Mechanism and physical significance of half-wave loss in
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[Abstract] : The fact that the reflected light has half-wave loss proves that the reflected light is not simply
reflected from the incident light by the medium interface directly, but has a deep physical mechanism and
significance. According to my long-term research, the reflected light is actually a part of the secondary light
generated after the incident light makes the atoms on the reflecting interface polarize into electric dipoles. This
physical phenomenon reveals the law of interaction between light and medium: the atoms in the medium are
converted into electric dipoles by incident photopoles and generate secondary light, and the incident light will be
gradually cancelled out and disappear by secondary light in this process. Generally, the refracted light entering
the transparent medium and the transmitted light passing through the transparent medium are part of the
secondary light produced by the medium, not incident light or its variant.
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One,A brief introduction to the phenomenon of half wave loss of reflected light
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When a wave is transmitted from a wave-sparse medium to a wave-dense medium, the vibration
direction of the reflected wave when it leaves the reflected point is opposite to that of the incident
wave when it arrives at the incident point. In other words, the phase of the reflected wave changes nt
with respect to the incident wave. This phenomenon is called half-wave loss.
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According to wave theory, a wave oscillating in the opposite direction is equivalent to a wave
traveling half a wavelength too much (or too little). When the incident light moves forward in the
optically sparse medium and meets the interface of the optically dense medium, it generates half
wave loss in the reflection process under the two cases of grazing or vertical incidence, which is only

for the vibration of the electric field intensity vector of the light. If the incident light moves forward



in the optically dense medium, no half-wave loss occurs when it encounters the interface of the
optically sparse medium. Regardless of grazing or vertical incidence, the vibration direction of
refracted light is relative to the vibration direction of incident light, and no half-wave loss occurs.
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The above is excerpted from the Encyclopedia.
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Second, the mechanism analysis of the reflected light half-wave loss phenomenon
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1. Phenomena and rules of interaction between light and transparent medium
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Figure 1: Schematic diagram of light interaction with transparent medium
As shown in Figure 1, when n0 = 1 and n1>1, the incident light will generate reflected, scattered
and refracted/transmitted light at the medium interface M1 and M2. This is unexplained by photons
of so-called single frequency that carry kinetic energy and momentum proportional to their
frequency: photons shot at the same Angle into a plane should not appear to be flying around the

plane.
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2. The actual condition of light in transparent medium and vacuum
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(GIF illustration: The left side of the long dotted line is the light guiding medium, while the space between the
right side and the short solid line is the vacuum, and the short solid line is the mirror)
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Figure 2: Motion path of light in medium and vacuum
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As shown in Figure 2, in a transparent medium with refractive index n>1, every point along the
path of refracted light will become a sub-light source and radiate secondary light in all directions.
However, in a vacuum with refractive index n = 1, the changing electric field cannot affect the
magnetic field, and the changing magnetic field cannot affect the electric field, so the so-called
electromagnetic wave excited by each other will not be generated, so that secondary light radiating
in all directions will not be generated. This causes the spherical pulses of light in the vacuum region
of the GIF not to be seen.
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3. The actual action process of the interface between light and medium
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Figure 3: Schematic diagram of the reflection process of light in a vacuum when it meets a medium
interface

As shown in Figure 3: when the incident light reaches the dielectric interface, the electric and
magnetic fields generated by it will make the electrons in the atoms on the dielectric interface
change their motion state in a completely opposite direction to the nucleus, so that the atoms are
polarized into electric dipoles with electric dipole moment with the same main frequency as the
incident light.
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According to the fact that the electron and proton carry the same amount of charge but have
opposite electrical properties and the mass difference is more than 1832 times. Without considering
the mass of neutron, under the action of the same external electric field, the acceleration, velocity
and displacement of the electron are about 1832 times that of the proton and the acceleration
direction is the opposite. If we consider a nucleus consisting of neutrons and two or more protons,
the electrons in the atom are subjected to the same external electric field as the nucleus, and the
acceleration of the electrons is much greater than that of the nucleus. Therefore, when the
frequency of the external electric field is very high, we can temporarily ignore the effect of the
acceleration, velocity and displacement of the nucleus in the electric field, and only consider the
effect of the acceleration, velocity and displacement of the electron on the time-varying dipole
moment of the atomic polarization and the resulting secondary electric dipole field.
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When the electron takes the origin as the center of the circle, it moves in the X and Y axis plane
with constant velocity and the equations of motion are: X = ROcos2 7 fOt, Y = ROsin2 7 fOt; VX=-2 =
fOROsin2 m fOt, VY=2 n fOROcos2 = fOt; aX = -4( = f0)2R0cos2 = fOt, aY¥ = -4( = f0)2R0sin2 = fOt. And
suppose that when they change their distance from the origin under the action of resonant electric
field E = Asin2 © ft along the X-axis, the centripetal force maintaining their circular motion still does
not change (in fact, there is change, but when the frequency of external electric field is high, its
influence can be temporarily ignored), then their equations of motion are respectively:
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Y =Rosin2 = fgt
After deducting the original acceleration, velocity and displacement, the pure acceleration,
velocity and displacement under the external electric field are respectively:
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Figure 4: Schematic diagram of motion state of electrons in atoms under external electric field

As can be seen from the above formulas and Figure 4, the time-varying dipole moment of the
polarization element under the action of the sine wave external electric field is exactly half a
period different from the external electric field, and the secondary electric field generated by it is,
of course, exactly half a period different from the external electric field. This is why reflected light
has a half-wave loss. It is also the fundamental reason why the speed of refracted light is lower
than the speed of incident light in the photophobic medium. Because it takes half a cycle from the
polarized element in the reflected light polarized medium to the polarized element to produce
secondary light. When the number of polarized elements per unit length increases, the time
needed to lose will naturally increase, and the speed of light inside the medium will be slower
(since atoms and molecules can be regarded as vacuum, the speed of light between atoms and
molecules is constant relative to the speed of light in vacuum).
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In short, refracted light in the medium is not a variant of incident light, but a new secondary

light produced by polarized elements in the medium.
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Three. Analysis of the cause of no half-wave loss when the light inside the photodense medium

meets the photophobic medium
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Because the light inside the medium is the secondary light generated by the medium itself, and
the generation process is: each regeneration cycle will consume half of the cycle time. Therefore, the
phase of light inside the medium does not change continuously. However, the phase of
electromagnetic field at the interface of different media is determined by the direction of
polarization of atoms at the interface. Both incident light and reflected light are generated by atoms
at the same interface. Uniqueness determines the uniqueness of their phase, and the phase must be
the same. At the junction of the optically dense medium and the optically sparse medium, there are
more atoms on one side of the optically dense medium than on the other side of the optically sparse
medium. The reflected/scattered and transmitted light generated at this junction are secondary light
produced by atoms on both sides of the interface, but mainly generated by atoms on one side of the
optically dense medium. Therefore, of course, the light reflected back into the optically dense
medium at the interface is of the same phase as the incident light.
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Figure 5: Silver and mirror images



As can be seen from Figure 5, the silver surface still retains its metallic luster, and its reflected
light intensity is much less than that of the mirror. The reflection of the mirror is almost
omnidirectional. So why does a thin layer of silver deposited on flat glass create something so
reflective? This is because the super flat glass itself is mainly produced by refracted light, and the
intensity of reflected and scattered light is very weak. When the silver atoms are closely bonded with
the flat glass, the arrangement of the silver atoms shows a high regularity, and the secondary light
produced by the silver atoms is mainly reflected light, while the intensity of the scattered light is very
weak. As a result, the mirror becomes an almost perfect reflectivity object. However, the phase of
the secondary light generated by the atoms on both sides of the contact surface of the glass and
silver atoms is in the same direction, and there is no obvious difference in phase, which will not
cancel each other. That's why specular reflection is so powerful.
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Fourth, the physical significance of the half-wave loss phenomenon of reflected light
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1. It is directly proved that reflected light is not incident light or part of incident light
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Because, if the reflected light is the light after the incident light is reflected by the medium
interface and only changes the direction of motion, then the phase should not be half a period. At
the same time, there should be no weak scattered light.
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2. It is directly proved that light will make the medium become a secondary source of light

when it encounters the medium
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This is because only the reflected and scattered light, which can be in any direction, is the
secondary light produced by the medium to explain the half-cycle phase difference between the
reflected light and the incident light.
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3, can be used to explain a variety of physical phenomena and experimental results
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3.1. The reflected/scattered light intensity varies greatly with the same material but different
surface smoothness
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This is because when the surface roughness is different, the phase of the sub-light source
composed of atoms and molecules on the surface is different, so the superposition result is different.
This leads directly to changes in the intensity of reflected and scattered light.
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3.2 With the same material but different surface smoothness, the reflected light color
difference is huge
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This is because when the surface roughness is different, the superposition of secondary light
generated by atoms and molecules on the surface will result in the enhancement of light of certain
frequency and suppression of light of other frequencies, thus resulting in the color of reflected and
scattered light different from that of incident light.
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3.3. The absorption rate of graphene is generally 2~3%. But a special process to create a
texture on the surface can become a super-absorbent material, which can absorb more than 90
percent of light
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This is because the superposition of light produced by atoms and molecules on the surface

varies depending on the shape of the surface. When the surface texture is just enough that light in



visible wavelengths is superimposed on each other and most of it cancelling out, the intensity of the
reflected light is greatly reduced, resulting in what is known as a large increase in absorbance.
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3.4, why the world has the colorful color of red leaves green fruit yellow

3.4. AfTIHAIFELHFZREENEEZEHE

This is because atoms in substances composed of different elements and groups of elements
are subjected to different electromagnetic forces from other neighboring atoms and molecules,
and the dipole moment of the electric dipole generated under the action of incident light is
naturally different, and the change law with time is also different. As a result, the main frequency
of the secondary light produced will also be different. The color of an object's surface is
determined by what is called the dominant frequency of reflected light, hence the rich variety of
colors.
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