition for the angular momentum of an atom, Eqs. 1.12 and 1.14 is Bohr’s first postulate. His first postulate states, that the angular momentum of electrons in orbits circulating a nucleus cannot have any angular momentum, but must have an angular momentum that is an integer multiple of (�embed Equation.2 ��� = h/2�symbol 112 \f "Symbol" \s 12��). Bohr’s first postulate can also be expressed in  vector notation as seen below,


(1.15)                         	                � EMBED Equation.2  ���		         Bohr’s First


			             Postulate  


Here n is an integer and rn is the radius of the nth possible orbit. The allowed orbits are numbered 1,2,3,...., according to the value of the n, which is called the principle quantum number of  the orbit.


      Bohr’s 2nd postulate allowed the orbital stability of the electron to be given by classical mechanics. Thus, an electron in a circular orbit of radius (r) would have a centripetal acceleration (v2/r) produced by the electrical force of attraction between the negative electron and the positive nucleus. Here the charge quantity of the electron or nucleus is given by





(1.16)	                                                       q = Z e 		  Charge Quantity





	(1.17)                                             e = 1.6021892�symbol 180 \f "Symbol" \s 12��10-19 C,	               Quantized Electronic


		        	      Charge 


and (Z) is the number of quantized units of charge. The symbol (e) is the quantized electronic fundamental unit of charge, that has the units of coulomb (C). The symbol (q) is the charge quantity of a particle or number of particles given by (Z), in which all possess an electronic charge (e). In the Bohr one-electron model of the atom, the Z value for the number of electrons is (Ze = 1). Where Ze denotes the number of electrons in a particular atom.


      The Bohr one-electron model of the atom, describes how, an electron in a circular orbit of radius (rn) experiences the centripetal acceleration produced by the coulombic attraction to the nucleus. The force of attraction works, according to Coulomb’s law,





(1.18)        	                                         F = � EMBED Equation.2  ���		 Coulombic Force





(1.19)	                                                  F = � EMBED Equation.2  ��� .





The unit for force is (N = Newton). The charge on the electron is (�symbol 45 \f "Symbol" \s 12��qe = e), where Ze = 1. The charge on the nucleus is (qN=ZN e), where Z is the number of positive charges (or protons). For the hydrogen atom ZN = 1. 


      In the above equation, Eq. 1.19, (r) is the radius of the electron’s circular path. This inward directed force is perpendicular to the electron’s velocity vector at every point in its path. The force is therefore called the centripetal force.





(1.20)	                                                 Fc = � EMBED Equation.2  ���.                                    Centripetal Force





Equating the centripetal force Eq. 1.20 to the coulombic force Eq. 1.19, yields,





(1.21)	                                            � EMBED Equation.2  ���.


Multiplying both sides by (r), we then obtain Bohr’s second postulate.





(1.22)	                                               mv2 = � EMBED Equation.2  ��� .  			Bohr’s Second


				        Postulate


Bohr’s second postulate as given by Eq. 1.22, allows the orbital stability of the electron to be given by classical mechanics. The orbital stability prohibits an electron from emitting any electromagnetic radiation while encircling the nucleus, along a permitted orbit; thus allowing the electron’s total energy to remain constant. An electron may make a direct transition from one permitted orbit to another by, the emission of a single Planck photon. This single photon has an energy equal to the energy difference of the two electron states of motion.     


      The radius and the translational velocity of the Bohr atom exist in discrete quantities. This can be shown by using Eq. 1.21, solving for the radius (r), and substituting for the velocity (v) from Eq. 1.12, (which says v = nh/2�symbol 112 \f "Symbol" \s 12��mr),





(1.23)	                                                � EMBED Equation.2  ���





substituting the above described (v)  from Eq. 1.12, into Eq. 1.23, yields





(1.24)	                                               rn = � EMBED Equation.2  ���.





Solving for rn since it appears on both sides of the equation to get,





(1.25)	                                                 rn = � EMBED Equation.2  ��� 





(1.26)	                                                     rn = � EMBED Equation.2  ���			      Bohr Radii





(1.27)	                                                    r1 ( � EMBED Equation.2  ���� EMBED Equation.2  ���





(1.28)	                                           r1 = 5.291815686�symbol 180 \f "Symbol" \s 12��10-11 m.			   Bohr Radius





In the radial expression, Eq. 1.24 we changed (r) to (rn) because r varies with the principle quantum number n as it takes on  the values 1,2,3,.... . The symbol rn denotes the radius of the electron in the nth allowed orbit. The principle quantum number in the radial equations identifies, the permitted stable orbits of which the electron can occupy. For example:       rn = r1, r2, r3,...  The value of r1, is called the Bohr radius. The value obtained in Eq. 1.28, which is r1 corresponds to the innermost radius (n = 1). The innermost radius of an atom is called the ground state. In Eq. 1.26 we see that the permitted orbit radii increases with the square of the principle quantum number (n2). For example: r2 = 4r1, r3 = 9r1, and r4 = 16r1 for a hydrogen atom.


      The translational velocity of the electron circling the nucleus is also easily obtainable using Bohr’s postulates. This is achieved by solving for the translational velocity (v) in Eq.1.22 (Bohr’s second postulate)





(1.28)	                                                  v = � EMBED Equation.2  ���.





Next substituting (v) from Eq. 1.12, (v = nh/2�symbol 112 \f "Symbol" \s 12��mr) into Eq. 1.28 to get,





	                                                         vn = � EMBED Equation.2  ���,





(1.29)	                                                vn = � EMBED Equation.2  ���,		   Bohr Velocities





(1.30)	                                                  vn = � EMBED Equation.2  ���                   





(1.31)	                                                 vn  (  � EMBED Equation.2  ���,			 Bohr Velocity





(1.32)	                                           v1  = 2.187690631�symbol 180 \f "Symbol" \s 12��106 �embed Equation.2 ���.





Equations 1.29 and 1.31 are the generalized equation for the translational velocity (vn) of an electron in any of its (n) permitted orbits. Equation 1.32 is the maximum allowed velocity of the electron in the ground state of a hydrogen atom. The Bohr velocity Eq. 1.29 predicts that the orbital speed of the electron decreases with increasing values of the principle quantum number. For example: v2 = v1/2, v3 = v1/3, v4 = v1/4 for a hydrogen atom.
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