Optical Phenomena in the Aether
Ionel DINU, M.Sc.
Physicist
E-mail: nysics_central@yahoo.com
(Dated: October 03, 2008)
Copyright © Ionel DINU

Abstract
Although the theory of light seems completed and many believe that the
behavior of light has been accounted for down to the most insignificant
detail, there are certain experimental facts in optics for which explanations
are still unsatisfactory. It may seem surprising – but nevertheless true – if we
state that in fact the most basic phenomena of reflection and refraction of
light are such examples of incompletely explained experimental findings,
and that they are topics on which the last word has not been said yet. Further,
the relation between the refractive index of a transparent medium and its
chemical structure, the cause of diffraction, the mechanism of dispersion and
that of double refraction, are subjects in need to be integrated into a
comprehensive and unitary theory. The abandonment, during the
development of the theory of light, of the aether as a necessary medium for
its propagation, led to the anomalies that we encounter today, of which one
example is the utterly incomprehensible notion of light as a corpuscle and as
a wave at the same time, in which it is purported that one feature gives
stronger effects than the other depending on the experimental set up. The
initial purpose of the present work was to see on what grounds has the aether
been dropped from any theory of light. After finding that the key reason for
this was the hypothesis of light as a transversal oscillation of the aether, this
work gained a second purpose: to show whether this hypothesis was indeed
necessary for the explanation of the optical phenomena it claimed it
described, i.e. those involving light modified by reflection or double
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refraction. We find that the hypothesis of light as a transversal oscillation of
the aether is not necessary for explaining the phenomena of double
refraction and those related to it and the present study shows how this proves
that it is not only possible, but mandatory, to return to a picture in which
light is a longitudinal, compression wave in the aether. This later
representation is not new, having been long held true by most of the
scientists who made significant contributions to the development of the
theory of light. The return to the representation of light as a compression
wave in the aether will lead to a better understanding of the optical
phenomena and, most significantly, it will open the way towards an
intelligible and more accurate theory of the aether itself.
Keywords: light, aether, refraction, polarization

Introduction
It is perhaps not far from truth to say that light and its propagation through space was,
throughout the history of science, the most challenging subject of study for anyone who
wanted to understand the inner workings of the physical world. The processes involving
light, also known as optical phenomena, were carefully studied by the learned
philosophers of the past who advanced hypotheses as to their possible nature and
mechanisms. The present understanding of the subject can be traced back to Christiaan
Huygens who was the first to publish, in 1690, an explanation of light reflection and
refraction based on a wave theory of light that propagated through the aether in pulses.
[1] The phenomena of extraordinary refraction, observed before him in the crystal of
Iceland spar and reported for the first time by Erasmus Bartholinus [2], were discussed
in a consistent way in Huygens’ work.
Another philosopher who studied at about the same time and at great length the subject
of light was Isaac Newton. However, his conception that light was composed of
corpuscles proved to be inadequate and had to be abandoned in the face of the
observation that beams of light coming from different directions cross without
disturbing each other, of the beautiful phenomena of interference of light and of a
number of some other unphysical consequences to which it led. [3]
While the vibrating medium in which light propagated was universally accepted to be
the aether, there remained the class of phenomena of double refraction for which an
adequate explanation was in want. It is true that Huygens had proposed his theory, but it
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was shown to be in need of improvements by the new experimental findings observed in
the reflection and interference of double refracted light. The awaited theory, expected to
be able to account for this later phenomena, eventually came as a proposal made
independently [4] by Thomas Young [5] and Augustin Fresnel [6], who based their
explanations on some new assumptions regarding the way in which light propagated
through space. The most significant of these proposals was that, instead of considering
that the aether vibrated in the direction of the propagation of the ray of light in a pulsed
manner, it be taken to vibrate in a perpendicular direction to that of the ray of light. In
other words, Young’s and Fresnel’s proposition was to regard light not as a longitudinal
wave any more, but as a transversal one.
The hypothesis of transversal waves in aether was, in fact, an adaptation of an original
idea belonging to Etienne-Louis Malus, who had discovered that a ray of light reflected
by glass acquired special properties, becoming anisotropic in directions perpendicular to
the direction of propagation of light. As Malus was a follower of Newton’s conception
of light as corpuscles, he named this modified light “polarized”, to signify that the
corpuscles making up the light, while having their poles arbitrarily oriented in space in
the case of normal light, were, in the case of light “modified” by reflection, aligned in a
single direction, this direction being perpendicular to the direction of their propagation.
Even so, Malus was of the opinion that the effects he discovered could not be explained
satisfactorily by any existing theory of light, including that of Newton. Fresnel, having
assured himself through numerous interference experiments of the validity of the wave
theory of light, could not accept Newton’s picture of light as corpuscles, but recognized
the practical usefulness of the representation proposed by Malus and adapted it to the
wave theory. This adaptation came as the proposal mentioned above, namely that light
be regarded as a transversal wave in the aether. Nevertheless, our opinion is that Fresnel
should have intended his proposal merely as a working hypothesis, to be adopted
temporarily on the grounds that, in practice, it was a good helping tool that enabled the
investigator to keep account of the phenomena that occurred in this “modified” light.
The following quote is that in which Fresnel put forward his original proposal and,
given the way in which it influenced the development of the physical science and the
theory of the aether, turns out to represent an important scientific statement. The quote
is given in French as it was originally made by its author [6], followed by a translation
into English:
“Malus a donne le nom de polarisation a cette singuliere modification de la lumiere,
d’apres une hypothese que Newton avait imaginee pour expliquer le phenomene: ce
grand geometre supposait que le molecules lumineuses ont deux sortes de poles, ou
plutot de faces, jouissant de proprietes physiques differentes; que dans la lumiere
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ordinaire le faces de meme espece des diverses molecules lumineuses sont tournees
dans toutes sortes de sens, mais que par l’action du cristal les unes se trouvent
dirigees parallelement a sa section principale et les autres perpendiculairement, et
que le genre de refraction qu’eprouvent les molecules lumineuses tient au sens dans
lequel leurs faces sont tournees relativement a la section principale. On concoit
qu’on peut, en effet, representer les faits avec cette hypothese. Sans m’arreter a la
discuter et a faire voir les difficultes, je dirais meme les contradictions auxquelles
elle conduit dans un examen approfondi, je ferai remarquer seulement qu’on peut
aussi concevoir cette difference des proprietes optiques que presentent, dans deux
sens rectangulaires, les faisceaux separes par la double refraction, en supposant dans
les ondes lumineuses des mouvement transversaux(1) qui ne seraient pas les memes
dans les deux sens. […]. (1) J’apelle mouvements transversaux des oscillations des
molecules etherees qui s’executeraient perpendiculairement a la direction des
rayons.”
The translation of the above reads as follows:
Malus gave the name of polarization to this unique modification of light, after a
hypothesis imagined by Newton for explaining the phenomenon: this great
investigator supposed that the molecules of light had two kinds of poles, or rather
faces, with different physical properties; that in the ordinary light the faces of the
same sort are turned in all directions, but that by the action of a crystal part of them
are turned parallel with its principal section, the rest in a perpendicular direction,
and that the way the light molecules are refracted depend on the relative orientation
of their faces and that of the principal section. Admit that we can represent the facts
on this hypothesis. Without stopping to discuss and make plain the difficulties and
even contradictions to which it leads on a profound examination, I would remark
only that we could in the same manner conceive the difference of optical properties
displayed in perpendicular directions by rays of light separated by double refraction
if we suppose in the waves of light the existence of transversal movements(1) which
are not identical in the two directions. […] (1) I call transversal movements the
oscillations of ethereal molecules which are executed in a perpendicular direction
to the direction of the propagation of the light ray.
It is apparent from this quote that Fresnel felt, in adapting with hesitation [7] a model
so foreign to the wave theory as that of Newton, that his hypothesis of the existence of
transversal waves in the aether would lead to some difficulties. It is sure, however, that
he did not imagine that these difficulties would be great, indeed so insurmountable that
it would lead in the end to the questioning of the notion of the aether itself. The same
dissatisfaction with this view can be found in the case of Thomas Young, who stated [8]
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that his own hypothesis of the existence of transversal waves in the aether would allow
a “tolerable illustration” of the mechanism of polarization of light by reflection, i.e. of
Malus’ discovery. We should bear in mind that the nature of the aether was not entirely
elucidated by the time Young and Fresnel advanced their hypothesis and that the
properties of the aether were expected to become apparent as more experimental and
theoretical facts accumulated from all fields of science. Until Young’s and Fresnel’s
theories of “polarized” light, the entire body of knowledge regarding the aether had
been consistent – meaning that it did not contain statements that contradicted
themselves – and construed a comprehensible picture of what aether was, light being
conceived as the wave of compression which this medium was able to sustain. Fresnel’s
hypothesis satisfied the philosophers of the time in that it was an aid in keeping account
of the peculiar phenomena displayed by light “modified” by reflection and double
refraction but, unfortunately, this hypothesis, in spite of deserving attention only as a
temporary help in giving a “rule of thumb” to keep track of the experimental
observations, being expected to be replaced – as observations accumulated – with other
descriptions which were consistent with the properties of the fluid aether, became
instead an axiom which any theory of the aether was supposed to admit as valid.
However, it became clear that Young-Fresnel hypothesis of transversal waves in the
aether brought about insurmountable difficulties in the understanding of this medium.
These difficulties became apparent when the high value for the speed of light yielded
high value of the shear modulus for a fluid aether in which moving material bodies
hardly encountered any resistance. Indeed, since the speed of a transversal wave is
given by
v= G ρ

where ρ is the density of the medium of wave propagation and G is its shear (or
rigidity) modulus, it would follow that the rigidity of the aether is many times higher
than that of steel. In other words, the direct consequence of Young’s and Fresnel’s
hypothesis of light as a transversal wave in aether was that this medium of propagation
had to be assigned properties that were encountered only in the case of hard, solid
bodies. A few unphysical models that were proposed based on this picture turned out to
be enough to start a movement within the scientific community against the use of such
an impossible medium for explaining the propagation of light. Of course, a different
approach would have been to revise Young-Fresnel hypothesis altogether, to deny the
existence of transversal waves in the fluid aether and maintain the assumptions
regarding the physical properties of the aether within acceptable boundaries so as to
keep the important concept that it was in accounting for the propagation of light.
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Unfortunately, this second approach was not adopted and it is exactly because of this
that the aether remains, in spite of the many phenomena pointing to its existence, a
taboo notion in present-day physics. In the same time, it must be noted that the theory of
light accepted today is not much different from that originated by Young and Fresnel,
who were themselves proponents of the aether. Indeed, it can be said that the theory of
light in current use is basically a Young-Fresnel theory without the aether.
We must not, however, understand that there is necessarily a relation between the
theory of light as a vibration of the aether and that developed on the base of Maxwell’s
and Hertz’ works on the propagation of electrical waves through the aether. Indeed,
there was a time when these two theories were openly competing with each other
because they obviously used different notions. We consider that accounting for the
propagation of light as an electrical wave in the aether makes sense only as long as it is
fundamented on the propagation of aether pulses through the aether. The great
American physicist Albert A. Michelson described the relation between the two theories
in a very distinct manner [9]:
“The settlement of the fact that light is a magneto-electric oscillation is in no sense
an explanation of the nature of light. It is only a transference of the problem, for the
question then arises as to the nature of the medium and of the mechanical actions
involved in such a medium which sustains and transmits these electro-magnetic
disturbances.
A suggestion which is very attractive on account of its simplicity is that the ether
itself is electricity […].”
Other investigators such as J. A. Fleming, to whose views we adhere, stated that Hertz’
waves were simply ripples in the aether generated by the powerful discharges in his
apparatus [10]:
“The electron has some grip on the aether, such that the sudden starting or stopping
of the electron makes a disturbance which we may popularly describe as a splash in
the aether. Hence, if a large number of electrons are suddenly started into motion in
the same direction, the effect on the aether is something like casting a multitude of
stones on the surface of still water, or the simultaneous action of a number of small
explosions in the air.”
Fleming’s view seems to be therefore one in which that which propagates through the
aether as waves are aether disturbances and not the electrical oscillations themselves.
The electrical disturbances of the sparking circuit have only the role of generating
disturbances in the aether, and it is not that the oscillating electric field of the circuit
detaches itself from the wires and travels through space as free waves, as it is purported
today based on the electro-magnetic theory of Maxwell and Hertz. Given the great range
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to which the waves travel compared to that much smaller at which the intensity of the
electric field that generates them becomes negligible, we believe that we are rather
forced to adopt a view like that of Fleming’s.
Returning to Young-Fresnel hypothesis of transversal waves in the aether, we can see
from various written sources of the time just how dramatically this was received in the
physics community of the epoch. For example, in a talk [11] dedicated to the activity of
Thomas Young, the great British scientist and lecturer John Tyndall described the
situation in the following way:
“We now come to a critical point in the fortune of the wave theory. I need not again
refer to the difference between the motion of a wave and the motions of the particles
which constitute a wave. A wave of sound, for instance, passing through the air of
this room would have a velocity of about 1100 feet a second, while the particles
which constitute the wave, and propagate it at any moment, may only move through
inconceivably small spaces to and fro. Now, in the case of sound, this to-and-fro
motion occurs in the direction in which the sound is propagated, and a little
reflection will make it clear that no matter how a ray of sound, if we may use the
term, is received upon a reflecting surface, it will be reflected equally all round as
long as the angle inclosed between the reflecting surface and the ray remains
unchanged. In other words, the sound-ray has no sides and no preferences as regards
reflection. Now Malus discovered that in certain conditions a beam of light shows
such preferences. When caused to impinge upon a plane glass mirror, placed in a
certain position, it may be wholly reflected; whereas when the mirror is placed in
the rectangular position it may no be reflected at all.
Up to the hour when this discovery was made by Malus light had been supposed to
be propagated through ether, exactly as sound is propagated through air. In other
words, the direction in which the particles of ether were supposed to vibrate to and
fro coincided with that of the ray of light. Those who had previously held the
undulatory theory were utterly staggered by this new revelation, and their perplexity
was shared by Young. He was for a time unable to conceive of a medium capable of
propagating the impulses of light different from the propagation of the impulses of
sound. To describe to the light-medium qualities which would enable it to differ in
its mechanical action from the sound-medium was an idea too bold – I might indeed
say too repugnant – to the scientific mind to be seriously entertained. Yet, deeply
pondering the question, Young was at length forced to the conclusion that the
vibrations concerned in the propagation of light were executed at right angles to the
direction of the ray. By this assumption of transverse vibrations, which removed all
difficulty, Young also removed the ether from the class of aeriform bodies, and
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endowed it with the properties of a semi-solid.
Fresnel’s memoir on Diffraction, upon which, as already stated, Arago had reported,
initiated a lasting friendship between the two illustrious Frenchmen. They
subsequently worked together. Fresnel, the more adventurous and powerful spirit of
the two, came independently to the same conclusion that Young had previously
enunciated. But so daring did the idea of transverse vibrations appear to Arago – so
inconsistent with every mechanical quality which he could venture to assign to the
ether – that he refused to allow his name to appear in conjunction with that of
Fresnel on the title-page of the memoir in which this heretical doctrine was
broached. Still, the heresy has held its ground, and the theory of transverse
vibrations, as applied to the luminiferous ether, is now universally entertained.”
It can be stated therefore that the aether as a necessary medium for the propagation of
light, having represented a subject of study for the most brilliant scientists that we know
of – to mention only a few : Rene Descartes (1596-1650), Christiaan Huygens
(1629-1695), Leonhard Euler (1707-1783), Thomas Young (1773-1829), Augustin
Fresnel (1788-1827), Francois Arago (1786-1853), Augustin L. Cauchy (1789 - 1857),
George G. Stokes (1819 - 1903), William Thomson (Lord Kelvin) (1824-1907), James
Clerk Maxwell (1831-1879), Dmitri Mendeleev (1834-1907), Wilhelm Rontgen
(1845-1923), John A. Fleming (1849-1945), Oliver Heaviside (1850-1925), George
Fitzgerald (1851-1901), Oliver Lodge (1851-1940), Albert A. Michelson (1852 - 1931),
Hendrik Lorentz (1853-1928), Henri Poincare (1854 - 1912), J.J. Thomson (1856-1940),
Joseph Larmor (1857-1942), Heinrich Hertz (1857-1894), P.A.M. Dirac (1902-1984) –
had to be and was eventually discarded from any theory of light – and from physics in
general – mainly due to Young’s and Fresnel’s hypothesis in which light was
represented as a transversal wave in the aether. In the same time, we may remark with
regret that, from the great number of illustrious men of science mentioned above, no one
seems to have tried to seek an alternative to Young-Fresnel picture of “polarized” light
as a transversal wave in the aether and to explain Malus’ discoveries by taking a
different approach. The fact that we do not have any record in which a proposal to this
effect was made, or one in which it was commented that such a step was necessary to be
taken, is not easy to understand given that this picture was at the heart of the problems
with building an intelligible theory of the aether.
In his History of Physics of 1950, one of the last classics of science, Max von Laue
(1879-1960), stated [12]: “Polarization was discovered by Etienne Louis Malus
(1775-1812) in 1809. He believed it provided a refutation of the undulatory theory; but,
actually, it is incompatible with the longitudinal waves of Huygens’ ‘Traite’.” From this
it is clear that even in modern times science accepts the picture of polarized light as a
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transversal wave; indeed, we can see this conjecture being taught in every standard
textbook of physics of today.
In what follows, we will contradict this view and will show that Malus’ discoveries are
compatible with Huygens’ longitudinal waves. We therefore propose to offer an
alternative solution to that advanced by Young and Fresnel, to show that the hypothesis
of the existence of transversal waves in the aether was not necessary and that the
character of sidedness which light acquires through interaction with matter by reflection,
double refraction or simple refraction can be explained as satisfactorily and in a more
thorough manner by a theory in which light is conceived as a longitudinal wave in the
aether.

Criticism of Huygens’ Theory of Reflection and Refraction of Light
It is well known that the current understanding of the reflection and refraction of light is
that due to Huygens. [1] His treatment of the refraction of light is particularly important
because it is due to this theory that the law of refraction experimentally found by
Willebrord Snell was linked with the velocity of propagation of light in two transparent
media. In what follows, we will refer to this fundamental work and will discuss some of
the inconsistencies we found in this theory.
In explaining why a light ray bends (or refracts) when passing from air to some other
transparent medium like water, Huygens considers a parallel beam of light having the
wavefront FE that hits the separating surface SU between the two mediums at the point
F (fig.1).

Fig.1
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Huygens then states that the wavefront hitting the surface SU at point F generates a
disturbance in water which propagates as spherical waves in all directions. Suppose that
by the time the wavefront hits the surface SU at the point G, the spherical wavefront
generated at point F expands up to a radius FR in water. If the speed of the wave in air
is greater than in water, we will have FR<HG (fig.2).

Fig.2
Following the propagation of the remaining wavefront in the same manner, we see that,
by the time it hits the surface SU at the point K, the spherical wavefront FR expands to
double its radius to FV, while that generated at G expands to GR (fig.3).

Fig.3
Similarly, by the time the remaining wavefront hits the surface SU at point L, the
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spherical wave originated at F expands to FT, that originated at G into GV, while that
originated at K into KR (fig.4).

Fig.4
Finally, by the time the wavefront hits the surface SU and disappears at point D, we
have the situation shown in fig.5.

Fig.5
At this point Huygens states that the common tangent of the spherical wavefronts
emitted from points F, G, K, L and D gives the direction of the refracted beam of light.
Of course, there is a multitude of points situated on the initial wavefront FE and as
many between the points FD on the surface SU which generate spherical waves and
whose common tangent is ND. Thus, in a very concise diagram, the above discussion
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can be represented as in fig.6, where it can be seen that the angle of the refraction
obtained with Huygens theory is NFW.

Fig.6
Huygens’ argument, however, oversimplifies the whole process of refraction in an
unacceptable way. For the above is a description only of what might be taking place
when only one wavefront hits the separating surface after being emitted by the light
source. If we let a longer time to pass, subsequent wavefronts F’E’ of the beam will
create secondary spherical waves which will turn Huygens’ drawing into a very
complex construction (fig.7).

Fig.7
Indeed, since light is a wave phenomenon, we must consider that the beam of light is
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composed of a considerable number of wavefronts that are separated a distance λ
equal to the wavelength of the light. If we try to see what is Huygens’ construction of
the refracted beam when many successive wavefronts are considered, we discover that
an observer who remains behind the initial front ND will not be able to discriminate
between the various spherical waves emitted from points F’ and D’ and those
intermediary between them, which waves are emitted as the successive incident
wavefronts hit the separating surface SU. Such an observer will treat all the waves
equally and will not be able to determine the direction of the refracted light in a unique
way because the common tangent of the spherical waves can be drawn in many more
ways different from the common tangent ND of fig.6 or N’D’ of fig.7.
To give some examples, in fig.8 QX and YZ are each common tangents of the
secondary spherical waves emitted from points F’ and D’ and those between them, but
have a direction that differ entirely from that of ND: one is parallel to the separating
surface and the other is actually at an angle equal to NF’W, but on the other side of the
normal AW.

Fig.8
Figure 9 below shows which spherical waves contribute to the unphysical wavefronts
QX and YZ which an observer behind the wavefront ND will be able to construct
following Huygens’ rule to find the direction of the refracted beam of light. It is
basically the fig.8 from which the other spherical waves were eliminated to ease the
understanding.
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Fig.9
If sufficient time is allowed to pass, it turns out that Huygens’ construction does not
deny even the propagation of the incident beam of light F’E’ in a rectilinear manner,
without refraction. Fig. 10 shows this situation, in which a front of the refracted light is
constructed as the common tangent of the spherical waves shown. All the other wavelets
were eliminated to ease representation. In can be seen that the front CP is actually
parallel with the incident front F’E’. The wavefront ND of the experimentally observed
refracted beam is shown for comparison.

Fig.10
We believe that the above arguments support the conclusion that Huygens’s theory,
although based on the theory of light as a compression wave in the aether, is not able to
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explain the unique direction in which light is refracted after being incident as a beam FE.
It can be easily seen that the same inconsistencies are encountered in the explanation of
the reflection of light. We can trace the difficulties of this theory in what is called
Huygens’ principle, which states that every point of space illuminated by an incident
primary wavefront can be considered a source of spherical waves such that the
wavefront at a later time is given by the common tangent of the partial waves coming
from these points. Even if we set aside the difficulty in accepting that this proposition
describes a real physical phenomenon taking place in the aether, having been criticized
in modern times [13] on the argument that “light does not emit light”, it seems that this
principle was applied by Huygens to a picture in which light was considered as a single
longitudinal pulse, or blow, imparted to the aether. [14] It is understandable then that, in
an epoch when the notion of wavelength separating successive wavefronts did not exist,
Huygens’ theory of reflection and refraction might have made sense. But this does not
mean it makes sense any more if we consider that light consists of a succession of
wavefronts separated in space by the distance of a wavelength, and it is very difficult to
understand why Huygens’ theory is still accepted as valid and his method of
construction of the refracted and reflected ray is still employed and taught in
present-day physics textbooks. Our opinion is that, given the fact that Huygens’ theory
allows the construction of refracted and reflected rays in ways which are inconsistent
with observations, compels us to search for a more accurate explanation of these basic
phenomena of optics.

Other Inconsistencies Related to the Theory of Light Accepted Today
One of the least known problems in optics is the present explanation of the phenomena
of interference of polarized light. Anyone who examines these phenomena will discover
some very striking inconsistencies in the theory that is accepted today. Let us recall the
facts discovered by Fresnel and Arago and published in their works: [15]
(F1) Two rays of light polarized at right angles do not produce any effect upon each
other under the same circumstances in which two rays of ordinary light produce
destructive interference.
(F2) Rays of light polarized in the same plane interfere like rays of ordinary light; so
that in these two kinds of light the phenomena of interference are absolutely identical.
(F3) Two rays which were originally polarized at right angles may be brought to the
same plane of polarization without thereby acquiring the ability to interfere.
(F4) Two rays of light polarized at right angles and afterwards brought into the same
plane of polarization interfere like ordinary light provided they were originally
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polarized in the same plane.
(F5) In the phenomena of interference produced by rays which have experienced double
refraction the position of the interference bands is determined not only by difference of
path and difference of speed, but in some cases, as above indicated, it is necessary to
take into account also the difference of one-half a wave-length.
Now, if polarized light would be transversal waves oscillating in certain planes, how is
the observation F3 to be explained that even if two rays are brought in the same plane of
polarization they do not interfere? And that they interfere provided that they were
originally polarized in the same plane (observation F4)? Is this not contradictory to the
theory of light accepted today which states that waves having the same plane of
polarization should always interfere?
An inconsistency of different nature is related to the photoelectric effect. It is very well
known that present-day physics cites the photoelectric effect as an example of the fact
that light is “quantized” and therefore that it can be described as composed of particles,
to which the name of photons was given and which are purported to have the energy
proportional with the frequency ν of the radiation. In our view, the inconsistency rests
in the fact that the photoelectric effect can be explained classically as an effect of
electro-magnetic induction, there being no need for advancing the hypothesis of a
particulate structure for the light. Even if, as stated above, we consider that the
electro-magnetic picture of light will acquire a physical meaning only when it will be
fundamented on the propagation of aether waves of compression, it can be easily seen
that even the accepted model of today reveals that the component of magnetic induction
B(t ) of the electro-magnetic wave generates a potential difference within the
illuminated sample of magnitude:

E (t ) ∝

∂B
∂t

If we take the incoming radiation a simple monochromatic wave, the component of
magnetic induction can be written as B(t ) = B0 ⋅ cos(2 ⋅ π ⋅ν ⋅ t ) and the potential
difference within the sample becomes proportional with the frequency of radiation:
E (t ) ∝ − B0 ⋅ 2 ⋅ π ⋅ν ⋅ sin (2 ⋅ π ⋅ν ⋅ t )
A simple analysis of the direction in which this potential is born will show that it creates
circular electric currents in planes perpendicular to the surface of the illuminated sample.
Some of the currents will have flat portions that flow along the surface of the
illuminated sample and it is conceivable that, for certain frequencies, the potential will
be so strong as to create currents which will result in the electrons leaving the circular
path altogether and fly out from the sample. The frequency of radiation at which this
emission of electrons takes place is the famous frequency of threshold ν 0 at which the
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photo-electric effect takes place. As the frequency of the radiation is increased, the
potential due to the electro-magnetic induction increases and that necessary to stop the
electrons which tend to leave the illuminated sample will be also proportional with the
frequency of the incoming radiation. Although we give here only an outline of the
principle, it is a fact that this argumentation leads to the equation found experimentally
for the photo-electric effect [16]:
E = (ν − ν 0 ) ⋅ const
where the meaning of E is that of a stopping potential for some of the electrons
escaping from the illuminated material. The above equation is of course equivalent to
the Einstein equation for the photoelectric effect. A more detailed discussion of the
mechanism of this effect will form the topic of a separate study, but it is apparent from
what has already been said that the physical existence of photons is questionable, at
least from what can be understood from the photoelectric effect.
As can be seen from what has been discussed above, the state of the theory of light at
present is not as satisfactory as it seems. In what follows, we will endeavor to construct
a more intelligible and rational theory of light.

First Aether Equation: Equation of Continuity. Deduced from the Principle of
Conservation of the Quantity of Aether
If we wish to consider the aether more than a mathematical and abstract notion, we must
take it to be a substance which entirely and completely fills all free space, where free
space is defined as the space from where all the atoms of matter have been removed as
in the Torricelian vacuum or in the interstellar space. This condition alone, that the
aether must have a physical existence, leads to the necessity of defining in relation to it
the physical quantity which we will call by the name of quantity of aether and which
expresses how much aether is contained in a certain volume of space.
The unit of measure of the quantity of aether will be deferred for a latter discussion
due to scarcity, at this stage, of details regarding the constitution of the aether – if it has
any constitution at all. This, however, is not such a drawback as it may seem because it
enables us to obtain in conditions of utmost generality certain relations between
physical quantities that can be defined in relation to the aether.
Consider now a region of space in which the aether is in complete rest. Of course, this
condition may be challenged as being impossible to ascertain by experiment since we
can at any time choose a reference frame in relation to which aether that is really in a
state of motion is at rest. Nevertheless, we will admit that we found that universal
reference frame in respect to which all aether motion can be ascertained in an absolute
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way. We obviously infer here that such a reference frame does exist and we believe that,
even if we do not have the means to ascertain which of the multitude of possible
reference frames moving at constant speeds through space is that unique universal
reference frame, such means or methods will eventually become apparent if we develop
the theory in a consistent way.
With these provisions, we can speak of the quantity of aether Q0 that, while at
absolute rest in relation to the universal reference frame, fills a certain volume V of
space. It follows then that there exists a physical quantity called density of aether that
expresses how much aether there is in a certain amount of space taken as unit:
Q
ρ0 = 0
Eqn.1
Vunit
Consider now how we have to account for the constancy of the quantity Q0 in time.
Of course, if nothing disturbs the state of rest of the aether, Q0 will remain Q0 at all
times. The aether can be, however, disturbed from its state of rest if we allow it the
possibility of motion, in which case we have to define the speed u with which it flows
in the universal reference frame. We may, as a general rule, allow that the aether be a
compressible physical medium as well, and admit that its density ρ may take values
that are different from ρ 0 both in space and in time.
We consider then a region of space in which the aether is in a state of stationary flow,
i.e. it has definite constant speeds in different points of space. In such a region we select
a small volume of aether which has the same density ρ and moves with the same
speed u . We see that we can always find such a volume if we take it small enough; for
even if the parameters ρ and u are changing from point to point in space, we can
decrease the volume of aether under consideration to dimensions small enough so that
we obtain a good approximation if we take them constant over that volume. Then the
constancy of the quantity of aether in this small volume translates in the fact that this
quantity of aether, flowing through a surface dS perpendicular to its speed u in unit
time, must be a constant:

ρ ⋅ u ⋅ dS = const.

Eqn.2

d
(ρ ⋅ u ⋅ dS ) = 0
dt

Eqn.3

or, equivalently

If we consider the surface dS invariable, eqn.3 becomes:

∂ (ρ ⋅ u )
+ u ⋅ ∇ (ρ ⋅ u ) = 0
∂t
If, in the above equation, we take the aether speed u invariable in time, the above
equation becomes
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∂ρ
+ ∇(ρ ⋅ u ) = 0
∂t

Eqn.4

which is the equation of continuity for the aether in a state of stationary flow
( ∂u ∂t = 0 ).
As it can be easily observed, the aether equation of continuity is not obtained from a
direct experimental observation, but it follows from a principle of conservation
according to which the aether, being the ultimate substance filling all space, cannot be
destroyed because it does not have where to go and cannot be created because it does
not have where to come from.
In practical situations the density of the aether ρ does not vary in time or space for
stationary flow conditions, i.e. the aether can be considered an incompressible fluid if
the aether flow speed u is constant in time. This will be demonstrated later when it
will be shown that, if a variation of the density of the aether ρ is produced as a result
of some cause, a new kind of motion is born and the assumption on which the equation
of continuity was found – namely that the flow speed have values which are constant in
time at every point of space – will not hold any more; eqn. 4 will be valid only for a
certain point of space at a certain moment of time. Therefore, in the great majority of
cases in which we study the stationary flow of the aether, we take ρ = const . In this
case eqn.4 simplifies to:
∇⋅u = 0

Second Aether Equation: Euler Equation for the Aether. Deduced from the
Universality of Free Fall of Material Bodies
There is, in the experimentally observed universality of free fall of material bodies in a
gravitational field, a certain general feature which betrays the existence, behind this
phenomenon, of a fundamental principle related to the aether.
Let us recall the marvelous observations that can be made if we let bodies of most
various physical and chemical constitutions, weights, colors, hardness, shapes, etc., fall
in glass tubes from which all air and other matter have been removed so that the falling
body moves solely through the aether remaining in the tube. These observations can be
summarized in two main statements:
S1. All material bodies, without any exception, be it a feather or a hammer, fall with
the same speed v that increases linearly with time t : v = const ⋅ t . This is equivalent
to saying that the time derivative of the speed is constant:

dv
= const.
dt

Eqn.5
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An important detail related to this is the fact that if we want to see if the weight of the
bodies varies along the trajectory of fall and we hold them against their weight with a
dynamometer, this will indicate a constant value of their weight at all points along the
trajectory of the fall, showing that the agency which is at the origin of the motion of the
bodies is constant along the trajectory of their fall.
S2. The constitutive parts of any material body Y in free fall do not press one on the
other as they would do if the respective body be held against its weight. This is called
imponderability or weightlessness.
For example, if a body Y be sectioned in two halves A and B one on the top of the other,
then, when Y is held against its weight, A would press on B with a force equal to its
weight. This force can be ascertained by fixing a spring between A and B: we will
observe that the spring is compressed under the weight of A. If this system comprised of
A-spring-B is left to fall freely in an evacuated glass tube, we observe that the spring
reverts to its uncompressed length during the fall, from which we can only conclude that
A does not press on B any more. The existence of this effect can be inferred also from
the fact that the motion of the falling bodies is purely translational, i.e. it is indifferent to
the spatial distribution of their matter. The free-falling bodies do not show any tendency
to rotate so that their heavier parts fall faster than other lighter parts, as it would be
expected from our daily experience: for example a hammer left to fall horizontally will
continue to fall horizontally and its bulky steel head will not show any tendency to fall
faster than the wooden handle. Besides observing these facts on falling objects in the
laboratory, it may be worth adding that any person can experience with their own bodies
and senses the reality of the phenomenon of weightlessness during free fall and that
space agencies routinely train their pilots by reproducing the state of weightlessness of
outer space with the help of special free-fall equipment.
The two observations (S1 and S2) are extremely important. The latter (S2) probably
most of the two, because it tells us that whatever agency is at work in the process of free
fall of the bodies, it acts on the smallest constituents of the bodies – their atoms – and it
is not influenced by how many or how big atoms there are in the vicinity of the atom on
which it acts. In the same time, the effect of imponderability reveals the important fact
that the moving atoms are acted upon not only by the agency which determines their fall,
but also by an opposite one in such a way that the total pressure exerted on them is zero.
In what follows, we will admit the results of [17] in which it was shown that the nature
of the gravitational field is in fact that of a region of space filled with aether in a static
pressure gradient. We follow then the principle according to which the magnitude of a
cause must be equal with that of the effect it causes. In our case, the cause is the
existence of an aether pressure gradient − ∇p and the observed effect is that of an
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atom moving with a velocity constantly increasing in time as dv dt . Their equality
yields:

− ∇p =

dv
dt

Eqn.6

We use next the observed effect of imponderability of the bodies in free fall through the
aether which we interpret as pointing to the existence of a dynamic pressure with which
the aether acts on any atom moving through this medium at a constantly increasing
speed dv dt . We take this pressure to be due to the atom moving through the aether
and that the effect of the atom moving through this medium is to dislocate the aether
and set it into motion. The magnitude of the resulting aether motion is equal to
d (ρ ⋅ u ) dt , i.e. with the rate of variation of the quantity of aether at the position in
space where it is dislocated by the moving atom. Their equality yields:

dv d (ρ ⋅ u ) ∂ (ρ ⋅ u )
+ u ⋅ ∇(ρ ⋅ u )
=
=
∂t
dt
dt

Eqn.7

Equations 6 and 7 can then be used to write an equation which involves only parameters
relating to the aether:

− ∇p =

∂ (ρ ⋅ u )
+ u ⋅ ∇(ρ ⋅ u )
∂t

Eqn.8

We obtain thus a new equation obeyed by the aether and deduced from the experimental
observations of the free fall of bodies. It can be observed that its universality is in fact
given by the fact that free fall experiments take place in the aether of constant properties.
Due to its similarity with the Euler equation of fluid mechanics, it will be called Euler
equation for the aether.

Equation of Aether Waves. Deduced from the First and Second Equations of the
Aether
We consider in general that the aether is an incompressible medium, but we can study
what happens if a very small variation in its density has been produced by some cause.
To this purpose, we consider that the density ρ has a very small variation ε from its
value of equilibrium ρ 0 so that
ρ = ρ 0 ⋅ (1 + ε )
Eqn.9
and that to this small variation corresponds a small variation of the static pressure p
of the aether so that:
⎛ dp ⎞
⎛ dp ⎞
⎟⎟
⎟⎟ dρ
dp = ⎜⎜
dρ = ⎜⎜
⎝ dρ ⎠ ρ = ρ0
⎝ dρ ⎠ 0
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In what follows, we will consider that the variations of the density ρ and static
pressure p of the aether are very small as a first step is assessing the behavior of the
aether to these conditions. Eqn.4 of continuity changes into
∂p
1
+ ρ ⋅ ∇u = 0
Eqn.10
(dp dρ )0 ∂t 0
and the Euler equation for the aether (eqn.8) into:

− ∇p = ρ 0 ⋅

∂u
∂t

Eqn.11

We can eliminate the variable u from equations 10 and 11 by differentiating the first
with respect of time
1
∂2 p
⎛ ∂u ⎞
+ ρ 0 ⋅ ∇⎜ ⎟ = 0
2
(dp dρ )0 ∂t
⎝ ∂t ⎠
and substituting in it the expression of ∂u ∂t from the second:
1
∂2 p
− ∇2 p = 0
2
(dp dρ )0 ∂t
What we obtain is that the small disturbance in the aether pressure p satisfies a
compression-wave equation of the form:

∂ 2 p ⎛ dp ⎞
= ⎜ ⎟ ⋅ ∇2 p
∂t 2 ⎜⎝ dρ ⎟⎠ 0

Eqn.12

in which it is easy to observe that the quantity (dp dρ )0 corresponds to the square of
the velocity of propagation of a compression wave so that:

⎛ dp ⎞
c 2 = ⎜⎜ ⎟⎟
⎝ dρ ⎠ 0

Eqn.13

Thus it can be seen from this demonstration that a very small variation of the aether
pressure from its equilibrium value is transmitted as a compression wave having the
velocity c =

(dp dρ )0 . This is a very significant fact and it shows that the aethereal

medium can sustain the propagation of longitudinal waves (waves of compression)
provided that the smallest change in its density has been produced at some location.
This change of density ρ is the key process by which a small variation of aether
pressure p is generated and which leads to the formation of a compression wave that
propagates through the aether. This observation is important because it turns out that a
small change in the aether pressure p alone does not necessarily lead to the formation
of a wave in the aether: there are situations in which changes in the aether static
pressure p are possible to occur even in incompressible aether in which
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ρ = ρ 0 = const. That this is the case it can be seen if we consider the density ρ
constant and equal to ρ 0 in both first and second equations of the aether. They become,
respectively, ∇ ⋅ u = 0 and
−

1

ρ0

⋅ ∇p =

⎛ u2 ⎞
∂u
+ ∇⎜⎜ ⎟⎟ − u × ∇ × u
∂t
⎝ 2 ⎠

Eqn.14

in which we have used the identity
⎛ u2 ⎞
u ⋅ ∇u = ∇⎜⎜ ⎟⎟ − u × ∇ × u
⎝ 2⎠

With two supplementary conditions, one of irrotational flow
Eqn.15
∇×u = 0
and that of steady flow

∂u
=0
∂t

Eqn.16

eqn.14 becomes
⎛
u2 ⎞
⎜
ρ
∇⎜ p + 0 ⋅ ⎟⎟ = 0
2 ⎠
⎝

Eqn.17

and can be integrated to give an equation obeyed by the parameters of the aether in a
stationary (i.e. not accelerated), incompressible (i.e. ρ = ρ 0 = const. ) and irrotational
(i.e. ∇ × u = 0 ) state of fluid flow:
u2
p + ρ0 ⋅
= E = const.
Eqn.18
2
It can be seen from this equation – which we call Bernoulli equation for the aether –
that a variation of the static pressure of the aether in different points of space results in –
or can be itself the cause of – a variation of the aether flow speed in the respective
points of space. The three simultaneous conditions in which such situations are realized
(irrotational, incompressible, stationary fluid flow) may seem restrictive but are in fact
commonly encountered in real phenomena. The condition of irrotational flow
( ∇ × u = 0 ) implies that there is a a function ϕ such that
u = ∇ϕ
Eqn.19
Indeed, it can be seen that u = ∇ϕ implies ∇ × u = 0 ; the function ϕ is called
velocity potential function and it can be seen that the supplementary condition of
incompressible aether flow ∇ ⋅ u = 0 yields the equation ∇ ⋅ ∇ϕ = 0 for this function.
Solving ∇ 2ϕ = 0 for different obstacles or bodies moving through the aether gives the
aether velocity field around the respective obstacle or moving body. Such a study was
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made in [18] where it was shown that developing the theory along these lines leads to a
strikingly accurate explanation of the effect of inertia observed in the case of material
bodies. In the said study the atoms of the material bodies were considered spherical, but
it was found that Newton’s second law of motion is obtained only if the chemical bonds
between the atoms are taken into consideration, in other words if the geometry moving
through the aether has the shape of connected cylinders.
It must be mentioned that the above discussion considers the aether a fluid without
viscosity in recognition of the experimental observation that a solid body moves through
the aether without friction. This eliminates the possibility that the aether sustain
transversal waves. We will see in what follows that considering light as a compression
wave in the aether offers consistent and rational explanations for all the optical
phenomena known to science.

Physical Optics
Physical optics was conceived by William Whewell to comprise “theories which
explain optical phenomena on mechanical principles.” [19] Indeed, the necessity of
explaining the natural phenomena by mechanical concepts seems to have been felt in
science since its earliest times. Huygens stated that we must “conceive the causes of
natural effects in terms of mechanical motions […] or else renounce all hopes of ever
comprehending anything in Physics”. [20]
It is then only natural that the approach we will take in explaining the optical
phenomena of reflection and refraction of light to be likewise mechanical. We have
shown that the aether is a medium which can sustain waves of compression, that these
waves can be associated with the propagation of light through spaces where only aether
is present and we know that refraction is a key phenomenon which involves
fundamental processes of interaction between matter and light. The laws of refraction
are dependant on the density of the refracting medium and, according to Brewster’s law
discovered in 1814, the “polarization” of light is maximum when the refracted and
reflected beams are perpendicular to each other. [21] These observations lead us to the
conclusion that an accurate explanation of the phenomena of reflection and refraction of
light will offer the key to understanding the nature of the “polarized” light. This
approach is, it will be noticed, slightly simpler than that taken by Fresnel, who tried to
understand the nature of the “polarized” light by studying the phenomena of double
refraction. [22]
We will start the outline of our theory by advancing our explanation to the question
why light refracts when entering from air to glass (or water or any transparent material).
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It was discussed above that Huygens’ theory does not give a unique direction for the
refracted light. In such a situation, the fact that the speed of light is higher in air than in
glass is not necessarily an explanation for the fact that light refracts and bends towards
the normal upon entering from the former into the latter, as it is believed today. There is,
it will be seen, a correlation between these two experimental findings, but it is not
immediate or as straightforward as Huygens’ theory leads us to believe.
In our view, the explanation of the fact that a beam of light changes direction (refracts)
when entering from air to glass is that the surface of glass is locally disturbed in such a
manner that its normal is that of the direction of the refracted beam. (fig.11)

Fig.11
Figure 11 shows a beam of light with wavefront FE hitting the surface SU of glass at
an angle of incidence FHA of 30o . The portion where the beam of light hits the glass
surface is HH’ and is shown distorted from its rectilinear shape of equilibrium (the
dotted line) under the action of the incident aethereal wave of compression. Our theory
purports that the reflected beam PR emerges from the glass surface at an angle of
reflection RHA of 30o with a fragmented wavefront comprised of wavefronts r1. This
explains the lower intensity of the reflected beam compared with the incident one. The
wavefronts r1 are produced by the glass surfaces indicated with green color which
oscillate in the direction RH, the direction of the reflected beam. Similarly, the refracted
beam ND propagates through the glass at an angle of refraction NHW of 19 o with a
fragmented wavefront comprised of wavefronts f1. The wavefronts f1 are produced by
the glass surfaces indicated with blue color which oscillate in the direction H’D, the
direction of the refracted beam. Figures 12 and 13 show this situation in a
tri-dimensional rendering. The first (fig.12) shows how the glass surface is distorted
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under the action of an incident beam of light (in red); this distorted region corresponds
to the portion HH’ in fig.11.

Fig.12
The second (fig.13) shows the reflected (green color) and refracted (blue color) beams
of light with their fragmented wavefronts. It can be seen that the fragments of both
beams have linear structure, which is compatible with the experimental observation that
both beams appear “linearly polarized”, i.e. have the character of sidedness which varies
at a rotation of 90o around the beam of light.

Fig.13
It can be easily understood from the above that the dynamics of the glass surface under
the incident aethereal wave of compression plays the key role in the processes of
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reflection and refraction of light. There is no doubt that the propagation through glass of
the aether wave is mediated by the atoms of glass existing at the surface SU. Since the
glass surface is comprised of atoms linked to each other by chemical bonds, it follows
that the direction of the refracted ray and, through Snell’s law, the refractive index of
the glass (and of any transparent medium in general) depends on the inertia of the
constitutive atoms and the rigidity of the chemical bonds which keep them together.
These qualitative observations open the way not only towards understanding why the
refractive index of a transparent medium depends on the density of the respective
medium, but explain also why this is not the only parameter involved: it is an
experimental fact that refractive indices of glasses can be ordered by their density only
within one family of chemical compounds, while changing their chemical composition
to higher densities does not necessarily lead to a higher refractive index.
Another significant insight offered by this theory is on the nature of the so-called
“polarized” light. Following what has been said above and from a look at the pictures
we come to the conclusion that the nature of the “polarized” light is in fact that of a
beam of light with a fragmented cross-section. We can see from fig.12 (and fig.11) that
the glass surface becomes regularly tessellated and the beam of light emerging from
such a surface will have its cross-section modified accordingly. It can be said that what
has been known up to now as light “polarized” by reflection is in fact light re-emitted
from such a tessellated surface. The process resembles very much that of extrusion
employed in the industry of materials processing in which objects of fixed
cross-sectional profile are created by thrusting out (extruding) stock material through a
die. In our case the “stock” is the incident beam of light and the “extruded objects” are
the reflected and the refracted beams. Hence one possible appropriate term for this
process of modification of light by reflection and refraction (known today as
“polarization” of light) should rather be retrusion of light since in our case the
cross-sectional profile of the beam of light is not modified by thrusting light through a
die but by being re-emitted from a tessellated surface produced by the light itself.
(hence the construction retrusion from re – back + trudere thrust – by the same token in
which the word extrusion is constructed from ex – out + trudere – thrust). An other
appropriate term for the light modified in this way might be waffled (or waferred) light,
as it conveys very accurately the way in which the cross-section of the incident beam of
light changes through interaction with the pattern of the glass surface and which may
roughly be considered to function as a waffle iron for the incident light. Of course, the
same applies to the refracted beam of light. Whatever term we may choose to employ
(we prefer the second) it should be obvious that we cannot continue using the term
“polarized light” any more since light cannot be “polarized” proper and it was shown
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from the way in which it is produced that the nature of this modified light is that of a
beam of light with a fragmented cross-section. We will see on further investigations that
the cross-section of a waffled light is actually more complicated than that shown above
in figs. 11, 12 and 13 and that the profile of its cross-section can even change in both
time and space along the beam; this latter feature would bring a complete description of
a beam of light, while the mathematical modeling of the “polarized” light is realized
today with the help of other kind of parameters. The time and space variation of the
cross-section of a beam of light is due to the fact that the tessellated pattern produced by
the incident light on the glass surface is not static but changing in time. In our theory
this variation will supplement the number of variables necessary for a complete
mathematical description of a beam of light.

Summary
The present study criticized the necessity of employing a picture of light as a transversal
wave and demonstrated that the nature of the “polarized” light is in fact that of a beam
of light with a structured cross-section. We proposed the name of waffled (or retruded)
light for what has been up to now inadequately called “polarized” light. We
demonstrated that the removal of the aether from any theory of light and from physical
science in general is unreasonable and ungrounded and we pleaded for a return to a
picture of light as a compression wave in the aether as the only way to restore
intelligibility in physical science. We have shown (and we will demonstrate in more
detail in studies now in preparation) that all optical phenomena can be described equally
well by this picture, in which the cross-section of a beam of light acquires a structured
and regular profile and it is this what gives to what is called today “polarized” light its
peculiar behavior. In the same time, the approach outlined here opens the possibility to
develop a theory of the refractive index of a transparent medium based on the
mechanical properties of the respective medium such as density and shear modulus, i.e.
to link this important optical parameter to the chemical structure of the refracting
medium; this is impossible within the current theories of physics because light is
considered an electro-magnetic wave and accounting for the dependence of the
refractive medium on its density would mean that an unified theory of
electro-magnetism and gravitation be discovered. We also foresee a great success of this
theory in accounting for the phenomenon of light dispersion displayed by transparent
media.
______________________________________________
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