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Section 1:  The Great Mystery 
In the history of science Albert Einstein stands on the shoulders of James Clerk Maxwell, among others. Maxwell stands on the shoulders of Michael Faraday, among others. And Faraday stands on the shoulders of Sir Humphry Davy, who was knighted on April 8, 1812, two days before his final lecture on Chemical Philosophy at the Royal Institution, London, England, April 10th. Michael Faraday, eager to acquire knowledge beyond the scope of his job as a bookbinder nearing the completion of his apprenticeship, was in the audience taking detailed notes of Davy's fourth and concluding lecture on the subject. 
Following a series of unforeseen events at the Royal Institution, Faraday was officially hired as Sir Humphry's laboratory assistant on March 1, 1813. 
Michael Faraday was born on September 22, 1791, in Newington Butts, Surrey, England. His father, James, born in Clapham, Yorkshire, was a blacksmith. In October, 1805, after a one year trial as an errand-boy, Michael was apprenticed as a bookbinder for seven years to bookseller and stationer George Riebau of 2 Blandford Street, London. After business hours, Faraday read every book he bound plus many other books available in the shop and Riebau's library. Faraday purchased and personalized Thomas Thomson's 4 volume Chemistry series by removing the binding, interleaving it with notes and drawings, then rebinding it himself. 1 He later personalized other books, including the amended notes he took during Humphry Davy's four Chemical Philosophy lectures which he bound into a single, now famous, quarto volume. 
Faraday's abiding interest in electrical phenomena began in 1809, eleven years before Hans Christian Ørsted observed the deflection of a magnetic compass needle when electric current was passed through a wire. Biographer L. Pearce Williams describes Faraday's first encounter with electricity: 
    One day while binding a volume of the Encyclopaedia Britannica he paused to glance at the article on electricity and was fascinated by what he read. This article of 127 double column pages of small print was written by one James Tytler who contributed a number of articles to the Encyclopaedia. 2 
Faraday's self-taught early instruction includes three additional noteworthy resources. First, after reading the new 1809 edition of Dr Isaac Watts' book, The Improvement of the Mind, Faraday enthusiastically implemented the principles and suggestions contained therein. Second, in February, 1810, Faraday's interest in chemistry and electricity led him to the City Philosophical Society, founded in 1808 by John Tatum, who offered lectures on science. Third, researching his response to a Tatum lecture on electricity shortly after he joined the City Philosophical Society, Faraday learned of Mrs Jane Marcet's two volume work, Conversations on Chemistry, 3 which introduced him to electrochemical concepts and Humphry Davy's experiments at the Royal Institution, London, which was founded in 1799 by Benjamin Thompson (Count Rumford). 
Among other participants at the City Philosophical Society lectures Faraday met Edward Magrath, Richard Phillips and Benjamin Abbott. The four young men became close, lifelong friends. Over the years Phillips, as the editor of the Philosophical Magazine, published many of Faraday's writings and occasionally requested a paper for third-party publication. Indeed, it was Phillips who sparked Faraday's interest in electromagnetism in 1821. Faraday's introduction to the great mystery of electromagnetism is captured by L. Pearce Williams in a single paragraph: 
    The occasion for his serious interest in electromagnetism was a letter from his good friend R. Phillips requesting that Faraday write an historical account of this new branch of science for the Annals of Philosophy. To do this, Faraday had to repeat the major experiments performed by Øersted, Arago, Ampère, and others and also examine their theoretical views closely. When he began in the summer of 1821, he was still under the impresson that electromagnetic forces were rectilinear and analogous to other known forces. Only as he carefully followed the experimental trail blazed by others did he realize his error. Two papers were published as a result of his work: the 'Historical Sketch of Electromagnetism' which appeared in volumes 2 and 3 (new series) of the Annals of Philosophy and an article 'On some new Electro-Magnetical Motions, and on the Theory of Magnetism' which was published in volume 12 of the Quarterly Journal of Science. In these papers Faraday came to grips, for the first time, with the theory of electric and magnetic action; the result of his own experimental investigations and theoretical reasonings was a startling new phenomenon – electromagnetic rotation – which threatened to destroy all previous theoretical structures. 4 
In October, 1820, Sir Humphry and Faraday had learned of Ørsted's discovery that electric current passed through a wire produced magnetic effects. They quickly repeated Ørsted's experiments but misinterpreted their results. Williams informs us, "As late as August 1821 [Faraday] thought the forces acting between the magnetic needle and the wire were simple attractions and repulsions."5 
While repeating the experiments of Ørsted, Arago and Ampère for the 'Historical Sketch' requested by Phillips, Faraday realized that his previous understanding was not factually correct. He noted that when approaching a current-carrying wire with magnets of various strength that had the polar axis aligned perpendicular to the wire, "The effort of the wire is always to pass off at a right angle from the pole, indeed to go in a circle round it."6 
Faraday's scientific endeavors were always guided by experiment and he had an exceptional ability to quickly and intuitively reconceptualize the underlying facts during the experimental process. The apparent tendency of the wire to rotate in a circle was no exception. L. Pearce Williams continues: 
    To translate this 'effort' into an actual rotation, Faraday devised a most ingenious and simple apparatus. A magnet was stuck upright in a piece of wax at the bottom of a deep basin, and then the basin was filled with mercury until only the pole of the magnet was above its surface. A wire, free to revolve around the magnetic pole, was connected to a galvanic circuit. When the current was turned on, the wire rotated around the magnet. In a similar fashion, Faraday arranged things so that the magnet would rotate around the wire. The first electric motor had been invented; the rotatory power of the magnetic force surrounding a current-carrying wire was made obtrusively manifest; the conversion of electricity into mechanical work had been achieved, lending still further weight to [Faraday's] belief in the convertibility of all natural forces.
    The announcement of his discovery was made in the October 1821 issue of the Quarterly Journal of Science and it was this paper 'On some new Electro-Magnetical Motions, and on the Theory of Magnetism' which thrust Faraday into the first rank of European scientists. 7 
It would be another ten years, August, 1831, before Faraday discovered the method of converting magnetism to electricity by electromagnetic induction. 
Section 2:  Faraday, Thomson, and Maxwell 
Clerk Maxwell (pronounced "Clark") graduated in 1854 from Trinity College, Cambridge, with a Bachelor of Arts degree in mathematics. His close relationships with previous Cambridge graduates included William Thomson (1824-1907) (later Lord Kelvin), Professor of Natural Philosophy at the University of Glasgow, and George G. Stokes (1819-1903), Lucasian Professor of Mathematics at Cambridge. Thomson and Stokes were among the top, if not the top mathematical theoreticians in mid-19th century England. In a letter dated February 20, 1854, Maxwell asked Thomson for advice in studying the new science of electricity: 
    If [one] wished to read Ampère Faraday &c how should they be arranged, and at what stage & in what order might he read your articles in the Cambridge Journal?
    If you have in your mind any answer to the above questions, three of us here would be content to look upon an embodiment of it in writing as advice.8 
William Thomson's education and career had been enhanced and facilitated by his father, James Thomson, who was appointed to the Chair of Mathematics at the University of Glasgow in 1832. Thomson graduated from Cambridge in 1845 at age 21, then traveled to Paris and studied French scientific and mathematical methods. In Paris, Joseph Liouville (1809-1882) encouraged Thomson's professional interest in Michael Faraday, whom Thomson knew and interacted with in London, by suggesting that the reconciliation of Faraday's electrostatic experimental results and the views of the French mathematicians, Ampère, Coulomb, Poisson, etc., could be a fertile field of mathematical endeavor. 
Intrigued by Liouville's suggestion Thomson wrote several papers over the next few years based on Faraday's experimental results, including: 
	On a Mechanical Representation of Electric, Magnetic and Galvanic Forces (1847). 
	On the Mathematical Theory of Electricity (1848). 
	On the Mathematical Theory of Magnetism (1851). 

After receiving Maxwell's request for guidance, Thomson shared with him the challenge presented by interpreting Faraday's written experimental results using mathematical formalism. Faraday's work on electricity and magnetism intrigued Maxwell and he began his research by reading Thomson's papers on the subject. 
Maxwell's first published paper based on Faraday's work attempted "to shew how, by a strict application of the ideas and methods of Faraday, the connexion of the very different orders of phenomena which he has discovered may be clearly placed before the mathematical mind."9 The resulting paper, On Faraday's Lines of Force, was read in two parts to the Royal Society, London, on December 10, 1855, and February 11, 1856.10 The paper, based on fanciful ad hoc analogies rather than Faraday's experimental results, can be seen as the logical extension of Thomson's earlier work. 
Six years later Maxwell published a second paper, On Physical Lines of Force, in which he again employed Thomson's method of creating fanciful ad hoc analogies while seeking a mechanical rationale for magnetic lines of force, was published in 1861-1862. He wrote:11 
    I propose now to examine magnetic phenomena from a mechanical point of view, and to determine what tensions in, or motions of, a medium are capable of producing the mechanical phenomena observed. If, by the same hypothesis, we can connect the phenomena of magnetic attraction with electromagnetic phenomena and with those of induced currents, we shall have found a theory which, if not true, can only be proved to be erroneous by experiments which will greatly enlarge our knowledge of this part of physics.12 
Maxwell's definitive paper on electricity and magnetism, A Dynamical Theory of the Electromagnetic Field, was published in 1864.13 His work had progressed to the point of proposing a bona fide physical theory which focused on developing the mathematical formalism of Faraday's physically real experimental results as opposed to the fanciful ad hoc analogies and particles acting at a distance employed in the first two papers. In the introductory paragraphs he explained: 
    The theory I propose may therefore be called a theory of the Electromagnetic Field, because it has to do with the space in the neighbourhood of the electric or magnetic bodies, and it may be called a Dynamical Theory, because it assumes that in that space there is matter in motion, by which the observed electromagnetic phenomena are produced. (Maxwell's emphasis)14 
In the 1864 paper Maxwell also acknowledges Faraday's priority with regard to the transverse propagation of electric and magnetic fields: 
    The conception of the propagation of transverse magnetic disturbances to the exclusion of normal ones is distinctly set forth by Professor Faraday * in his "Thoughts on Ray Vibrations." The electromagnetic theory of light, as proposed by him, is the same in substance as that which I have begun to develope in this paper, except that in 1846 there were no data to calculate the velocity of propagation.
* Philosophical Magazine, May 1846, or Experimental Researches, III, p. 447.15 
Far removed from the actual, historical events as we enter the 21st century CE, it is of some interest to note that Faraday's paper, THOUGHTS ON RAY VIBRATIONS, (vedi sotto il testo) was published 18 years before Maxwell published his Dynamical Theory of the Electromagnetic Field. 
THOUGHTS ON RAY VIBRATIONS 
To Richard Phillips, Esq. 
Dear Sir, 
At your request I will endeavor to convey to you a notion of that which I ventured to say at the close of the last Friday-evening Meeting, incidental to the account I gave of Wheatstone's electro-magnetic chronoscope; but from first to last understand that I merely threw out as matter for speculation, the vague impressions of my mind, for I gave nothing as the result of sufficient consideration, or as the settled conviction, or even probable conclusion at which I had arrived. 
The point intended to be set forth for consideration of the hearers was, whether it was not possible that vibrations which in a certain theory are assumed to account for radiation and radiant phaenomena may not occur in the lines of force which connect particles, and consequently masses of matter together; a notion which as far as is admitted, will dispense with the aether, which in another view, is supposed to be the medium in which these vibrations take place. 
You are aware of the speculation (2) which I some time since uttered respecting that view of the nature of matter which considers its ultimate atoms as centres of force, and not as so many little bodies surrounded by forces, the bodies being considered in the abstract as independent of the forces and capable of existing without them. In the latter view, these little particles have a definite form and a certain limited size; in the former view such is not the case, for that which represents size may be considered as extending to any distance to which the lines of force of the particle extend: the particle indeed is supposed to exist only by these forces, and where they are it is. The consideration of matter under this view gradually led me to look at the lines of force as being perhaps the seat of vibrations of radiant phenomena. 
Another consideration bearing conjointly on the hypothetical view both of matter and radiation, arises from the comparison of the velocities with which the radiant action and certain powers of matter are transmitted. The velocity of light through space is about 190,000 miles in a second; the velocity of electricity is, by the experiments of Wheatstone, shown to be as great as this, if not greater: the light is supposed to be transmitted by vibrations through an aether which is, so to speak, destitute of gravitation, but infinite in elasticity; the electricity is transmitted through a small metallic wire, and is often viewed as transmitted by vibrations also. That the electric transference depends on the forces or powers of the matter of the wire can hardly be doubted, when we consider the different conductibility of the various metallic and other bodies; the means of affecting it by heat or cold; the way in which conducting bodies by combination enter into the constitution of non-conducting substances, and the contrary; and the actual existence of one elementary body, carbon, both in the conducting and non-conducting state. The power of electric conduction (being a transmission of force equal in velocity to that of light) appears to be tied up in and dependent upon the properties of the matter, and is, as it were, existent in them. 
I suppose we may compare together the matter of the aether and ordinary matter (as, for instance, the copper of the wire through which the electricity is conducted), and consider them as alike in their essential constitution; i.e. either as both composed of little nuclei, considered in the abstract as matter, and of force or power associated with these nuclei, or else both consisting of mere centres of force, according to Boscovich's theory and the view put forth in my speculation; for there is no reason to assume that the nuclei are more requisite in the one case than in the other. It is true that the copper gravitates and the aether does not, and that therefore the copper is ponderable and the aether is not; but that cannot indicate the presence of nuclei in the copper more than in the aether, for of all the powers of matter gravitation is the one in which the force extends to the greatest possible distance from the supposed nucleus, being infinite in relation to the size of the latter, and reducing the nucleus to a mere centre of force. The smallest atom of matter on the earth acts directly on the smallest atom of matter in the sun, though they are 95,000,000 miles apart; further, atoms which, to our knowledge, are at least nineteen times that distance, and indeed in cometary masses, far more, are in a similar way tied together by the lines of force extending from and belonging to each. What is there in the condition of the particles of the supposed aether, if there be even only one such particle between us and the sun, that can in subtility and extent compare to this? 
Let us not be confused by the ponderability and gravitation of heavy matter, as if they proved the presence of the abstract nuclei; these are due not to the nuclei, but to the force super-added to them, if the nuclei exist at all; and, if the aether particles be without this force, which according to the assumption is the case, then they are more material, in the abstract sense, than the matter of this our globe; for matter, according to the assumption, being made up of nuclei and force, the aether particles have in this respect proportionately more of the nucleus and less of the force. 
On the other hand, the infinite elasticity assumed as belonging to the particles of the aether, is as striking and positive a force of it as gravity is of ponderable particles, and produces in its way effects as great; in witness whereof we have all the varieties of radiant agency as exhibited in luminous, caloric, and actinic phaenomena. 
Perhaps I am in error in thinking the idea generally formed of the aether is that its nuclei are almost infinitely small, and that such force as it has, namely its elasticity, is almost infinitely intense. But if such be the received notion, what then is left in the aether but force or centres of force? As gravitation and solidity do not belong to it, perhaps many may admit this conclusion; but what are gravitation and solidity? certainly not the weight and contact of the abstract nuclei. The one is the consequence of an attractive force, which can act at distances as great as the mind of man can estimate or conceive; and the other is the consequence of a repulsive force, which forbids for ever the contact or touch of any two nuclei; so that these powers or properties should not in any degree lead those persons who conceive of the aether as a thing consisting of force only, to think any otherwise of ponderable matter, except that it has more and other forces associated with it than the aether has. 
In experimental philosophy we can, by the phaenomena presented, recognize various kinds of lines of force; thus there are the lines of gravitating force, those of electro-static induction, those of magnetic action, and others partaking of a dynamic character might be perhaps included. The lines of electric and magnetic action are by many considered as exerted through space like the lines of gravitating force. For my own part, I incline to believe that when there are intervening particles of matter (being themselves only centres of force), they take part in carrying on the force through the line, but that when there are none, the line proceeds through space. Whatever the view adopted respecting them may be, we can, at all events, affect these lines of force in a manner which may be conceived as partaking of the nature of a shake or lateral vibration. For suppose two bodies, A B, distant from each other and under mutual action, and therefore connected by lines of force, and let us fix our attention upon one resultant of force, having an invariable direction as regards space; if one of the bodies move in the least degree right or left, or if its power be shifted for a moment within the mass (neither of these cases being difficult to realise if A and B be either electric or magnetic bodies), then an effect equivalent to a lateral disturbance will take place in the resultant upon which we are fixing our attention; for, either it will increase in force whilst the neighboring results are diminishing, or it will fall in force as they are increasing. 
It may be asked, what lines of force are there in nature which are fitted to convey such an action and supply for the vibrating theory the place of the aether? I do not pretend to answer this question with any confidence; all I can say is, that I do not perceive in any part of space, whether (to use the common phrase) vacant or filled with matter, anything but forces and the lines in which they are exerted. The lines of weight or gravitating force are, certainly, extensive enough to answer in this respect any demand made upon them by radiant phaenomena; and so, probably, are the lines of magnetic force: and then who can forget that Mossotti has shown that gravitation, aggregation, electric force, and electro-chemical action may all have one common connection or origin; and so, in their actions at a distance, may have in common that infinite scope which some of these actions are known to possess? 
The view which I am so bold to put forth considers, therefore, radiation as a kind of species of vibration in the lines of force which are known to connect particles and also masses of matter together. It endeavors to dismiss the aether, but not the vibration. The kind of vibration which, I believe, can alone account for the wonderful, varied, and beautiful phaenomena of polarization, is not the same as that which occurs on the surface of disturbed water, or the waves of sound in gases or liquids, for the vibrations in these cases are direct, or to and from the centre of action, whereas the former are lateral. It seems to me, that the resultant of two or more lines of force is in an apt condition for that action which may be considered as equivalent to a lateral vibration; whereas a uniform medium, like the aether, does not appear apt, or more apt than air or water. 
The occurrence of a change at one end of a line of force easily suggests a consequent change at the other. The propagation of light, and therefore probably of all radiant action, occupies time; and, that a vibration of the line of force should account for the phaenomena of radiation, it is necessary that such vibration should occupy time also. I am not aware whether there are any data by which it has been, or could be ascertained whether such a power as gravitation acts without occupying time, or whether lines of force being already in existence, such a lateral disturbance at one end as I have suggested above, would require time, or must of necessity be felt instantly at the other end. 
As to that condition of the lines of force which represents the assumed high elasticity of the aether, it cannot in this respect be deficient: the question here seems rather to be, whether the lines are sluggish enough in their action to render them equivalent to the aether in respect of the time known experimentally to be occupied in the transmission of radiant force. 
The aether is assumed as pervading all bodies as well as space: in the view now set forth, it is the forces of the atomic centres which pervade (and make) all bodies, and also penetrate all space. As regards space, the difference is, that the aether presents successive parts of centres of action, and the present supposition only lines of action; as regards matter, the difference is, that the aether lies between the particles and so carries on the vibrations, whilst as respects the supposition, it is by the lines of force between the centres of the particles that the vibration is continued. As to the difference in intensity of action within matter under the two views, I suppose it will be very difficult to draw any conclusion, for when we take the simplest state of common matter and that which most nearly causes it to approximate to the condition of the aether, namely the state of the rare gas, how soon do we find in its elasticity and the mutual repulsion of its particles, a departure from the law, that the action is inversely as the square of the distance! 
And now, my dear Phillips, I must conclude. I do not think I should have allowed these notions to have escaped from me, had I not been led unawares, and without previous consideration, by the circumstances of the evening on which I had to appear suddenly and occupy the place of another. Now that I have put them on paper, I feel that I ought to have kept them much longer for study, consideration, and, perhaps final rejection; and it is only because they are sure to go abroad in one way or another, in consequence of their utterance on that evening, that I give shape, if shape it may be called, in this reply to your inquiry. One thing is certain, that any hypothetical view of radiation which is likely to be received or retained as satisfactory, must not much longer comprehend alone certain phaenomena of light, but must include those of heat and of actinic influence also, and even the conjoined phaenomena of sensible heat and chemical power produced by them. In this respect, a view, which is in some degree founded upon the ordinary forces of matter, may perhaps find a little consideration amongst the other views that will probably arise. I think it likely that I have made many mistakes in the preceeding pages, for even to myself, my ideas on this point appear only as the shadow of a speculation, or as one of those impressions on the mind which are allowable for a time as guides to thought and research. He who labours in experimental inquiries knows how numerous these are, and how often their apparent fitness and beauty vanish before the progress and development of real natural truth. 
I am, my dear Phillips, 
Ever truly yours, 
M. Faraday, 
April 15, 1846 
*"Experimental Researches in Electricity", Vol III, M. Faraday, p447-452< 
1) M. Faraday, Philosophical Magazine, S.3, Vol XXVIII, N188, May 1846 
2) M. Faraday, Phil Magazine, 1844, Vol XXIV, p136; or Exp.Res.II.284
Section 3:  Faraday, Maxwell, and Einstein 
The unforeseen events and unanticipated consequences that shape recorded history may be produced by human beings who imperfectly understand the thoughts or intent of other human beings. Each individual construes a new concept according to his or her own understanding, experience, education, and insight, thereby either intentionally or unintentionally modifying the fundamental concept the author of the original idea had in mind. 
As mathematically innovative as Clerk Maxwell was, for example, he seriously altered Michael Faraday's concept of natural forces when he interpreted Faraday's detailed experimental results in strict accordance with classical (Newtonian) mechanics. Maxwell also used classical mechanics as the foundation for his own dynamical theory of the electromagnetic field. 
In her article, Faraday's Field Concept, Nancy J. Nersessian succinctly describes Maxwell's fateful modification of Faraday's original concept: 
    The specific features of Faraday's field concept, in its 'favourite' and most complete form, are that force is a substance, that it is the only substance and that all forces are interconvertible through various motions of the lines of force. These features of Faraday's 'favourite notion' were not carried on. Maxwell, in his approach to the problem of finding a mathematical representation for the continuous transmission of electric and magnetic forces, considered these to be states of stress and strain in a mechanical aether. This was part of the quite different network of beliefs and problems with which Maxwell was working.16 
While Maxwell and Faraday both labored within the parameters established by Aristotle's matter paradigm, Nersessian clearly perceives the problematical dichotomy between Maxwell's rigid adherence to the classical mechanics formalized by Isaac Newton and the intuitive understanding of physical reality demonstrated by Faraday's experimental results. 
On the other hand, the recent discovery of the universal principle of nonmaterial primordial energy (TUPE) implies that the disparate fundamental differences between Aristotle's matter argument and physical reality just-as-it-is – as exemplified by Maxwell and Faraday – are moving toward a new, unified nonmaterial/material physics as humankind enters the 21st century CE. 
It should be noted, however, that 19th century science recognized two different kinds of physical substance which, together, produced the entirety of material reality as it was understood at that point in time. The two substances were defined as: 
	Ponderable matter:  Material substance which has a nonzero physical mass, is capable of being weighed, and occupies space. 

Imponderable matter:  Material substance assumed to have a nonzero mass and occupy space, but which could not be weighed. For example: 
	Heat. 
	Visible light. 
	Electricity. 
	Magnetism. 
Interestingly, a static electric field is the only phenomenon produced by a motionless, nonmoving material (ponderable) mass carrying a positive (q+) or negative (q-) electric charge like the positron or electron, for example. Accelerated material particles having a nonzero (ponderable) mass and carrying a nonzero electric charge produce massless electromagnetic radiation (EMR) by exchanging massless photons with other electrically charged particles. The various photons, in turn, produce the phenomena of heat, visible light, and magnetism, etc. 
The numerous imponderable fluids of the 18th century had given way to imponderable matter which was further subdivided into radiant energy and presumably weightless radiant matter. It turned out that radiant matter is, in fact, ponderable matter and the fourth state of matter is now called plasma. 
The search for radiant matter led from Faraday's chemistry lectures through Maxwell, William Crookes, and Wilhelm Röntgen, winner of the first Nobel Prize in Physics (1901) for his 1895 discovery of X-rays, to J. J. Thomson, winner of the 1906 Nobel Prize in Physics for his 1897 discovery of the electron (e-). 
The search for radiant energy led from Faraday's electricity and magnetism experiments through Maxwell, Hermann Helmholtz, and Heinrich Hertz, to Max Planck's discovery of the quantum of Black Body radiation energy in 1900. 
Unintended consequences: 
Michael Faraday was internationally famous in chemistry, electricity, and magnetism in the mid-19th century scientific community. Moreover, his experiments, laboratory notes, and published papers make it clear that his evolving concept of fundamental force as a rarified substance refers to both imponderable (weightless) radiant mass like heat and visible light, for example, and to imponderable (weightless) radiant energy like magnetism. 
Clerk Maxwell, on the other hand, was unyieldingly limited not only by his belief that all force without exception must be mathematically described as a classical Newtonian force, he was further limited by his professional belief that all energy, including the energy of the electromagnetic field, is mechanical energy. On the latter point Maxwell writes: 
    In speaking of the Energy of the field, however, I wish to be understood literally. All energy is the same as mechanical energy, whether it exists in the form of motion or in that of elasticity, or in any other form. The energy in electromagnetic phenomena is mechanical energy. The only question is, Where does it reside?17 
Indeed, Albert Einstein was in accord with Maxwell's conclusion that electromagnetic energy is fundamentally and irreducibly mechanical energy. Among the serious unintentional consequences of perpetuating the limited, Newtonian view held by Maxwell and Einstein is the fact that some important aspects of Faraday's contributions to science have been historically neglected and remain inadequately developed. 
Einstein and Maxwell's field theory, etc.: 
In his Autobiographical Notes Einstein reveals that before he entered the Federal Polytechnic Institute (Eidgenössische Technische Hochschule, Poly, or ETH) in Zurich, he "had the good fortune of getting to know the essential results and methods of the entire field of the natural sciences in an excellent popular exposition, which limited itself almost throughout to qualitative aspects, a work which I read with breathless attention."18 
Writing from a mature perspective more than five decades later, Einstein admitted that he was something less than an ideal student. He writes that upon entering the ETH at age 17 as a student: 
    There I had excellent teachers (for example, Hurwitz, Minkowski), so that I really could have gotten a sound mathematical education. However, I worked most of the time in the physical laboratory, fascinated by the direct contact with experience. The balance of the time I used in the main in order to study at home the works of Kirchhoff, Helmholtz, Hertz, etc.19 
    What made the greatest impression upon the student, however, was less the technical construction of mechanics or the solution of complicated problems than the achievements of mechanics in areas which apparently had nothing to do with mechanics: the mechanical theory of light, which conceived of light as the wave-motion of a quasi-rigid elastic ether, and above all the kinetic theory of gases:  the independence of the specific heat of monatomic gases of the atomic weight, the derivation of the equation of state of a gas and its relation to the specific heat, the kinetic theory of the dissociation of gases, and above all the quantitative connection of viscosity, heat-conduction and diffusion of gases, which also furnished the absolute magnitude of the atom. These results supported at the same time mechanics as the foundation of physics and of the atomic hypothesis, which latter was already firmly anchored in chemistry. However, in chemistry only the ratios of the atomic masses played any rôle, not their absolute magnitudes, so that atomic theory could be viewed more as a visualizing symbol than as knowledge concerning the factual construction of matter. Apart from this it was also of profound interest that the statistical theory of classical mechanics was able to deduce the basic laws of thermodynamics, something which was in essence already accomplished by Boltzmann.20 
Ludwig Boltzmann (1844-1906), who was living in Vienna when Einstein published his famous 1905 papers, Rudolf Clausius (1822-1888), and Clerk Maxwell were 19th century contemporaries who shared mathematical and scientific interests that laid the foundations of thermodynamics Einstein would revise and employ in his own 20th century theoretical physics. 
Clausius published his famous paper on heat, "Über die bewegende Kraft der Wärme" (About the motive force of heat), in 1850, and from 1855 to 1867 held dual appointments as a professor at the University of Zurich, and as the Chair of Mathematical Physics at the Poly (ETH) in Zurich. Boltzmann derived the Maxwell-Boltzmann distribution law (equipartition of energy) for a classical gas in 1871. 
In almost any critical study of Maxwell, one is led directly to the kinetic theory of gases from which Maxwell and Boltzmann developed the fundamental principles of statistical mechanics, and to Clausius, whose mechanical theory of heat established the foundation of classical thermodynamics. 
The mature Einstein further acknowledges: 
    The most fascinating subject at the time that I was a student was Maxwell's theory. What made this theory appear revolutionary was the transition from forces at a distance to fields as fundamental variables. The incorporation of optics into the theory of electromagnetism, with its relation of the speed of light to the electric and magnetic absolute system of units as well as the relation of the refraction coëfficient and the metallic conductivity of the body—it was like a revelation. Aside from the transition to field-theory, i.e., the expression of the elementary laws through differential equations, Maxwell needed only one single hypothetical step—the introduction of the electrical displacement current in the vacuum and in the dielectrica and its magnetic effect, an innovation which was almost prescribed by the formal properties of the differential equations. In this connection I cannot suppress the remark that the pair Faraday-Maxwell has a most remarkable inner similarity with the pair Galileo-Newton – the former of each pair grasping the relations intuitively, and the second one formulating those relations exactly and applying them quantitatively.21 
The relationship expressed in the last sentence of Einstein's quoted commentary above may be accurate when applied to the Galileo-Newton pair; nonetheless, the analogy breaks down when applied to the Faraday-Maxwell pair because of their fundamental disagreement between Maxwell's adherence to the traditional view that all forces are Newtonian forces and Faraday's intuitive experimental understanding of the imponderable, nonmechanical force of magnetism.
Section 4:  Faraday Versus Maxwell 
Twenty year old Michael Faraday had an organized, agile, inquiring mind. On Saturday, 29 February 1812, he attended the first of a series of four lectures on the science of chemistry by Humphry Davy at the Royal Institution, London, England. The subject of Davy's lecture was radiant matter (19th century imponderable, weightless matter) and Faraday came prepared to learn. He brought pencils and paper and took detailed notes. 
Now, just 4 years later, after being hired as Sir Humphry Davy's laboratory assistant on 1 March 1813, at the Royal Institution, then acting as Davy's secretary while visiting the leading French and Italian chemists on the Continent with Sir Humphry and Lady Davy from October 1813 to April 1815, Faraday's chemical lectures to the members of the City Philosophical Society in 1816 reflect his growing understanding of the new science of chemistry. 
In the meticulous outline of his fourth chemical lecture, "On Radiant Matter," Faraday wrote out beforehand: 
    Assuming heat and similar subjects to be matter, we shall then have a very marked division of all the varieties of substance into two classes:  one of these will contain ponderable and the other imponderable matter.
    The great source of imponderable matter, and that which supplies all the varieties, is the sun, whose office it appears to be to shed these subtle principles over our system. ... 22
    If we now conceive a change as far beyond vaporisation as that is above fluidity, and then take into account also the proportional increased extent of alteration as the changes rise, we shall perhaps, if we can form any conception at all, not fall far short of radiant matter; and as in the last conversion many qualities were lost, so here also many more would disappear. 23 
In his 1819 lecture to the City Philosophical Society, "On the Forms of Matter," Faraday offered his own opinion on imponderable matter and nature: 
    There are so many theoretical points connected with the states of matter that I might involve you in the discussions of philosophers through many lectures without doing justice to them. In the search after the cause of the changes of state of bodies, some have found it in one place, some in another; and nothing can be more opposite than the conclusions they come to. The old philosophers, and with them many of the highest of the modern, thought it to be occasioned by a change either in the motion of the particles or in their attractive power; whilst others account for it by the introduction of another kind of matter, called heat, or caloric, which dissolves all that we see changed. The one set assume a change in the state of the matter already existing, the other create a new kind for the same end.
    The nature of heat, electricity, &c., are unsettled points relating to the same subject. Some boldly assert them to be matter; others, more cautious, and not willing to admit the existence of matter without that evidence of the senses which applies to it, rank them as qualities. It is almost necessary that, in a lecture on matter and its states, I should give you my own opinion on this point, and it inclines to the immaterial of these agencies. One thing, however, is fortunate, which is, that whatever our opinions, they do not alter nor derange the laws of nature. We may think of heat as a property, or as matter:  it will still be of the utmost benefit and importance to us. We may differ with respect to the way in which it acts:  it will still act effectually, and for our good; and, after all, our differences are merely squabbles about words, since nature, our object, is one and the same. (Faraday's emphasis)24 
Four decades later a falling out between Michael Faraday and James Clerk Maxwell over a single word that produced the essentially opposite concept in the mind of each participant opened a chasm of misunderstanding that changed the course of electromagnetism for at least a century and a half. 
The discovery of the universal principle of energy (TUPE) – the first principle of fundamental, irreducible nonmaterial primordial energy (NPE) – at the beginning of the 21st century unequivocally supports Faraday's intuitive understanding of the issue. 
Following his mentor, William Thomson (Lord Kelvin), Maxwell was intent upon formalizing Faraday's experimental results using the classical Newtonian mathematics of his British and Continental colleagues. Faraday's experimental results, however, described the novel non-Newtonian, nonmechanical electric and magnetic fields as physically real imponderable radiant energy (vedi sotto definizione) that occupied space but could not be weighed
	Energia radiante (radiant energy): è l'energia trasportata da un qualunque campo di radiazione elettromagnetica  . Essa viene indicata con Qe e la sua unità di misura nel SI è il joule (J). 

Putting aside the innovative mathematical formalism developed by Maxwell to describe his own dynamical theory of electromagnetic fields, the critical difference between Maxwell's classical Newtonian mechanics concept of magnetic lines of force as opposed to the intuitive understanding of the energetic, nonmaterial fundamental forces contained in Faraday's laboratory notes and verified by experiment erupted without warning. The issue is clearly articulated in Maxwell's letter of 9 November 1857 in which he reprimands Faraday for his unscientific (i.e., nonmechanical, non-Newtonian) use of the word "force": 
TO PROFESSOR FARADAY. 
129 Union Street,  Aberdeen,
9th November 1857. 
     DEAR SIR—I have to acknowledge receipt of your papers on the Relations of Gold to Light, and on the   Conservation of Force. Last spring you were so kind as to send note a copy of the latter paper, and to ask what I  thought of it. 
     That question silenced me at that time, but I have since heard and read various opinions on the subject, which   render it both easy and right for me to say what I think. And first I pass over some who have never understood   the known doctrine of conservation of force, and who suppose it to have something to do with the equality of  action and reaction. 
     Now, first, I am sorry that we do not keep our words for distinct things more distinct, and speak of the   "Conservation of Work or of Energy" as applied to the relations between the amount of "vis viva" and of "tension"   in the world; and of the "Duality of Force" as referring to the equality of action and reaction. 
     Energy is the power a thing has of doing work arising either from its own notion or front the "tension" subsisting  between it and other things. 
     Force is the tendency of a body to pass from one place to another, and depends upon the unmount of change of   "tension" which that passage would produce. 
     Now, as far as I know, you are the first person in whom the idea of bodies acting at a distance by throwing the  surrounding medium into a state of constraint has arisen, as a principle to be actually believed in. We have had   streams of hooks and eyes flying around magnets, and even pictures of them so beset; [203] but nothing is clearer    than your descriptions of all sources of force keeping up a state of energy in all that surrounds them, which state   by its increase or diminution measures the work done by any change in the system. You seem to see the lines of 
     force curving round obstacles and driving plump at conductors, and swerving towards certain directions in   crystals, and carry-ing with them everywhere the same amount of attractive power, spread wider or denser as the   lines widen or contract. 
     You have also seen that the great mystery is, not how like bodies repel and unlike attract, but how like bodies   attract (by gravi[ta]tion). But if you can get over that difficulty, either by making gravity the residual of the two   electricities or by simply admitting it, then your lines of force can "weave a web across the sky," and lead the stars    in their courses without any necessarily immediate connection with the objects of their attraction.  The lines of Force from the Sun spread out from him, and when they come near a planet curve out from it, so   that every planet diverts a number depending on its mass from their course, and substitutes a system of its own so 
     as to become something like a comet, if lines of force were visible. 
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     The lines of the planet are separated from those of the Sun by the dotted line. Now conceive every one of these    lines (which never interfere but proceed from sun and planet to infinity) to have a pushing force instead of a   pulling one, and then sun and planet will be pushed together with a force which comes out as it ought,  proportional to the product of the masses and the inverse square of the distance. 
     The difference between this case and that of the dipolar forces is, that instead of each body catching the lines of   force from the rest, all the lines keep as clear of other bodies as they can, and go off to the infinite sphere against   which I have supposed then to push. [204] 
     Here then we have conservation of energy (actual and potential), as every student of dynamics learns, and besides   this we have conservation of "lines of force" as to their number and total strength, for every body always sends   out a number pro-portioned to its own mass, and the pushing effect of each is the same. 
     All that is altered when bodies approach is the direction in which these lines push. When the bodies are distant   the dis-tribution of lines near each is little disturbed. When they approach, the lines march round from between    them, and come to push behind each, so that their resultant action is to bring the bodies together with a resultant   force increasing as they approach. 
     Now the mode of looking at Nature, which belongs to those who can see the lines of force, deals very little with  "resultant forces," but with a network of lines of action of which these are the final results, so that I, for my part,    can not realise your dissatisfaction with the law of gravitation, provided you conceive it according to your own   principles. It may seem very different when stated by the believers in "forces at a distance," but there can be only 
     differences in form and conception, not in quantity or mechanical effect, between them and those who trace force   by its lines. 
     But when we face the great questions about gravitation—Does it require time? Is it polar to the "outside of the   uni-verse" or to anything? Has it any reference to electricity? or does it stand on the very foundation of matter,   mass or inertia? — then we feel the need of tests, whether they be cornets or nebulæ, or laboratory experiments,  or bold questions as to the truth of received opinions. 
     I have now namely tried to show you why I do not think gravitation a dangerous subject to apply your methods to,    and that it may be possible to throw light on it also by the embodiment of the same ideas, which are expressed   mathematically in the functions of Laplace and of Sir W. R. Hamilton in Planetary Theory. 
     But there are questions relating to the connection between magneto-electricity and certain mechanical effects   which seems to me opening up quite a new road to the establishment of principles in electricity, and a possible   conformation of the physical nature of magnetic lines of force. Professor W. Thomson seems to have some new   lights on this subject.—Yours sincerely, 
                                                                JAMES CLERK MAXWELL.
 Thus, Maxwell unilaterally and unconscionably reinterpreted Faraday's intuitive interpretation of electrical and magnetic lines of force (energy, flux) based on decades of experimental results and replaced it with the traditional concept of Newtonian mechanical force. Faraday replied to Maxwell's unexpected letter with typical directness. 
On 13 November 1857 he wrote: 
    Your letter is to me the first intercommunication on the subject with one of your mode and habit of thinking. ...
    I perceive that I do not use the word 'force' as you define it, 'the tendency of a body to pass from one place to another.' What I mean by the word is the source or sources of all possible actions of the particles or materials of the universe, these being often called the powers of nature when spoken of in respect of the different manners in which their effects are shown. 
Faraday was unable to influence Maxwell's unilateral decision to ignore the unequivocal laboratory test results on this crucial point. 
One of Faraday's efforts to clarify his own position is the June 1858 addendum to his original article, On the Conservation of Force, which was published in the Proceedings of the Royal Institution on 27 February 1857.  Ecco l’addendum:
Addendum * 
by Michael Faraday 
Introduction:  Faraday wrote this June 1858 paper as an addendum to his article On the Conservation of Force in response to the unexpected professional disagreement and separation from Faraday and Faraday's novel interpretation of his electric and magnetic experimental results expressed in Clerk Maxwell's letter dated 9 November 1857. Faraday's article, On the Conservation of Force, was published in the Proceedings of the Royal Institution on 27 February 1857. 
    During the year that has passed since the publication of the preceding views regarding gravitation, &c., I have come to the knowledge of various observations upon them, some adverse, others favourable; these have given me no reason to change my own mode of viewing the subject, but some of them make me think that I have not stated the matter with sufficient precision. The word "force" is understood by many to mean simply "the tendency of a body to pass from one place to another," which is equivalent, I suppose, to the phrase "mechanical force;" those who so restrain its meaning must have found my argument very obscure. What I mean by the word "force," is the cause of a physical action; the source or sources of all possible changes amongst the particles or materials of the universe. 
    It seems to me that the idea of the conservation of force is absolutely independent of any notion we may form of the nature of force or its varieties, and is as sure and may be as firmly held in mind, as if we, instead of being very ignorant, understood perfectly every point about the cause of force and the varied effects it can produce. There may be perfectly distinct and separate causes of what are called chemical actions, or electrical actions, or gravitating actions, constituting so many forces; but if the "conservation of force" is a good and true principle, each of these forces must be subject to it:  none can vary in its absolute amount; each must be definite at all times, whether for a particle, or for all the particles in the universe; and the sum also of the three forces must be equally unchangeable. Or, there may be but one cause for these three sets of actions, and in place of three forces we may really have but one, convertible in its manifestations; then the proportions between one set of actions and another, as the chemical and the electrical, may become very variable, so as to be utterly inconsistent with the idea of the conservation of two separate forces (the electrical and the chemical), but perfectly consistent with the conservation of a force being the common cause of the two or more sets of action. 
    It is perfectly true that we cannot always trace a force by its actions, though we admit its conservation. Oxygen and hydrogen may remain mixed for years without showing any signs of chemical activity; they may be made at any given instant to exhibit active results, and then assume a new state, in which again they appear as passive bodies. Now, though we cannot clearly explain what the chemical force is doing, that is to say, what are its effects during the three periods before, at, and after the active combination, and only by very vague assumption can approach to a feeble conception of its respective states, yet we do not suppose the creation of a new portion of force for the active moment of time, or the less believe that the forces belonging to the oxygen and hydrogen exist unchanged in their amount at all these periods, though varying in their results. A part may at the active moment be thrown off as mechanical force, a part as radiant force, a part disposed of we know not how; but believing, by the principle of conservation, that it is not increased or destroyed, our thoughts are directed to search out what at all and every period it is doing, and how it is to be recognized and measured. A problem, founded on the physical truth of nature, is stated, and, being stated, is on the way to its solution. 
    Those who admit the possibility of the common origin of all physical force, and also acknowledge the principle of conservation, apply that principle to the sum total of the force. Though the amount of mechanical force (using habitual language for convenience sake) may remain unchanged and definite in its character for a long time, yet when, as in the collision of two equal inelastic bodies, it appears to be lost, they find it in the form of heat and whether they admit that heat to be a continued mechanical action (as is most probable), or assume some other idea, as that of electricity, or action of a heat-fluid, still they hold to the principle of conservation by admitting that the sum of force, i.e., of the "cause of action," is the same, whatever character the effects assume. With them the convertibility of heat, electricity, magnetism, chemical action and motion is a familiar thought; neither can I perceive any reason why they should be led to exclude, a priori, the cause of gravitation from association with the cause of these other phenomena respectively. All that they are limited by in their various investigations, whatever directions they may take, is the necessity of making no assumption directly contradictory of the conservation of force applied to the sum of all the forces concerned, and to endeavour to discover the different directions in which the various parts of the total force have been exerted. 
    Those who admit separate forces inter-unchangeable, have to show that each of these forces is separately subject to the principle of conservation. If gravitation be such a separate force, and yet its power in the action of two particles be supposed to be diminished fourfold by doubling the distance, surely some new action, having true gravitation character, and that alone, ought to appear; for how else can the totality of the force remain unchanged? To define the force as "a simple attractive force exerted between any two or all the particles of matter, with a strength varying inversely as the square of the distance," is not to answer the question; nor does it indicate or even assume what are the other complementary results which occur; or allow the supposition that such are necessary: it is simply, as it appears to me, to deny the conservation of force. 
    As to the gravitating force, I do not presume to say that I have the least idea of what occurs in two particles when their power of mutually approaching each other is changed by their being placed at different distances; but I have a strong conviction, through the influence on my mind of the doctrine of conservation, that there is a change; and that the phenomena resulting from the change will probably appear some day as the result of careful research. If it be said that "'twere to consider too curiously to consider so," then I must dissent. To refrain to consider, would be to ignore the principle of the conservation of force, and to stop the inquiry which it suggests:—whereas to admit the proper logical force of the principle in our hypotheses and considerations, and to permit its guidance in a cautious yet courageous course of investigation, may give us power to enlarge the generalities we already possess in respect of heat, motion, electricity, magnetism, &c.; to associate gravity with them; and perhaps enable us to know whether the essential force of gravitation (and other attractions) is internal or external as respects the attracted bodies. 
    Returning once more to the definition of the gravitating power as "a simple attractive force exerted between any two or all the particles or masses of matter at every sensible distance, but with a STRENGTH VARYING inversely as the square of the distance," I ought perhaps to suppose there are many who accept this as a true and sufficient description of the force, and who therefore, in relation to it, deny the principle of conservation. If both are accepted and are thought to be consistent with each other, it cannot be difficult to add words which shall make "varying strength" and "conservation" agree together. It cannot be said that the definition merely applies to the effects of gravitation as far as we know them. So understood, it would form no barrier to progress; for, that particles at different distances are urged towards each other with a power varing inversely as the square of the distance, is a truth; but the definition has not that meaning; and what I object to is the pretence of knowledge which the definition sets up, when it assumes to describe, not the partial effects of the force, but the nature of the force as a whole. 1 
June, 1858.
M.F.
* Note:  The emphasis placed on various words and phrases is Faraday's.
Maxwell's unfortunate unilateral decision is even more puzzling in view of the fact that on numerous occasions Faraday's writings contain the word "force" used in an unmistakably non-Newtonian sense. For example, Maxwell not only read Faraday's June 1852 paper, On the Physical Character of the Lines of Magnetic Force,30 he also cited it as a reference in his own work two years prior to writing the November 1857 letter quoted above . A number of years later Maxwell reluctantly admitted that the word "force" may, indeed, indicate energy as well as classical (Newtonian) force. In his essay, Hermann Ludwig Ferdinand Helmholtz, he wrote: 
    It is unnecessary here to refer to the labours of the different men of science who, each in his own way, have contributed by experiment, calculation, or speculation, to the establishment of the principle of the conservation of energy; but there can be no doubt that a very great impulse was communicated to this research by the publication in 1847, of Helmholtz's essay Ueber die Erhaltung der Kraft, which we must now (and correctly, as a matter of science) translate Conservation of Energy, though in the translation which appeared in Taylor's Scientific Memoirs, the word Kraft was translated Force in accordance with the ordinary literary usage of that time.31 
Maxwell's paragraph quoted above is rich in significance. Faraday's reading the translation of Helmholtz's 1847 essay was the event that sparked his paper of the same title, On the Conservation of Force. Furthermore, one of Maxwell's anonymous "different men of science" whose labors significantly contributed "to the establishment of the principle of the conservation of energy" – particularly in chemistry – was, of course, Michael Faraday. 
Faraday's paper – cited by Maxwell in the first sentence of his November 1857 letter above and specifically acknowledged as duly read in the second sentence – was published 27 February 1857 in the Proceedings of the Royal Institution.32 It should be noted that Faraday's paper includes a formal footnote that properly cites the translated Helmholtz paper in Taylor's Scientific Memoirs.33 
Thus, as clearly expressed in his November letter to Faraday nine months after reading the February 1857 Faraday paper that confounded him, Maxwell shook the dust of Faraday's novel non-Newtonian experimental results from his professional theoretical garments and clothed himself in the dynamical concept of mechanical force described by Newton nearly two centuries earlier. 
It seems to be a particularly incongruous and unsatisfactory twist of fate that at the beginning of his professional career as a "nature philosopher" (physicist) Michael Faraday went from an apprentice bookbinder to being hired as Sir Humphrey Davy's laboratory assistant in the eleven month period from April 1812 to March 1813. 
Then, at the end of his professional career after more than forty unparalleled years as an internationally renowned experimentalist in chemistry, electricity, and magnetism, that Faraday's novel concept of force – i.e., the novel concept of nonmechanical, nonmaterial primordial energy – should be rejected and dismissed out of hand by Maxwell in the short nine month period from February to November 1857, and that Maxwell presented Faraday's work to the larger scientific community as traditional Newtonian mechanical force. 
Less than fifty years later Albert Einstein and the learned classmate who became his first wife, Mileva Marić (English: pronounced Marich; German: Maritsch), extended the conflation of Maxwell's electrodynamics and classical mechanical force by developing a new kinematics as part of their 1905 theory of special relativity. 
Interestingly, in his recent paper, The Theory Of Relativity - Galileo’s Child, Mitchell Feigenbaum mathematically demonstrates that conflating the constant speed of light with either Galilean or Einsteinian relativity is an unnecessary ad hoc concept. He writes: 
In this paper, not only do I show that the constant speed of light is unnecessary for the construction of the theories of relativity, but overwhelmingly more, there is no room for it in the theory. (Feigenbaum's emphasis.)

 Section 6:  Faraday and the Ether 
Throughout much of the 19th century the movement of physical phenomena in space was generally thought to be facilitated by a poorly defined material ether. As was his custom in matters concerning mathematical and theoretical physics, James Clerk Maxwell consulted with his friend, colleague, and mentor William Thomson – who was later knighted as Baron Kelvin of Largs (Lord Kelvin) – on the issue of the luminiferous ether and later incorporated some of Thomson's ideas in his dynamical theory of the electromagnetic field. Maxwell wrote: 
    From these considerations Professor W. Thomson has argued*, that the medium must have a density capable of comparison with that of gross matter, and has even assigned an inferior limit to that density.
    We may therefore receive, as a datum derived from a branch of science independent of that with which we have to deal, the existence of a pervading medium, of small but real density, capable of being set in motion, and of transmitting motion from one part to another with great, but not infinite, velocity. 
* On the Possible Density of the Luminiferous Medium, and on the Mechanical Value of a Cubic Mile of Sunlight,
Transactions of the Royal Society of Edinburgh (1854), p. 57. 35 
More than a century after Einstein's 1905 statement declaring that a mechanical ether is superfluous in the special theory of relativity, many individuals seem to believe his statement pertains to any ether, any time, anywhere. That is not the case. Einstein specifically targeted the rigid mechanical (Lorentzian) ether then in vogue. Nor was Einstein the first natural philosopher (physicist) to reject Maxwell's mechanical ether. Indeed, the universal principle of energy points directly to the all-encompassing, pervasive, nonmaterial primordial energy domain. 
Some fifty years prior to Albert Einstein's exclusion of the Maxwell-Hertz-Lorentz ether, Michael Faraday had doubts about the necessity of a luminiferous ether. In his paper, The Hypothetical Ether, written in the early 1850's and preserved in the archives of the Royal Institution, London, Faraday wrote: 
    The ether – its requirements – should not mathematics prove or shew that a fluid might exist in which lateral vibrations are more facil than direct vibrations.
    Can that be the case in a homogeneous fluid?
    Yet must not the ether be homogeneous to transmit rays in every direction at all times.
    If a stretched spring represent by its lateral vibrations the ether and its vibrations – what is there in the ether that represents the strong cohesion in the line of the string particles on which however the lateral vibration(s) essentially depend.
    And if one tries to refer it to a sort of polarity how can that consist with the transmission of rays in every direction at once across a given ether.
    If the ether be supposed capable of transmitting direct vibration(s) also – then which is most facilly transmitted.
    Which will pass into the ether.
    Do the direct vibrations constitute light rays or not.
    If so what is the property of this light.
    If not what are the results of this direct vibration.
    Can not all the light in a ray be polarized by Iceland Spar [transparent calcite] – and therefore is not all the vibrations lateral – Then there are no direct vibrations.
    As rays of heat and actinics 36 can be polarized so their rays or vibrations as lateral as those of light.
    Is it possible to conceive a liquid in which there shall be all lateral and no direct vibration.
    How do any lateral vibrations in fluids resolve themselves?
    The lateral vibrations in pools of water by wind – are soon converted into direct vibrations.
    How can the lateral vibrations from a center open out i.e. what becomes of them as to their lateral extent at increased distances – what is the relative magnitude laterally – close to the light center and at 10 or 100 times that distance.
    If the same then how do the vibrations open out at the increased distance so as to fill 100 times or 10000 times the same area or how do they superpose close at hand to the center so as to be able to open out to this extent.
    Should not a mathematical account be given of the possibility of all these things.
    If the ether be uniform in all directions and the transmission of rays shews that – then how is it that a progressive lateral vibration is not very quickly converted by the massy restitution of forces into direct vibrations expanding laterally.
    If a tense wire or string in a fluid have a progressive lateral vibration given to it – does any portion of the fluid [illeg.] with it and by it convey lateral vibration – or do they not all quickly become direct vibrations. 
Faraday's paper, The Hypothetical Ether, remained unpublished until L. Pearce Williams included it in his biography of Faraday in 1965. The reason for its obscurity is an enigma. Williams notes that it is an integral part of Faraday's laboratory Diary, "There does exist a manuscript, contained in the eighth folio volume of the manuscript copy of the Diary, entitled 'The Hypothetical Ether'."37 
As Faraday's biographer, Williams is at a loss to explain the highly irregular lack of publication imposed upon this single paper in Faraday's laboratory Diary. "This volume," he writes, "is at the Royal Institution. Thomas Martin, in his preface to volume 7 of the published Diary, does not mention this paper or give his reasons for not publishing it."38 
Continued in Chapter 5:  The Energetic Primordial Medium 
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35  Maxwell, James Clerk. The Scientific Papers of James Clerk Maxwell [1890], vol. 1, p. 528. W. D. Niven, editor. Two volumes bound as one, Dover Publications, New York (no date). 
36  Actinism:  The intrinsic property in radiation that enables it to produce photochemical activity. 
37  Williams, L. Pearce. Michael Faraday, A Biography, p. 455. Da Capo Press, Inc., New York, NY, 1965.  ISBN 0-306-80299-6 
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Chapter 5:  The Energetic Primordial Medium 
Section 1:  Beyond Electromagnetic Induction 
Michael Faraday devoted his scientific career to discovering and describing in plain language the physical unity and interconvertibility of the diverse chemical, electrical, and magnetic forces manifested by, and through, particulate matter. After graduating from Trinity College, Cambridge, in 1854 mathematician James Clerk Maxwell embarked on his career by interpreting Faraday's experimental results within the framework of classical (Newtonian) physics. Albert Einstein used Maxwell's dynamical electromagnetic field theory as the foundation of his 1905 special theory of relativity. 
In early 19th century England Faraday was an internationally renowned experimentalist without peer in physical chemistry, electricity, and magnetism. Both successful and unsuccessful experiments provided useful insights and information in his laboratory at the Royal Institution, London. Faraday made fundamental discoveries in electrochemistry, electrostatics, electricity, magnetism, and electromagnetism. The series of experiments which resulted in his discovery of electromagnetic induction in 1831 spanned a period of 10 years. 1 
Elected to the Royal Society of London in 1824, Faraday became a charter member of the British Association for the Advancement of Science in 1831. 2 Ill health forced him to suspend his strenuous experimental schedule in 1839. At the British Association meeting following William Thomson's 1845 graduation from Cambridge, Faraday asked Thomson's opinion on the mathematics included in a paper he had received from Amedeo Avogadro in Italy. 3 
Thomson, who later became Lord Kelvin, handily performed the task and asked three personal questions concerning dielectrics at the end of his 6 August 1845 written response. 4 Thomson's questions intrigued Faraday and motivated him to resume his electromagnetic experiments. The new investigations into the great mystery of electromagnetism had barely resumed later that year when Faraday encountered an even greater mystery; namely, the mystery of the physical nature of magnetism per se. 
An unsolved mystery:
Faraday's electromagnetic experiments in the 1830's were designed to discover the unifying principles underlying what seemed to be several kinds of electricity and magnetism. Electricity and magnetism per se were classified as imponderables belonging to one of the two kinds of physical substance recognized by classical 19th century natural philosophy (physics): 
	Ponderable matter:  Material substance which has a nonzero mass, is capable of being weighed, and occupies space. 

Imponderable matter:  Material substance assumed to have a nonzero mass and occupy space, but which could not be weighed. For example: 
	heat. 
light. 
electricity. 
magnetism. 
Faraday's new investigations motivated by Thomson's dielectric questions in the letter of 6 August quickly expanded in scope. In a 1 November 1845 letter to William R. Grove, he wrote: 
Royal Institution | 1 Novr. 1845
    Dear Grove
    I am ashamed to say that I forgot until now to thank you on my wife's part for the birds you sent her but I have been very busy & am so still – & the results or some of them you shall hear of shortly[.]
    Ever Truly Yours | M. Faraday
    W.R. Grove Esq | &c &c 5 
	Editor Frank A.J.L. James adds an explanatory footnote: 
	    This was Faraday's discovery of the magneto-optical [transmission] effect,6 that the state of polarization of light could be changed by a magnet when the light passed through a piece of heavy glass. He made this discovery on 13 September 1845 ... following his failure to find a change in light passing through a transparent dielectric ... and on which he had been working since. ... The transparent bodies which he found displayed this property he quickly called 'dimagnetics'7,8 ... in analogy with dielectrics,... .9 

The "heavy glass" James refers to in the footnote above was considerably more than a piece of ordinary glass. It had been specially manufactured by Faraday himself at the Royal Institution. Biographer Williams writes:  "There were, in the laboratory, pieces of the heavy glass that Faraday had made back in 1830 for the Royal Society. This glass had an extraordinarily high refractive index, indicating that it acted powerfully upon light."10 
In his laboratory Diary, paragraph 7504, Faraday wrote: 
    A piece of heavy glass ... which was 2 inches by 1.8 inches, and 0.5 of an inch thick, being a silico borate of lead, and polished on the two shortest edges, was experimented with. It gave no effects when the same magnetic poles or the contrary poles were on opposite sides (as respects the course of the polarized ray) – nor when the same poles were on the same side, either with the constant or intermitting current – BUT,* when contrary magnetic poles were on the same side, there was an effect produced on the polarized ray, and thus magnetic force and light were proved to have relation to each other. This fact will most likely prove exceedingly fertile and of great value in the investigation of both conditions of natural force [7504]. (Faraday's emphasis) 
* This word is underlined three times in the manuscript.11 
Through this remarkable entry in his laboratory Diary we are privy to the method, the means, and the historical event on 13 September 1845 during which Faraday discovered the physical relationship between visible light (nonmaterial electromagnetic energy) and magnetism (nonmaterial magnetic energy). Note well that visible light is electromagnetic energy and magnetism is exclusively magnetic energy. In other words, magnetic energy per se is separate and distinct from the electromagnetic radiation spectrum. 
By the time he penned a response to Sir John Herschel's letter of 9 November,12 Faraday had tested the phenomenon thoroughly and was prepared to describe the new magneto-optical transmission effect to Herschel. On 13 November 1845, he wrote: 
    It was only the very strongest conviction that Light, Mag & Electricity must be connected that could have led me to resume the subject & persevere through much labour before I found the key. Now all is simplicity itself. 
    The results briefly are these[.] If certain transparent substances be placed between the poles of a magnet so that that line of power commonly called the Magnetic curve pass through them & a ray of polarized light be also passed through parallel to the line of magnetic force then the ray is rotated: if the line of Magnetic force pass one way the rotation is in one direction: if it pass the other way the rotation is in the contrary direction[.] If these same substances be placed in a helix & the electric current be sent round them whilst a polarized ray passes along the axis of the helix, it is in these substances rotated one way for one direction of the current the other way for the other direction[.] (Faraday's emphasis)13 
The magneto-optical transmission phenomenon was only the first of two new discoveries Faraday described in the letter to Herschel on 13 November 1845. In the last paragraph he revealed he also discovered a novel magnetic effect: 
    I have however (guided by my views of the action of magnets across dimagnetics: Exp Researches 1709-1736)14 discovered other means of examining the extraordinary state into which bodies generally are thrown by the magnetic forces, than their effect on a ray of light, and not only do doubly refracting crystals but opaque bodies – metals & I conclude all bodies come into subjection. ... My next paper to the R.S [Royal Society]15 will contain an account of new magnetic actions & conditions of matter. (Faraday's emphasis)16 
	James describes the word "dimagnetics" in the first sentence as "A slip of the pen for dielectrics." Perhaps it was. There is no doubt Faraday was focused on the new magnetic actions and eager to get on with experimentally investigating the novel diamagnetic condition he had discovered in transparent and opaque ponderable bodies. 

In a separate note James succinctly describes Faraday's discovery of the diamagnetic condition in a transparent ponderable body: 
	    On 4 November 1845, Faraday had discovered that a piece of heavy glass when hung between the poles of an electro-magnet aligned itself equatorially between the poles when the current was on. This he noted would probably allow him to extend dimagnetic properties into opaque bodies.17 
Faraday later learned that the diamagnetic repulsion and the central axis equatorial alignment of opaque ponderable bodies had been observed and noted by several previous investigators, none of whom investigated the phenomenon further: 
    Brugmans first observed the repulsion of bismuth by a magnet in 1778.18 Coulomb appears to have seen a needle of wood set itself across a magnetic field; Edmond Becquerel reported the effect on wood in 1827, the same year that le Baillif published a paper on the magnetic repulsion of bismuth and antimony. In 1828 Seebeck reported the same effect with other substances. (L.Pearce Williams' emphasis)19 
Faraday's experiments into the phenomenon of diamagnetism demonstrated that virtually every ponderable object is diamagnetic to one degree or another. In contrast to simply being either unaffected by, or attracted to, the strongest part of the magnetic field by aligning its central axis parallel to the magnetic field lines like an ordinary magnet, he discovered that in a sufficiently strong magnetic field virtually every ponderable material object behaves diamagnetically. 
That is to say – and this is crucial to understanding the phenomenon – virtually any material object will be repelled by a sufficiently strong magnetic field, and the object will seek the weakest point of that incident magnetic field while aligning its central axis perpendicular (90 degrees) to the incident magnetic lines of flux. 
Recognizing that his experimental results pertaining to diamagnetism would require a broader classification of imponderable magnetic phenomena, Faraday contacted his learned friend, William Whewell. Whewell suggested the continued use of the term "diamagnetic" to indicate the new properties and adding the term "paramagnetic" to indicate previously known magnetic properties, thereby dividing magnetic phenomena into two classes. Ferromagnetic, antiferromagnetic, and ferrimagnetic phenomena, among others, have been added to the list over the past 150 years. 
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