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Abstract

This work examines whether different optical elements necessarily preserve the same physical
information carried by an electromagnetic wave. The analysis distinguishes between the
organized spatial structure of the wave and the temporal rate at which that structure is
encountered by a moving observer or optical element.

A central prediction of the present model is that purely longitudinal, or radial, relative motion
does not by itself change the physical wavelength of an already formed electromagnetic
wave. The spatial separation between successive equivalent phases remains

Adir = 2o
while the temporal interaction rate changes according to
_cxuv
int — }\—0
Thus, within the proposed kinematic description,
AN =0
can coexist with
Afie #0

Relative motion therefore changes the rate at which the existing wave structure is
encountered without necessarily changing the spatial structure itself.

The paper compares four optical systems: a prism, an ideal mirror, a Fabry—Pérot
interferometer, and a diffraction grating. A prism continuously modifies the propagation
conditions while preserving field continuity; a mirror redirects the organized electromagnetic
structure; and a Fabry—Pérot interferometer repeatedly reflects and compares the existing
spatial periodicity with a geometrical cavity length. These interactions are treated as
structure-preserving.

A diffraction grating is proposed to behave differently. Its spatial transmission function
interrupts the incident electromagnetic field and produces a strongly nonuniform field
immediately behind the grating. The central additional hypothesis is that the original ordered
spatial structure is sufficiently disrupted that a new propagating wave must be reconstructed.



The temporal periodicity of the interaction survives this process and determines the frequency
of the reconstructed wave, while its wavelength is established anew relative to the grating.

For a moving grating, the interaction frequency is therefore

ctv
fint = }\0
and the reconstructed wave satisfies
N c
B fine

relative to the grating.

The resulting distinction is experimentally important. Structure-preserving optical systems are
predicted to continue responding to the existing wavelength, whereas a structure-
reconstructing diffraction grating may establish a different wavelength when relative motion
is present.

The model does not replace Maxwell's equations or relativistic coordinate transformations.
Maxwell's equations remain the local description of the electromagnetic field, while the
additional hypothesis concerns the physical reconstruction of an ordered propagating wave
after spatial disruption at the grating.

The principal prediction is therefore that radial relative motion can change temporal
interaction frequency without changing the wavelength of the existing incident wave, while a
diffraction grating may convert that changed temporal rate into a newly reconstructed
wavelength. This distinction provides the theoretical basis for the direct differential

measurement of astronomical light developed in Part VIII.

1. Introduction

Electromagnetic  radiation is commonly
characterized by its frequency f, wavelength 2,
and propagation velocity c, related in free
space by

c=fA

In most optical measurements, frequency and
wavelength are treated as mutually equivalent
descriptions of the same electromagnetic
wave. A measured change in one is therefore
normally interpreted as a corresponding
change in the other. This interpretation is
appropriate when the wave is described in the
reference system in which its propagation
velocity is c. It does not, however, by itself

distinguish between the internal structure of
the electromagnetic wave and the rate at
which that structure passes a moving observer
or interacts with a moving optical element.

This distinction becomes important when an
observer moves relative to an electromagnetic
wave. Consider two identical waves
propagating in opposite directions. A
stationary observer measures the same
frequency f and the same wavelength A for
both waves. A second observer moving with
velocity v toward one wave and away from the
other encounters their spatial structures at
different rates. The respective crossing
velocities are



c+v
and
Cc-V.

If the wavelength represents the spatial
structure of the wave, the corresponding rates
at which successive periods pass the moving
observer are

_c+v
fr= 3
and
-V
f—_ )\ .

The two different measured temporal rates
therefore do not require the two
electromagnetic waves themselves to possess
different spatial structures. They can arise from
different rates at which the same type of
structure crosses the observer.

This observation motivates an important
distinction used throughout this work. The
frequency f characterizing an electromagnetic
wave in its original propagation system is
distinguished from the interaction frequency
fino Which describes the rate at which
successive periods of the wave encounter a
moving optical element. For longitudinal
relative motion,

ctv
fime ==

where the sign depends on whether the optical
element approaches or recedes from the
incoming wave.

The central question of this paper is what
happens to the electromagnetic wave when
such an interaction occurs. Different optical
elements do not interact with the spatial
structure of the wave in the same way.

A prism provides a continuous electromagnetic
medium. The propagation velocity inside the
material changes according to its permittivity
and permeability,
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and the wavelength changes correspondingly
while the wave propagates through the
material. The electromagnetic field, however,
remains spatially continuous. When the wave
leaves the prism and returns to free space, its
original propagation conditions are restored.

An ideal mirror represents another continuous
interaction. The incoming Maxwellian field is
redirected without being spatially fragmented
into independent transmitted portions. The
reflected wave therefore preserves the
organized spatial structure of the incident
wave, although its direction and its interaction
with a moving mirror may modify the
frequency and propagation velocity measured
in another reference system. A Fabry—Pérot
interferometer belongs to the same class
because its operation is based on repeated
reflecion of an already organized
electromagnetic wave.

A diffraction grating is physically different. Its
transparent and opaque regions spatially
interrupt the incident electromagnetic field.
Immediately behind the grating, the original
smooth wave structure is replaced by a
strongly non-uniform electromagnetic field
containing large spatial gradients and
separated transmitted regions. The original
wavelength can therefore no longer be
assumed to survive as an intact spatial
structure.

At the same time, the temporal variation of the
electromagnetic field is not necessarily
destroyed by this spatial interruption. This
leads to the central hypothesis investigated in
the present work:

A dif fraction grating can destroy
the spatial organization of a wave
while preserving its temporal periodicity.

The transmitted electromagnetic field may
subsequently reorganize into a new
propagating wave. In this process, the



preserved temporal periodicity provides the
frequency of the newly formed wave, while its
wavelength is established anew from that
frequency and the propagation velocity
relative to the grating.

The distinction can therefore be expressed
schematically as

prism or mirror: organized wave
— continuous transformation
— organized wave,

whereas for a diffraction grating,

[organized wave — spatial disruption
- field reconstruction
— new organized wave. |

This difference has direct experimental
consequences. If a prism, mirror, or Fabry—
Pérot interferometer preserves the spatial
structure of the incident wave while a
diffraction grating reconstructs the wavelength
from the temporal periodicity present at the
grating, the two classes of optical instruments
need not respond identically when the source,
observer, or optical element is in relative
motion.

The purpose of this paper is to derive these
consequences explicitly. First, frequency and
wavelength are separated from the rate at
which a moving observer or optical element
crosses the electromagnetic structure. The
interactions with a prism, a moving mirror, a
Fabry—Pérot interferometer, and a diffraction
grating are then examined separately.
Particular attention is given to the same
physical event described from the laboratory
frame and from the frame of the optical
element. Finally, the resulting predictions for
frequency and wavelength are compared for
the different classes of optical interactions. The
independent measurement of frequency,
wavelength, and propagation velocity is
developed separately in Part VIII.

The decisive question is therefore not merely
whether an optical instrument can determine a
spectral shift. It is whether different optical

principles preserve the same physical
properties of the incident electromagnetic
wave.

2. Electromagnetic Wave as a
Physical Entity

An electromagnetic wave is a physical field
structure characterized by electric and
magnetic fields that evolve in space and time
according to Maxwell's equations. In free
space, these fields satisfy

V-E=0
V-B=0
VXE = oB

At

0E
VXB = uoaoa

These equations describe the local coupling
between the electric and magnetic
components of the electromagnetic field. The
present work uses them without introducing
an observer velocity into the field equations
themselves. The motion of an observer or an
optical element is introduced separately
through its motion relative to the propagating
electromagnetic structure.

For a periodic electromagnetic wave
propagating in free space, its spatial and
temporal structure may be represented by a
field component of the form

E(x,t) = Ey cos(kx — wt)

where
(2
A
and
w = 2nf

For the wave in the propagation system
associated with its formation,

c=fA



The quantities f and A characterize two
different aspects of the same electromagnetic
structure. The wavelength A describes its
spatial periodicity, whereas the frequency f
describes its temporal periodicity. Together
with the propagation velocity c, they provide a
complete description of the periodic
propagation of the wave in this system.

A central distinction in the present work is
made between the electromagnetic wave itself
and the manner in which an observer
encounters that wave. Motion of an observer
does not by itself require the spatial
electromagnetic structure to be physically
reconstructed. Instead, the observer may cross
the existing structure at a rate different from
that associated with its original propagation.

This distinction becomes particularly clear
when wavelength is interpreted as the spatial
separation of equivalent phases of the
electromagnetic field. At a given instant, two
consecutive equivalent phases are separated
by

A

That spatial separation belongs to the wave
structure. An observer moving through the
structure may encounter these phases more
rapidly or more slowly, but this alone does not
imply that the physical distance between the
phases has changed.

Accordingly, the present work distinguishes
between two quantities that are often
represented by the same symbol in
conventional descriptions.

The first is the frequency characterizing the
electromagnetic wave itself,

f

The second is the rate at which the periodic
structure passes a particular observer or
optical element,

f-CI‘OSS

If the structure passes the observer with
crossing velocity Uposs, then

_ Ucross
fcross -

A

Only when the observer is stationary in the
propagation system for which the wave
velocity is c do the two coincide:

uCl"DSS =c

and therefore

f;’.‘l"OSS = f

For a moving observer, however,

uCI‘OSS *C

may occur within the kinematic description
developed in this work. The measured rate at
which the wave periods pass that observer can
then differ from f, although the underlying
spatial structure of the electromagnetic wave
has not been physically modified.

This provides the basis for an important
interpretation of the familiar relation

c=fA

In the present model, this relation describes
the internal relation between the temporal
periodicity, spatial periodicity, and propagation
velocity of the electromagnetic wave in the
system associated with its propagation. It is not
assumed in advance that the product of the
frequency measured by every moving observer
and the unchanged wavelength must equal c.

Instead, for an observer crossing the same
spatial wave structure,

ﬁII'OSS}\ = ucross

The distinction is fundamental for the optical
interactions considered later in this paper. A
moving observer can sample an existing
electromagnetic structure without changing it.
A moving optical element, however, can also
interact physically with the field. Whether that
interaction merely redirects or continuously
deforms the existing wave, or instead destroys
its spatial organization and produces a new



electromagnetic structure, depends on the
physical nature of the optical element.

The present work therefore treats an
electromagnetic wave as a physical entity with
an organized spatial and temporal field
structure. Continuous propagation, refraction,
reflection, and spatial disruption are then
analysed as different physical processes acting
upon this structure. This approach makes it
possible to distinguish between a change in the
observation of a wave and a physical change in
the wave itself.

To establish this distinction quantitatively, the
following section considers two identical
electromagnetic waves propagating in
opposite directions and compares their
observation by a stationary and a moving
observer. This symmetric configuration
provides the simplest way to separate the
intrinsic structure of the wave from the rate at
which that structure passes an observer.

3. Wave Structure and the
Motion of an Observer

To distinguish the physical structure of an
electromagnetic wave from the rate at which
this structure is encountered by an observer,
consider the symmetric configuration shown in
Figure 1. Two identical electromagnetic waves
propagate in opposite directions. A stationary
observer is positioned between them, while a
second observer moves with velocity v.

Both waves are assumed to originate under
identical conditions. Their physical structure is
therefore characterized by the same frequency
and wavelength,

h=f=f

and

while their propagation velocities have equal
magnitude c and opposite directions.

For the stationary observer, the situation is
completely symmetric. The observer remains
fixed while the two electromagnetic structures
propagate past it with equal speed. The
measured frequency and wavelength are
therefore identical for both waves,

fo=fo=f
and
A, =A. =
with
c=fA

v Stationary observer

EM wave
A —»C

ce— fA

A Moving observer
+—V

Figure 1. Two identical electromagnetic waves
observed by a stationary and a moving
observer.

The distinction made in this work should not be
interpreted as an omission of relativistic
coordinate descriptions. Special relativity
provides a consistent mathematical procedure
for assigning space and time coordinates,
frequency, and wavelength to electromagnetic
phenomena as described from different
inertial reference frames.

The present work addresses a different
guestion. It distinguishes between the physical
electromagnetic process itself and the
coordinate description assigned to that process
by an observer. Different observers may assign
different coordinates and different measured
temporal and spatial quantities to the same
physical event. These descriptions are not
treated here as separate electromagnetic
entities.



The objective of the present analysis is
therefore not to replace the relativistic
transformation of observations. Relativistic
coordinate transformations are left to the
established formalism of special relativity. The
purpose here is instead to identify which
properties of the electromagnetic field are
physically preserved, modified, or
reconstructed during interaction with an
optical element.

Accordingly, throughout this paper a
distinction is maintained between

the electromagnetic entity and its physical
interaction with matter

and

the observer-dependent description of that
interaction.

This distinction becomes particularly important
in Figure 1. The two oppositely propagating
electromagnetic waves are physically identical
apart from their direction of propagation. A
moving observer encounters them at different
rates. The resulting observer-dependent
descriptions do not imply that the original
electromagnetic structures must themselves
be physically different.

The subsequent analysis therefore
concentrates primarily on the physical
interaction between the electromagnetic field
and the optical element. Coordinate
transformations between observers are used
only when they are necessary to relate
measurements made in different reference
systems

The waves on Figure 1 have identical intrinsic
frequency f and wavelength A and propagate in
opposite directions with velocity c. The
stationary observer encounters both waves
symmetrically.  The moving  observer
approaches one wave and moves in the same
direction as the other. The figure separates the
physical structure of the waves from the rate at
which this structure passes a moving observer.

The importance of Figure 1 is that both waves
remain physically equivalent. Their
wavelength, field structure, and original
temporal periodicity are identical. Only the
motion of the second observer relative to the
two propagating structures is different.

Assume that the moving observer travels to the
left with velocity v. The wave propagating to
the right approaches the observer, whereas the
wave propagating to the left moves in the same
direction as the observer.

For the right-moving wave, the rate at which
the spatial structure crosses the observer is
determined by the relative crossing velocity

ucross,+ =c+v
For the left-moving wave,
Ucrpss,— = €C—V

The wavelength itself has not been physically
modified by the motion of the observer. The
spatial separation between equivalent phases
of each electromagnetic structure therefore
remains

)Lobs,+ = }\obs,— =A

However, the number of successive periods
crossing the moving observer per unit time is
different in the two directions.

For the approaching wave,

_C+v
f+ = 3

and for the receding wave,

c—v

f-= A

Using
c
I=3
these expressions become

v
fr=F(1+7)

and



f=f(1-2)

The moving observer therefore records two
different temporal passage rates even though
the two electromagnetic waves have identical
physical structures.

This distinction is central to the present model.
The quantities f, and f_ do not represent two
physically  reconstructed electromagnetic
waves. They describe the rates at which the
moving observer crosses two otherwise
identical wave structures.

The relation measured by the moving observer
is therefore

fobsA = Ucross

rather than necessarily

fobsh = ¢
For the approaching wave,
fidl=c+v

and for the wave travelling in the same
direction as the observer,

fA=c—v

The essential point is that the electromagnetic
entity and the observer-dependent rate of
passage must not be treated as the same
physical quantity. The wave itself preserves its
spatial organization, whereas the observer may
encounter this organization at different rates
depending on relative motion.

This leads to a useful distinction between wave
frequency and crossing frequency. The wave
frequency f belongs to the organized
electromagnetic structure in the propagation
system in which the wave was formed. The
crossing frequency describes how rapidly that
structure passes a particular observer,

_ Ucross
Jeross = A

For a stationary observer in the original
propagation system,

uCI‘OSS =c

and therefore

f;?I'OSS = f

For a moving observer, however,

f;?I'OSS * f

without requiring any physical reconstruction
of the electromagnetic wave itself.

The symmetric arrangement in Figure 1 is
especially useful because the same moving
observer simultaneously encounters one wave
with crossing velocity c+v and the other with
crossing velocity c-v. The difference in the
measured temporal rates therefore arises from
the observer's motion relative to the waves,
not from an intrinsic difference between the
two electromagnetic entities.

This result provides the kinematic basis for the
optical interactions analysed in the following
sections. An optical element moving relative to
an electromagnetic wave encounters the same
spatial structure according to the same
principle. The crucial additional question is
whether the optical element merely interacts
with and preserves the existing structure, as in
continuous propagation or reflection, or
whether it spatially disrupts the structure and
participates in the formation of a new
electromagnetic wave.

3.1 Radial Motion and Preservation of
Wavelength

The distinction developed above has a direct
consequence for longitudinal, or radial, relative
motion.

Within the present model, the wavelength of
an already formed electromagnetic wave
represents the physical spatial separation
between successive equivalent phases of its
organized field structure. Relative motion
along the direction of propagation changes the
rate at which this structure is encountered, but
does not by itself reconstruct or compress the
existing spatial structure.



For an incident wave with wavelength
Ao

the model therefore predicts for purely
longitudinal relative motion

}\dir = 7\0
and consequently
A}\" = 0

as long as the wave has not undergone a
physical interaction that modifies or
reconstructs its spatial organization.

The temporal rate at which the same spatial
structure reaches an observer or optical
element is different. If the relative radial
velocity is v,., the crossing velocity is

uCI‘OSS =cC i vT
and the corresponding interaction frequency is

ctv,
fine =——
0
where the sign depends on whether the
observer or optical element approaches or
recedes from the incoming wave.

Thus, within the present kinematic model,
Afint #0
can occur while

The distinction is physical. Radial motion
changes how rapidly successive periods of the
existing wave structure are encountered; it
does not, by itself, provide a mechanism for
changing the spatial separation between those
periods.

The same principle is applied when the relative
radial motion is described as motion of the
source rather than motion of the observer.
Once the electromagnetic wave has been
formed and is propagating freely, the later
increase or decrease of the source—observer
distance does not, within the present model,
continuously stretch or compress the already

propagating spatial field structure. The radial
motion appears in the temporal interaction
rate at the observer.

This prediction differs from the conventional
interpretation in which a Doppler shift is
represented by corresponding transformed
values of frequency and wavelength while the
locally measured vacuum propagation velocity
remains ¢. The present model instead
separates three quantities:

}\dir

—the spatial periodicity carried by the existing
wave,

fint

—the temporal rate at which that structure is
encountered,

and

ucross

—the corresponding crossing velocity.

For purely longitudinal relative motion, the
proposed distinction can therefore be
summarized as

ctv,
)\dir = )\0' fint =

Ao

The wavelength can change only if a physical
interaction  modifies the  propagation
conditions or reconstructs the spatial
organization of the wave. A prism can change
the wavelength continuously while the wave
propagates in a different medium. A diffraction
grating is proposed later in this work to destroy
the original spatial organization and establish a
new wavelength. Pure radial motion alone
does neither.

This distinction is experimentally important. A
structure-preserving wavelength
measurement, such as the Fabry—Pérot
measurement discussed later, should continue
to respond to the existing spatial periodicity

Adir = Ao



whereas an  optical interaction that
reconstructs the wave may establish a different
wavelength from the temporal interaction
frequency.

The comparison between these two outcomes
provides the basis for the differential
astronomical experiment developed in Part
VIIL.

4. Interaction Velocity at a
Moving Optical Element

The previous section considered the rate at
which an electromagnetic wave structure
passes a moving observer. The same kinematic
principle applies when the moving object is not
merely an observer, but an optical element
that physically  interacts  with  the
electromagnetic field.

An important distinction must therefore be
made between the propagation velocity of the
electromagnetic wave as an entity and the
velocity with which that wave encounters a
moving optical element.

Consider an electromagnetic wave propagating
in the laboratory frame with velocity

C
and characterized by
c=fA

Let an optical element move along the
direction of propagation with velocity v.

If the optical element moves toward the
incoming wave, the rate at which the
electromagnetic structure reaches the element
is

U =C+ v

If the optical element moves away from the
incoming wave, the interaction velocity

becomes

Uppt =C—V
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These expressions do not redefine the
propagation velocity of the electromagnetic
wave itself. The wave remains characterized by
its original propagation velocity c¢ in the
laboratory frame. The quantities c+v and c-v
describe the relative rate at which the existing
electromagnetic structure encounters the
moving optical element.

The corresponding interaction frequency is
determined by the number of spatial periods
arriving at the optical element per unit time,
Uint
ﬁnt - }L
For an optical element moving toward the
incoming wave,

f _c+v
int,+ — )\

Using

this becomes

v
fint,+ =f (1 + E)

For an optical element moving away from the
incoming wave,

_c—v
fint- ==
or
v
fim = £ (1-2)
The interaction frequency must not be

confused with the frequency assigned to the
electromagnetic wave by a stationary
laboratory observer.

In the laboratory frame, the incident wave
remains characterized by

flab = f
whereas the moving optical element
encounters successive periods at the rate

fint # f



whenever
v#0

The distinction can therefore be summarized as

c
fiab = X
while
ct+v
i = ——

The first quantity describes the temporal
periodicity of the electromagnetic wave in the
laboratory description. The second describes
the temporal rate of physical interaction
between that same spatial wave structure and
the moving optical element.

This distinction becomes especially important
because an optical element does more than
observe the electromagnetic field. It may
modify the field, redirect it, continuously
deform it, or spatially interrupt it. The
subsequent evolution of the electromagnetic
wave can therefore depend on the interaction
frequency even though the incident wave itself
has not changed before reaching the optical
element.

The general sequence may be written as

ctv
FAe) DU =cEv = fin =——
At this stage, however, no change of the
electromagnetic wave itself has yet been
assumed. The quantities u;,; and f;,; describe
only the conditions at which the incident wave
reaches the optical element.

What happens next depends on the physical
nature of the optical interaction.

If the optical element preserves the organized
electromagnetic structure, the incident wave
can remain the same physical entity while
being continuously deformed or redirected.
This is the case considered later for a prism and
an ideal mirror.
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If the optical element spatially destroys the
organized structure, the interaction frequency
may become a boundary condition for the
formation of a new electromagnetic wave. This
is the mechanism proposed later for a
diffraction grating.

The distinction can therefore be expressed
schematically as

incident wave — f;,,;, — optical interaction
followed either by

preservation of the existing wave structure

or by
destruction and reconstruction
of the wave structure
The interaction velocity and interaction

frequency therefore provide the common
kinematic starting point for all optical elements
considered in this work. The physical difference
between a prism, a mirror, a Fabry—Pérot
interferometer, and a diffraction grating arises
only after the electromagnetic wave reaches
the optical element.

5. Continuous Propagation
Through a Prism

A prism interacts with an electromagnetic
wave in a fundamentally different way from a
diffraction grating. The wave is not spatially
divided into separated transmitted regions.
Instead, the electromagnetic field enters a
continuous material medium in which the local
propagation conditions are modified by the
material properties.

For a homogeneous isotropic medium, the
propagation velocity is determined by the
permittivity and permeability,

For free space,



1
1/ €oHo

When the electromagnetic wave enters the
prism, the change in € and p changes the
propagation velocity from c to u.

C =

The temporal periodicity of the field remains
continuous across the boundary. For a
stationary prism,

finside = fin
Because the propagation velocity inside the

prism is reduced, the wavelength inside the
material becomes

N _u
inside = ]7
and therefore
u
Ainside = A~
Since typically
u<c

the wavelength inside the prism is smaller than
the wavelength in free space,

}\inside <A

The important point is that this change does
not require destruction and reconstruction of
the electromagnetic wave. The electric and
magnetic  fields remain  continuously
connected while adapting to the changed
propagation conditions.

The transition can therefore be represented as
(C: f: }\) - (u, f' )\inside)
while the wave propagates inside the prism.

At the exit surface, the electromagnetic field
returns from the material medium to free
space. The local propagation velocity therefore
returns to

c

while the temporal periodicity remains

foue = f
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The free-space wavelength is consequently
restored,

c
}\out ==z

and therefore
)‘out = )\in
The complete process may thus be written as

(C' fr )\) - (u' fr )\inside) - (C' fr }\)

The prism therefore changes the geometry of
the electromagnetic wave only while the wave
propagates inside the material. After the wave
returns to free space, the original relation
between propagation velocity, frequency, and
wavelength is recovered.

This continuous transformation is important
for the physical interpretation adopted in the
present work. The prism does not act as a new
source of electromagnetic radiation. The field
entering the prism and the field leaving it are
treated as the same electromagnetic entity
evolving continuously through different
propagation conditions.

For this reason, the wavelength existing before
the prism is not destroyed. It is temporarily
modified by the material propagation velocity
and restored when the wave returns to free
space.

The situation becomes more interesting when
the prism itself moves relative to the incoming
wave.

Let the prism move toward the incoming wave
with velocity v. The wave then reaches the
entrance surface with interaction velocity

U =C+ v

and interaction frequency

c+v
fintzT

or
fine = F(1+7)



This interaction frequency characterizes the
rate at which successive periods of the incident
wave arrive at the moving prism surface. It
does not imply that the laboratory frequency
of the incident wave has changed.

In the laboratory system,

flab =f

still describes the original wave.

The moving prism therefore experiences a
different temporal rate at its entrance
boundary, but the incident electromagnetic
structure itself has not been spatially
destroyed before entering the prism.

According to the model developed here, the
subsequent propagation through the prism
remains a continuous electromagnetic process.
The material parameters modify the local
propagation conditions, but the wave does not
pass through a stage in which its spatial
structure is fragmented into independent field
regions.

This distinction is central. At a prism boundary,
the electromagnetic field undergoes a
continuous adjustment governed by the
material parameters,

gl

whereas at a diffraction grating the incident
field is spatially interrupted by alternating
transparent and opaque regions.

The prism can therefore be represented
schematically as

organized wave
— continuous material deformation
— organized wave

rather than

organized wave — spatial destruction
— new wave

The absence of spatial fragmentation is the
reason why the prism is classified in this work
as a structure-preserving optical element.

The same principle will next be examined for
reflection from a moving mirror. Unlike the
prism, the mirror reverses the propagation
direction of the wave, but it likewise preserves
an organized electromagnetic field rather than
producing the spatially fragmented
reconstruction region characteristic of a
diffraction grating.

6. Reflection from a Moving
Mirror

An ideal mirror represents a second class of
optical interaction in which the organized
electromagnetic structure is preserved. Unlike
a prism, the mirror does not transmit the wave
through a material volume. Instead, it reverses
the propagation direction while maintaining
the coherence and spatial organization of the
incident field.

For a stationary mirror, the incident wave may
be characterized by

c=fA

and the reflected wave preserves the same
wavelength and frequency,

Aout = Ain =A
fouu=fin =1

while the propagation direction is reversed.

The present work extends this picture to a
moving mirror.

Consider a mirror moving toward the incident
wave with velocity v. In the laboratory frame,
the incident electromagnetic wave propagates
with velocity c, whereas the mirror approaches
it. The interaction velocity at the mirror is
therefore

U, =c+v

The prime denotes quantities described
relative to the moving mirror.



the incident
is assumed to

The wavelength of
electromagnetic structure
remain

Aip =1

because the motion of the mirror does not
physically reconstruct the incident wave before
the interaction occurs.

The rate at which successive periods of the
incident wave reach the mirror is therefore

c+v

fin =

or

, %
fa=r(1+)

This quantity is the interaction frequency at the
mirror. It is not the frequency measured by the
stationary laboratory observer, for whom the
incident wave remains characterized by

fiab = f

The central assumption of the present model is
that an ideal mirror preserves the organized
electromagnetic structure of the wave during
reflection. The interaction does not pass
through a spatially fragmented reconstruction
region. Instead, the incident structure is
redirected.

Accordingly, relative to the mirror, the reflected
wave preserves the magnitude of the incident
propagation velocity,

Uy =U,=Cc+v
the wavelength,
out = Ap =A
and therefore the temporal periodicity,
fout = fin
or
, v
fou=1(1+2)

The mirror therefore changes primarily the
propagation direction while preserving the

14

incident electromagnetic structure relative to
the mirror.

The process can be written schematically as
(c+v,find) = (€ + v, four V)
with
fout = fin

and opposite propagation directions before
and after reflection.

The same reflected wave can then be described
in the laboratory frame.

Because the mirror moves toward the source
with velocity v, and the reflected wave
propagates away from the mirror in the same
direction as the mirror motion, the reflected
wave has the laboratory propagation velocity

Ugyt = €+ 2V

Within the present model, the spatial structure
of the reflected wave remains unchanged by
the reflection process,

Aout =A

while the rate at which this reflected structure
passes a stationary laboratory observer is

c+ 2v
out=T

Using

this becomes

fon= 1 (142)

Thus, for a mirror approaching the source,
Uyt = €+ 2V

Aout =A

2v
fa=f(1+5)
c
The opposite case follows directly by replacing

[ 2l %



For a mirror moving away from the source, the
interaction velocity becomes

[ —
up,=c—v

the interaction frequency becomes
, v
fin - f (1 - E)

and the reflected wave has the laboratory
propagation velocity

Ugyt = C — 2V
while the wavelength remains
Aour = 4

and the laboratory frequency becomes

fon=1(1-2)

The two cases can therefore be summarized as

Ugyt = C X 2V

fon= (1)

c
Aout = 4

where the upper sign corresponds to a mirror
moving toward the source and the lower sign
to a mirror moving away from it.

This result illustrates the meaning of structure
preservation in the present model. The mirror
does not preserve the laboratory description of
the incident wave. Instead, it preserves the
electromagnetic entity as it arrives at the
mirror. The incident propagation conditions
relative to the mirror become the propagation
conditions of the reflected wave relative to the
mirror, with only the direction reversed.

The mirror therefore differs fundamentally
from a diffraction grating. A mirror redirects an
organized Maxwellian structure,

organized wave — reflection
—> organized wave

whereas a diffraction grating is proposed to
produce
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organized wave — spatial disruption
—> reconstruction
— new organized wave

This distinction is also the basis for the
treatment of the Fabry—Pérot interferometer in
the following section. Since a Fabry—Pérot
system is based on repeated reflection
between partially reflecting surfaces, its
operation can be analysed as repeated
structure-preserving interactions rather than
as repeated destruction and reconstruction of
the electromagnetic wave.

7. Fabry—Pérot Interferometer

A Fabry—Pérot interferometer consists of two
partially reflecting parallel surfaces that
repeatedly reflect an electromagnetic wave
before a fraction of the field leaves the cavity.
Within the framework developed in this work,
the essential point is that each reflection is
treated as a structure-preserving interaction.

The electromagnetic wave entering the
interferometer is therefore not spatially
fragmented in the same manner as at a
diffraction grating. Instead, the organized field
structure is repeatedly redirected between the
two reflecting surfaces.

For a stationary Fabry—Pérot interferometer, let
the incident wave be characterized by

c=fA

The distance between the reflecting surfaces is
denoted by

L

For normal incidence, successive transmitted
components differ by an additional round-trip
path length

As = 2L
and the corresponding phase difference is

2T
Ad = TAS



Therefore,

4mL
A=

Constructive transmission occurs when the
round-trip path corresponds to an integer
number of wavelengths,

2L =mA
where m is an integer.

For oblique propagation inside the cavity, the
corresponding geometrical condition is

2LcosB=m

where 0 is the propagation angle inside the
cavity.

The important feature of these relations is that
the Fabry—Pérot interferometer responds
directly to the spatial periodicity of the
electromagnetic field. The resonance condition
is determined by the number of wavelengths
that fit into the optical path between the
reflecting surfaces.

Within the present model, this gives the Fabry—
Pérot interferometer a fundamentally different
role from a diffraction grating.

At each reflecting surface, the wave remains an
organized electromagnetic structure. The
reflection  process can therefore be
represented as

organized wave — reflection
— organized wave

and the repeated propagation inside the cavity
as

reflection — propagation — reflection
—> propagation

No stage of spatial fragmentation and

reconstruction is required.

The Fabry—Pérot interferometer can therefore
compare the existing wavelength of the
electromagnetic structure directly with a
geometrical length scale defined by the cavity.
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This leads to an important interpretation used
later in this work:

)‘FPI = Awave

where A, denotes the spatial periodicity of
the electromagnetic structure entering and
propagating inside the interferometer.

The Fabry—Pérot interferometer does not need
to reconstruct this wavelength from a
separately measured frequency. Instead, the
spatial field structure itself determines
whether the resonance condition is satisfied.

This distinction becomes particularly important
when the interferometer moves relative to the
incoming electromagnetic wave.

Suppose the complete Fabry—Pérot
interferometer moves toward the incoming
wave with velocity v. Before the wave enters
the cavity, the interaction velocity at the first
reflecting surface is

Ut =C+V
and the interaction frequency is

c+v
fine = ——

or

v
fie = £ (1+7)

As in the moving-mirror case, this interaction
frequency describes the rate at which
successive periods arrive at the moving optical
surface. It does not imply that the spatial
structure of the incident wave has already
changed.

The first partially reflecting surface interacts
with the incoming wave according to the same
structure-preserving principle developed for a
moving mirror. The transmitted component
entering the cavity therefore retains an
organized electromagnetic structure rather
than being reconstructed from a spatially
fragmented field.



The same principle applies to the subsequent
reflections between the two surfaces. Since
both mirrors belong to the same rigid Fabry—
Pérot system, the wave is repeatedly reflected
within one moving optical structure.

The resonance process can therefore be
understood as repeated comparison between
the spatial periodicity of the wave and the
geometrical separation of the mirrors.

The central quantity remains
2L
A

for normal incidence, or

2L cos©
A

for oblique incidence.

Resonance occurs when this ratio is an integer,

2L
}\—m

or, more generally,

2L cosH
—_—=m
A
The physical significance is that the Fabry-

Pérot interferometer responds to the spatial
organization of the wave itself.

This allows the Fabry—Pérot interferometer to
play a particularly important role in the
experimental part of the present work. If a

moving observer measures a changed
temporal crossing frequency while the
electromagnetic wave retains its original

spatial periodicity, a Fabry—Pérot
interferometer should continue to respond to
that spatial periodicity.

The distinction can be expressed as

ﬁ:I‘OSS * f

while

Appp =
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provided that the interaction with the
interferometer preserves the electromagnetic

structure rather than reconstructing it.

The Fabry—Pérot interferometer therefore
belongs to the same general class as the ideal
mirror and the prism: optical systems that
preserve the continuity of the electromagnetic
structure.

The physical mechanisms are nevertheless
different:

prism: continuous deformation
mirror: continuous redirection

Fabry--Pérot interferometer: repeated
continuous redirection and interference.

In all three cases, the wave remains an
organized electromagnetic structure
throughout the interaction.

The diffraction grating considered in the
following section is proposed to behave
differently. Instead of repeatedly redirecting an
intact wave, it spatially truncates the
electromagnetic  field into  separated
transmitted regions. The distinction between

direct preservation of wavelength and
reconstruction of wavelength therefore
becomes experimentally accessible by

comparing Fabry—Pérot and diffraction-grating
measurements of the same radiation.

8. Spatial Disruption at a
Diffraction Grating

A diffraction grating interacts with an
electromagnetic wave in a fundamentally
different way from a prism, mirror, or Fabry—
Pérot interferometer. In the latter systems, the

electromagnetic field remains spatially
organized throughout the interaction. A
diffraction grating, by contrast, contains

alternating transmitting and blocking regions
that directly interrupt the spatial distribution
of the incident field.



Consider an incident electromagnetic field

Ein(x' 3z t)

arriving at a diffraction grating. The effect of
the grating can be represented by a spatial
transmission function

A(xy)

so that immediately behind the grating the
transmitted field is

Etr(x' Y, t) = A(x' Y)Ein(x: Y, t)

For an idealized grating, the transmission
function alternates between transmitting and
blocking regions. In the simplest
representation,

Alx,y)=1
in the open regions and

A(x,y)=0
in the opaque regions.

The electromagnetic field immediately behind
the grating is therefore no longer a spatially
continuous copy of the incident wave. Parts of
the incident structure are transmitted, while
other parts are removed.

The spatial gradient of the transmitted field is
VEtr == AVEin + EinVA

The first term represents the spatial variation
already present in the incident
electromagnetic wave. The second term s
produced directly by the grating.

At the edges of the transmitting regions,
VA#0

and may become very large over a short
distance. The grating therefore introduces
spatial field gradients that did not exist in the
original freely propagating wave.

An equivalent relation applies to the magnetic
field,

Btr(x' Y, t) = A(X, y)Bin(x: Y, t)
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with
VB, = AVB;, + B;,VA

The electric and magnetic fields behind the
grating must continue to evolve according to
Maxwell's equations. However, their spatial
distribution immediately after transmission is
no longer the smooth spatial organization of
the incident wave.

This is the principal physical distinction
between a diffraction grating and the optical
elements considered in the previous sections.

For a prism,

continuous field
— continuous deformation
— continuous field

For a mirror,

continuous field — redirection
— continuous field

For a Fabry--Pérot interferometer,

continuous field — repeated reflection
— continuous field

A diffraction grating instead produces

organized field — spatial fragmentation
— nonuniform transmitted field

Immediately behind the grating, it is therefore
not necessary to assign a single wavelength to
the complete transmitted field. The original
spatial periodicity has been interrupted by the
transmission function of the grating.

The field still possesses electromagnetic
energy and temporal variation, but its previous
ordered spatial structure has been strongly
disturbed.

This region will be referred to in the present
work as the electromagnetic reconstruction
region.

The term does not imply hydrodynamic
turbulence. It describes a region in which the
electric and magnetic fields remain governed
by Maxwell's equations but no longer possess



the simple ordered spatial structure of the
incident propagating wave.

The essential point is that spatial disruption
does not automatically destroy temporal
periodicity.

For a stationary grating, the transmission
function is independent of time,

04 _
ot

If the incident field contains a temporal
dependence of the form

Ein(x' YV t) = Eo(x, }’) COS((.Ot - d)(x; 3"))
then immediately behind the grating,
Etr(x’ Y t) = A(X, J’)Eo(x' J’) COS((Dt - d)(x! }’))

The grating strongly modifies the spatial
amplitude distribution but does not introduce
a new temporal frequency into this expression.

Therefore,

W =
and

fie = fin
for a stationary grating.

This provides an important physical asymmetry
between frequency and wavelength during the
interaction.

The temporal periodicity can survive the spatial
interruption,
fatter = foefore

while the original ordered wavelength need
not survive as a complete spatial structure
immediately behind the grating.

Schematically,
(f,A) — (f,spatially disrupted field)

The proposed mechanism therefore does not
require frequency and wavelength to behave
identically during the interaction.
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This distinction becomes especially important
for a moving grating.

If the grating moves toward the incoming wave
with velocity v, the incident electromagnetic
structure reaches the grating with interaction
velocity

U =C+ 7V

The rate at which successive periods arrive at
the grating is then

c+v
fint: }k

or

v
fe=F(1+7)

The incident wave in the laboratory frame still
has the frequency

fiab = f

but the moving grating is physically driven by
the electromagnetic field at the interaction
rate

fint

The distinction is therefore between the
frequency of the incident wave in the
laboratory and the temporal frequency of the
electromagnetic interaction at the grating.

For a grating moving away from the incident
wave,

Ut =C—V

and

v
fue=F(1-7)

The spatial interruption produced by the
grating occurs under these local interaction
conditions.

This leads to the central hypothesis developed
in the following section. Once the original
ordered spatial structure has been disrupted,
the electromagnetic field behind the grating
must reorganize before a new freely
propagating ordered wave can emerge.



The temporal periodicity available during this
reconstruction is determined by the
electromagnetic interaction at the grating,
whereas the new spatial periodicity must be
established during the subsequent formation
of the propagating wave.

The diffraction grating is therefore treated not
merely as an element that redirects an existing
wavelength, but as an optical element capable
of destroying the previous ordered spatial
structure and creating the conditions from
which a new wavelength is formed.

The transition considered in this work can be
summarized as

ordered incident wave
— spatial interruption
— electromagnetic reconstruction region

The next section examines how an ordered
electromagnetic wave can emerge from this
reconstruction region and how its new
frequency, wavelength, and propagation
velocity are determined.

9. Re-Formation of the Wave
Behind the Grating

The following reconstruction rule is an
additional physical hypothesis of the present
model; it is not derived here from Maxwell's
equations alone.

The previous section described the
electromagnetic field immediately behind a
diffraction grating as a spatially disrupted field
rather than as a complete continuation of the
incident wave. The electric and magnetic fields
remain governed by Maxwell's equations, but
the ordered spatial structure characterized by
the incident wavelength is no longer preserved
as a single continuous configuration.

The next question is how a new freely
propagating electromagnetic wave can emerge
from this disrupted field.
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Within the present model, the re-formation
process is governed by two different types of
information that survive the interaction in
different ways:

temporal periodicity
and
spatial field distribution

The spatial field distribution is strongly altered
by the grating. The temporal periodicity,
however, remains available locally because the
transmitted electric and magnetic fields
continue to vary in time.

For a stationary grating, the transmitted field
preserves the temporal frequency of the
incident wave,

for = fin

while its ordered spatial wavelength is
temporarily lost as a complete wave property

immediately behind the grating.

The reconstruction process is therefore
assumed to begin from a field that retains a
definite temporal periodicity but does not yet
possess the final spatial periodicity of a new
freely propagating wave.

This  distinction can be

schematically as

represented

(f,A) — (f,disrupted spatial field)
- (f’ )\new)

The central hypothesis is that the temporal
periodicity surviving at the grating determines
the frequency of the newly formed wave.

For a stationary grating,

foew = f

For a moving grating, the relevant temporal
rate is the interaction frequency derived in the
previous section,

ctv
fime =—5—

The new wave is therefore formed with



fnew = fint

relative to the grating.

This is the key difference between the
diffraction grating and the structure-preserving
optical elements considered earlier. A prism,
mirror, or Fabry—Pérot interferometer acts on
an already organized wave. A diffraction grating
is proposed to destroy the previous spatial
organization and therefore to require the
formation of a new one.

Once the new wave has formed, it propagates
away from the grating as a regular
electromagnetic wave.

Relative to the grating, the newly formed wave
propagates with velocity

! —
unew =c

where the prime denotes the reference system
of the grating.

Its wavelength must therefore satisfy

c= fnew)\new

and hence
_c
Anew = [
Using
Jnew = fint
gives
_c
Anew = [

For a grating moving toward the incoming
wave,

v
fe=f(147)
and therefore

A
1+v/c

}\new =

For a grating moving away from the incoming
wave,
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v
fue=f(1-7)
and therefore

A
1-v/c

)\new =

The moving grating therefore changes the
spatial periodicity of the newly formed wave
because the frequency available during
reconstruction depends on the interaction
velocity.

The complete reconstruction process for a
grating moving toward the incoming wave may
be written as

(C' f; )L) - (C + v, fint’ )\) - (C, fnew' }\new)

with

Jfoew = fint
and
= c
new = m

The first transition describes the interaction of
the original wave with the moving grating. The
second describes the formation of a new wave
relative to the grating.

The original wavelength is therefore not
transformed continuously into the new
wavelength. Instead, the model proposes that
the original spatial organization is interrupted
and that the new wavelength is established
from the temporal periodicity available during
reconstruction.

This distinction is central:

}\before * )\new

may occur even though the temporal

interaction remains continuous.
For a stationary grating,

v=0
and therefore

fine =f



which gives

Thus, a stationary diffraction grating
reconstructs a wave with the same wavelength
as the incident wave. The distinction between
preservation and reconstruction is therefore
not visible in the stationary case.

Only when relative motion exists does the
difference become measurable.

For a moving grating,

fine # f
and consequently

Apew F A

The diffraction grating therefore provides a
mechanism by which relative motion can
modify the spatial periodicity of the outgoing
wave without requiring the original incident
wave itself to change before reaching the
grating.

This point is especially important for the
experimental interpretation developed later in
the paper. A stationary laboratory observer can
continue to assign the original frequency f to
the incident electromagnetic wave while the
moving grating experiences an interaction
frequency fi,. The newly formed wave can
then possess a wavelength determined by this
interaction frequency.

The grating thus acts as a boundary between
two electromagnetic entities:

incident wave — grating — new wave

The incident wave is characterized by its
original spatial structure,

f,0)

whereas the new wave is characterized,
relative to the grating, by

(fint: Anew)

with

c= fint}\new

The significance of this mechanism becomes
clearer when the same physical event is
described from two different reference
systems. In the following section, the
interaction is therefore examined both from
the laboratory system and from the system of
the grating. This comparison will distinguish
the frequency of the electromagnetic wave,
the frequency of interaction at the grating, and
the wavelength reconstructed behind the
grating.

10. The Same Event in Two
Reference Systems

The interaction between an electromagnetic
wave and a moving diffraction grating can be
described from two reference systems without
introducing two different physical events. The
electromagnetic interaction is unique; only the
system from which the event is described
changes.

Consider a source and a laboratory observer at
rest in the laboratory system. A diffraction
grating, together with an observer located at
the grating, moves toward the incoming light
with velocity v.

The same event can therefore be described
from:

e the laboratory system, in which the source
and laboratory observer are stationary and
the grating moves;

e the observatory system, in which the
grating and the observer attached to it are
stationary and the source moves.

The distinction between these descriptions is
essential because the frequency of the light,
the frequency of interaction with the grating,
and the wavelength reconstructed at the
grating represent different physical quantities.

10.1 Description in the Laboratory System



Before reaching the grating, the incident
electromagnetic wave is characterized in the
laboratory system by

UinJlab = €
fintab = f
and
Aintab =
with
c=fA

The grating moves toward the incident wave
with  velocity v.  Consequently, the
electromagnetic structure reaches the grating
with the interaction velocity

Upnt =C+ v

The rate at which successive spatial periods
reach the grating is therefore

_c+v
7

or

fi=r(1+2)

The quantity f; is not the frequency assigned
to the incident light by the stationary
laboratory observer. The laboratory observer
continues to describe the incident wave by the
frequency

fiab = f

The quantity f; instead describes the temporal
rate of interaction between the incoming
electromagnetic structure and the moving
grating.

At the grating, the ordered spatial structure is
disrupted. According to the mechanism
proposed in the previous section, the temporal
periodicity of the interaction survives this
disruption and determines the formation of
the new electromagnetic wave.

The newly formed wave therefore acquires a
new wavelength

M

whose value is determined most directly in the
system of the grating.

After leaving the grating, the new wave
propagates to the right while the grating
continues to move to the left. Since the new
wave propagates with velocity c relative to the
grating, its propagation velocity in the
laboratory system is

Uoutlab — € — UV

The laboratory description of the complete
event is therefore

(C,f,x) — (C +v,f1,)\) - (C - v'f')\l)

The middle expression does not describe a
freely propagating wave. It describes the
conditions of interaction at the moving grating.

The laboratory observer therefore
distinguishes between the wave frequency

f
and the interaction frequency

fi

even though both refer to the same physical
event.

c : c—v
[ 52 -
n:-:t

laboratory

| fuh fih
net
observatory
Figure 2. The same grating interaction

described from the laboratory and
observatory reference systems.



In the laboratory system, the incident wave
propagates with velocity ¢, frequency f, and
wavelength A, while the grating moves toward
the wave with velocity v. The interaction occurs
at the rate f;. After reconstruction, the wave
has the new wavelength A; and propagates
with velocity c-v relative to the laboratory. In
the observatory system the grating is
stationary. The incident electromagnetic
structure reaches it with velocity c+v and
interaction frequency f;. The newly formed
wave leaves the stationary grating with velocity
¢, frequency f;, and wavelength A;.

10.2 Description in the Observatory System

We now describe exactly the same physical
event from the observatory attached to the
grating.

The grating is stationary in this system. The
incident electromagnetic structure approaches
it with velocity

Uinobs = € TV

Its spatial structure remains characterized by
the original wavelength

}\in,obs =1

The frequency with which successive periods
arrive at the stationary grating is therefore

fin,obs =f
where

c+v
7

Thus the incident field at the grating is
described by

(C + v'fl'}\)

The grating then disrupts the original spatial
organization of the field. The temporal
periodicity f; survives the interaction and
becomes the temporal periodicity of the newly
formed electromagnetic wave.

Therefore,

f new,obs — f 1
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The grating is the source of the reconstructed
wave. Relative to the stationary grating, this
wave propagates with velocity

unew,obs =cC

Its new wavelength is consequently

O
f
Using
fi=r(1+-)
gives
N
1+v/c

The complete observatory description is
therefore

(C + v,f1,)k) g (lell}\l)

The physical role of the diffraction grating is
particularly clear in this description. Before the
grating, the field carries the original spatial
structure A. After the grating, the temporal
periodicity f; is retained, but a new spatial
structure A; has been established.

Thus,
A— N
while at the grating
fi—h
10.3 One Event, Two Descriptions

The laboratory and observatory descriptions
do not represent two different interactions.
They describe the same physical sequence
from two different states of motion.

In the laboratory system,
(C;f:)\) - (C - v'f')tl)
whereas in the observatory system,

(C + vrflr)\) — (C'fll}\l)

The quantities f and f; therefore have different
meanings.



grating

EM wave EM wave

M : H H Az

Figure 3 Reconstruction of the
electromagnetic wave at a diffraction
grating. In the grating system, the incident
wave reaches the grating with interaction
frequency f;. After spatial disruption, the
reconstructed wave propagates with velocity ¢
relative to the grating and acquires the
wavelength A, = c/f;.

The quantity
f

is the frequency assigned to the light in the
laboratory description.

The quantity

f

is the temporal rate at which the
electromagnetic structure interacts with the
grating and, in the observatory system, the
frequency of the reconstructed wave.

Their relation is

v
fi=r(1+-)
The wavelength before the interaction is

A

whereas after reconstruction it becomes

and therefore

N =———r—
1 1+v/c

This comparison illustrates why the relation
between frequency, wavelength, and
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propagation velocity must be interpreted with
care.

For the newly formed wave in the system of the
grating,

c=fir

This equation characterizes the internal
temporal and spatial structure established
when the new wave is formed.

The same wave is described in the laboratory
as propagating with velocity

c-v

while retaining the reconstructed spatial

structure A;.

It therefore does not follow that the product of
the frequency assigned by every observer and
the wavelength of the electromagnetic entity
must equal the observer-relative propagation
velocity.

Within the present framework,

A

characterizes the relation between temporal
and spatial structure in the propagation system
in  which the electromagnetic entity s
established, whereas observer-relative
propagation and interaction velocities must be
determined separately from relative motion.

10.4 Physical Significance

The two-reference-system description
separates three quantities that must not be
confused:

f

the frequency of the incident light in the
laboratory system,

fi
the interaction frequency at the moving
grating,
and



the new wavelength established during

reconstruction.
The sequence is therefore not
f—h

as a physical change of the incident wave
before it reaches the grating.

Instead, the sequence is

f,) — fi

at the interaction — (f, A1)\

for the reconstructed wave in the grating system

This distinction will be essential for the
experimental interpretation developed later in
the paper. Frequency and wavelength
measurements need not provide identical
information when the optical element itself
participates in the formation of a new
electromagnetic wave.

The next section examines how the
reconstructed wavelength A; determines the
propagation directions produced by a
diffraction grating.

11. Diffraction Direction and
Reconstructed Wavelength

The previous section established the
reconstructed wavelength A; of the new
electromagnetic wave formed behind the
diffraction grating. The next step is to
determine the directions in which these
reconstructed waves can propagate.

For a periodic grating with spacing d, the
transmitted field immediately behind the
grating is distributed over many apertures. The
fields emerging from neighbouring openings
combine in space, and preferred propagation
directions occur when their phase relation is
repeated from one grating period to the next.

For normal incidence, the geometrical path
difference between radiation associated with
two neighbouring grating periods is
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As=dsin6f

where 0 is the angle of the outgoing wave
relative to the grating normal.

A stable diffraction direction occurs when this
path difference corresponds to an integer
number of reconstructed wavelengths,

dsin 0, = mA,
where m is the diffraction order,
m=0,+1,+2,..

The important point in the present model is
that the wavelength entering the diffraction
condition is not assumed to be the original
wavelength A. It is the wavelength of the newly
formed electromagnetic wave,

c

fi
For a grating moving toward the incoming
wave,

M

_C+l7
7

and therefore

A

Ny =
171+ v/c
The diffraction condition becomes

A

dsin®, = m———
St Em m1+v/c

For a grating moving away from the incoming

wave,
_c—v
fi=—
and
2 = A
1_l—v/c
so that
dsinf,, = A
sin m_ml—v/c

Thus, within the proposed model, motion of
the grating changes the diffraction angle



because the wavelength reconstructed at the
grating depends on the interaction frequency.

For small velocities,
v
-1
c

the reconstructed wavelength for an
approaching grating may be approximated by

M (1-)

and for a receding grating by

A~ (1 +§)

The corresponding first-order change in
diffraction angle follows from
in6 miy
sin =—
m d

For a fixed diffraction order, a decrease in A;
shifts the diffraction maximum toward smaller
|6,.1, while an increase in A; shifts it toward
larger |0, ].

direct
the

This  provides a
consequence of
mechanism.

geometrical
reconstruction

The physical sequence for a grating moving
toward the incident wave is

(C'f'}\) - (C + v:flf)\) - (C'flJ)\l) - em

where the middle state

(C + v:fli)\)

describes the interaction at the grating, while

(C, fl! }\1)

describes the newly formed wave in the grating
system.

The diffraction angle is therefore determined
only after the new wavelength has been
established.

This differs conceptually from treating the
grating as an element that merely redirects an
unchanged incoming wavelength. In the
present model, the sequence is instead
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incident spatial structure
— spatial disruption
— new wavelength
— diffraction direction

The grating period d determines the allowed
directions, but the wavelength entering this
geometrical condition is determined by the
electromagnetic reconstruction process.

11.1 Diffraction Direction in the Grating
System

The simplest description is obtained in the
reference system of the grating.

The newly formed wave propagates with speed
c
and wavelength
A
at angle 6y, where
d sin 0y, = m}\;
Its velocity components are therefore
Uy, = c cos 0y,
and

c sin 0y,

<
<
I

where the x-axis is taken normal to the grating
and the y-axis parallel to its surface.

This direction represents the geometry
established during the reconstruction of the
outgoing electromagnetic wave.

11.2 Description of the Same Diffracted Wave
in the Laboratory

If the grating itself moves relative to the
laboratory, the same outgoing wave can also be
described from the laboratory system.

Let the grating velocity be represented by the
vector

Vg



Within the kinematic model used in this work,
the laboratory velocity of the reconstructed
wave is obtained from

—

Uy = uw o+ g
Where
[u'] = c
relative to the grating.

If the grating moves only along the direction
normal to its surface, its laboratory velocity
components become

Uy jab = € €OS B, + g

and
Uy 1ab = € Sin By,
The laboratory propagation direction is
therefore determined by
Uy lab
tan em_lab = Y
Uy, lab
or
¢ sin By,
tan Gm‘lab =

ccos B, + vy,

The direction defined by the grating equation
and the direction measured in the laboratory
therefore need not be numerically identical
when the grating is moving.

This distinction is important. The grating
equation determines the direction of the
reconstructed wave relative to the grating,
whereas the laboratory observes the
propagation of that same electromagnetic
entity from a different state of motion.

11.3 Role of Frequency and Wavelength

The sequence developed above separates the
roles of frequency and wavelength.

The interaction frequency is established by the
rate at which the incident structure reaches the
grating,

_civ
fi==3
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The reconstructed wavelength is then
established from
A c
1= 7
fi

relative to the grating.
Finally, the diffraction direction follows from
dsin 0, = mA,

The causal sequence proposed in this work is
therefore

Upne — f1 ™ A — Oy

This is one of the central predictions of the
model. A diffraction grating does not merely
reveal a wavelength already present in the
incident wave. When relative motion exists,
the grating participates in establishing the
wavelength that subsequently determines the
diffraction pattern.

For a stationary grating,
v=0
and therefore

i=f
A=

so that the conventional geometrical relation is
recovered,

dsin@,, =m

The distinction between preservation and
reconstruction is therefore invisible when the
source and grating are mutually stationary. It
becomes experimentally relevant only when
relative motion exists.

This property makes diffraction gratings
particularly suitable for comparison with
optical elements that preserve the existing
spatial structure, such as prisms and Fabry—
Pérot interferometers. The following section
compares these different classes of optical
interaction directly.



12. Direct Comparison of
Optical Elements

The preceding sections considered four optical
systems separately: a prism, a mirror, a Fabry—
Pérot interferometer, and a diffraction grating.
Their comparison reveals that the essential
difference is not whether the electromagnetic
wave changes during the interaction, but how
that change occurs.

The present model distinguishes between two
general classes of optical interaction.

The first class preserves the organized spatial
structure of the electromagnetic wave
throughout the interaction. A prism
continuously deforms the wave, while a mirror
redirects it. A Fabry—Pérot interferometer
repeatedly redirects the same organized
structure.

The second class spatially disrupts the incident
field. A diffraction grating interrupts the wave
through alternating transmitting and blocking
regions. The original ordered spatial structure
is therefore not preserved continuously, and a
new propagating structure must be established
behind the grating.

The distinction can be summarized as

structure-preserving interaction
# structure-reconstructing interaction

12.1 Prism

In a prism, the material parameters modify the
propagation velocity,

1
VEH

while the temporal periodicity remains
continuous.
For a stationary prism,

finside = f
and

u
Ainside = ]_c
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When the wave leaves the prism and returns to
free space,

u-c
and
Aout = A

The prism therefore changes the wavelength
temporarily but does not destroy the spatial
organization from which the wavelength arises.

The physical sequence is

organized wave — continuous deformation
— same organized wave

12.2 Mirror

An ideal mirror preserves the organized spatial
structure while reversing its direction.

For a moving mirror, the interaction velocity
differs from the original propagation velocity.
For a mirror approaching the incident wave,

U =C+ v
The wave is reflected without passing through

a spatial reconstruction process.

Relative to the mirror, the incident and

reflected structures satisfy

! a7
out — )\in

The physical sequence is therefore

organized wave — reflection
— same organized structure

The laboratory propagation velocity and
crossing frequency may change, but the
wavelength is preserved through the reflection
mechanism itself.

12.3 Fabry—Pérot Interferometer

The Fabry—Pérot interferometer extends the
same principle to repeated reflections.

Its resonance condition is determined directly
by the spatial periodicity of the
electromagnetic wave,

2LcosO=m



The interferometer therefore compares a
geometrical path length with an already
existing wavelength.

No reconstruction of the wavelength from a
temporal frequency is required.

The process can be represented as

organized wave — repeated reflection
— interference of the preserved structure

The Fabry—Pérot interferometer therefore acts
as a direct probe of the spatial periodicity
carried by the wave.

12.4 Diffraction Grating

A diffraction grating behaves differently
because the incident field is spatially truncated
by the grating transmission function.

Immediately behind the grating,

Etr(xJ Y, t) = A(X, y)Ein(xJ Y, t)

The original continuous spatial structure is
therefore replaced by a nonuniform
transmitted field.

The process is

organized wave — spatial disruption
— reconstruction
— new organized wave

During this process, the temporal periodicity of
the interaction is retained.

For a moving grating,

_civ
fi==3

The reconstructed wave is then formed relative
to the grating with

c=fiM

and therefore
M=
fi

Unlike the prism, mirror, and Fabry—Pérot
interferometer, the grating therefore does not
merely preserve or temporarily deform the
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existing wavelength. It establishes a new
wavelength after the original spatial structure
has been disrupted.

12.5 Preservation and Reconstruction of
Wavelength

The fundamental distinction between the
optical elements can now be expressed directly
in terms of wavelength.

For the structure-preserving elements,

}\after = }\before

after the wave has returned to the same
propagation medium, apart from temporary
deformation inside a prism.

For the diffraction grating under relative
motion,

Aafter = Mg
with
M #F
when
v\neq0

The difference does not originate from a
different value of c assigned arbitrarily to
different optical elements. It originates from
whether the spatial organization of the
incident electromagnetic structure survives the
interaction.

This leads to the central classification:
prism — continuous deformation
mirror — continuous redirection

Fabry--Pérot interferometer
— repeated structure-preserving reflection

diffraction grating
— spatial disruption and reconstruction

12.6 Frequency Is Not the Same Quantity in
Every Stage

The comparison also shows why the symbol f
must be used carefully.



For the original wave in the laboratory,

flab :f

For the interaction with a moving optical
element,

ctv

fint =
These quantities need not be equal.

For a structure-preserving interaction, the
interaction frequency describes how rapidly
the existing wave structure reaches the optical
element. It does not automatically become the
defining frequency of a newly formed
electromagnetic entity.

For a diffraction grating, however, the
proposed reconstruction process assigns a
special role to the interaction frequency:

fnew = fint
relative to the grating.

The difference between optical elements
therefore appears not in the existence of fi,;—
every moving optical element has an
interaction frequency—but in what happens to
the electromagnetic structure after that
interaction.

12.7 Summary of the Four Optical Elements

The comparison may be condensed into the
following physical sequence.

For the prism:
(f,A) — temporary deformation — (f, 1)

For the mirror:

f,0

— redirection of the preserved structure

For the Fabry--Pérot interferometer:

£

— multiple reflections of the preserved structure
For the diffraction grating:

(f,A) — fin — spatial reconstruction
— (finv A1)
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relative to the grating.

The key experimentally accessible distinction is
therefore

preserved wavelength versus
reconstructed wavelength

This distinction provides the bridge between
the theoretical model and measurable optical
guantities. The following section therefore
considers explicitly what values of frequency
and wavelength should be obtained by
different measurement methods when the
source, observer, and optical system are in
relative motion.

13. Predictions for Frequency
and Wavelength Measurements

The previous sections distinguish between the
frequency of an electromagnetic wave, the
interaction frequency at a moving optical
element, and the wavelength established by
the optical interaction. These quantities lead to
different experimental predictions depending
on the type of optical instrument used.

The central purpose of the present section is
therefore to separate two experimentally
accessible quantities:

and
A

and to determine what different optical
systems are expected to measure when
relative motion exists between the source,
observer, and optical element.

13.1 Frequency Measurement by a Stationary
Laboratory Observer

Consider first an electromagnetic wave
produced by a source at rest in the laboratory
system.

The emitted wave is characterized by



c=fA

A laboratory observer at rest relative to the
source measures

flab = f
and
Mab = A

If an optical element moves relative to this
wave, the frequency assigned to the incident
light by the stationary laboratory observer
does not change merely because the optical
element moves.

Thus,

fincident,lab = f

The moving optical element, however,
interacts with the wave at a different temporal
rate.

For motion toward the incoming wave,

1%
fie = F(147)

and for motion away from the wave,

v
fint = f (1 - E)
The distinction is therefore
flab * fint
when
v#0

The quantity f;,; describes the optical
interaction. It should not automatically be
interpreted as the frequency measured by
every observer.

13.2 Prediction for a Structure-Preserving
Optical Element

For a prism, mirror, or Fabry—Pérot
interferometer, the model assumes that the
organized electromagnetic  structure s
preserved.
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The wavelength carried by the wave therefore
remains associated with the existing spatial
structure.

After a prism returns the wave to the same
propagation medium,

Aout =A
For an ideal mirror,

}\reﬂected =\

and for a Fabry--Pérot interferometer the
resonance condition responds to the same
spatial periodicity,

Appr = A

Thus, for structure-preserving optical systems,
the predicted wavelength measurement is

)\measured =\

provided that the wave is measured after it has
returned to the same external propagation
medium.

The interaction frequency may differ from f,
but the spatial structure itself is not
reconstructed.

13.3 Prediction for a Diffraction Grating

A moving diffraction grating is predicted to
behave differently.

For a grating moving toward the incident wave,

fi=f(1+s)

The incident wavelength before reaching the
grating remains

A

but the spatial field structure is disrupted by
the grating.

The temporal interaction rate f; is preserved
through the reconstruction process, and the
newly formed wave satisfies, relative to the
grating,

c=fih



Therefore,

and hence

}\1:1+v/c

For a grating moving away from the incident
wave,

A

Al:l—v/c

The essential prediction is therefore

}\grating * )\FPI
when relative motion is present.
For an approaching grating,

A
)\grating = TU/C

while  the
measures

structure-preserving  system

Appr = A
13.4 First-Order Prediction

For velocities much smaller than the speed of
light,

v
-K1
c

the reconstructed wavelength for an
approaching grating can be approximated by

M zx(1—§)

For a receding grating,
v
Ao~ (1+ E)

The predicted fractional wavelength difference
is therefore approximately

_—
=

AN v
A c

in magnitude.
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This is experimentally important because the
predicted effect is first order in

v

c

rather than second order.

13.5 Frequency and Wavelength Need Not
Give the Same Information

The proposed model therefore predicts that
frequency and wavelength measurements can
provide physically different information.

A stationary laboratory frequency
measurement of the original incident wave
gives

fiab = f

while a diffraction grating moving relative to
the wave responds to

fint = f1

and reconstructs
2 = c
YR

The two measurement paths are therefore
frequency measurement — f
and
grating wavelength measurement — A;
The model does not require
fAi=c
in the laboratory system.
Instead, the relation
fir=c¢

belongs to the reconstructed wave in the
grating system.

This distinction is one of the central predictions
of the present work.



13.6 Comparison Between Fabry-Pérot and
Diffraction-Grating Measurements

The most direct optical comparison is therefore
between a Fabry—Pérot interferometer and a
diffraction grating observing the same
radiation.

According to the present model, the Fabry—
Pérot interferometer responds to the existing
spatial periodicity,

App = 4

whereas the diffraction grating establishes a
reconstructed wavelength,

Apg =M

For an approaching relative motion,

N A
P67+ v/c
Thus,
}\Fp] - 1+ U/C

and for small v/c,

Ao —Appr ¥

Appi c
For receding relative motion,

ApG — Appr v
- @ ~ + —
Appp c
The predicted sign therefore reverses when the
direction of relative motion reverses.

14. Discussion

The analysis developed in this paper leads to a
physical distinction between electromagnetic
wave propagation and the observer-dependent
description of that propagation.

The central concept is that an electromagnetic
wave is treated as an organized physical field
structure. Its wavelength describes the spatial
periodicity of that structure, while its
frequency describes the temporal periodicity
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associated with its propagation in the systemin
which the wave is established.

A moving observer may encounter the same
spatial structure at a different rate. This
modifies the temporal passage rate measured
by that observer without requiring the
electromagnetic  structure itself to be
physically reconstructed.

For an observer moving relative to the wave,

uCI‘OSS

f;?I'OSS = }\

where U...s IS the velocity with which the
wave structure crosses the observer.

This distinction separates
electromagnetic entity from
dependent description.

the physical
its observer-

The purpose of the present work is not to
replace relativistic coordinate transformations.
Special relativity provides a mathematical
framework for relating observations made in
different inertial reference systems. The
present analysis addresses a different
guestion: what physically happens to the
electromagnetic field when it interacts with
different types of optical elements?

This question becomes important because
optical elements do not interact with the
spatial organization of the field in the same
way.

A prism changes the propagation conditions
through the material parameters

€
and
1
which determine the local propagation
velocity,
1
- Ve

The wave is continuously deformed while
propagating through the material but remains
an organized electromagnetic structure. When



it returns to the original propagation medium,

the original relation between frequency,
wavelength, and propagation velocity is
restored.

A mirror behaves differently from a prism but
still preserves the organized structure. The
incident field is redirected rather than spatially
destroyed. For a moving mirror, the interaction
velocity becomes

U =CxV

and the reflected wave preserves the incident
electromagnetic structure relative to the
mirror.

This leads, within the kinematic model used
here, to a reflected propagation velocity in the
laboratory frame

Ugyt = C X 2V

while the wavelength remains preserved
through the reflection process,

Aout =A

The Fabry--Pérot interferometer belongs to the
same general class. Its operation is based on
repeated reflections of an already organized
wave. The resonance condition depends
directly on the spatial periodicity,

2LcosO=m

and therefore provides a physical comparison
between the existing wavelength and the
geometrical dimensions of the interferometer.

The diffraction grating introduces a
fundamentally different interaction.

The transmitted field immediately behind the
grating is
Etr(x' Y, t) = A(X, y)Ein(x: Y, t)

where the
introduces strong spatial discontinuities.

transmission function

Alxy)

The resulting electromagnetic field remains
governed by Maxwell's equations, but the
original ordered spatial structure is no longer
preserved as a complete propagating wave.
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At the same time, temporal periodicity survives
the interaction.

For a moving grating, the relevant interaction
frequency is

ctv
fine = ——

The central hypothesis of the present model is
that this temporal periodicity survives the
spatial disruption and becomes the frequency
from which a new propagating structure is
formed.

The new wavelength is then established
relative to the grating through

c
fint
Thus, the diffraction grating differs from the
prism, mirror, and Fabry--Pérot interferometer
not simply because it changes the direction of
propagation, but because it is proposed to
destroy the existing ordered spatial structure
and require reconstruction of a new one.

)\new =

This distinction can be summarized as

structure preservation
versus structure reconstruction

The consequence is experimentally important.
For structure-preserving systems,
)\out = 7\in

after propagation returns to the same external
medium.

For a moving diffraction grating,
Aout = Anew
with
Apew A
when relative motion is present.

This produces a direct difference between
optical systems that are conventionally treated
as equivalent wavelength-measuring devices.



The present model therefore separates three
guantities that are frequently combined into a
single description:

f

the frequency assigned to the propagating
electromagnetic wave in its original system,

fint

the interaction frequency at a moving optical
element,

and

}\HEW

the wavelength reconstructed when the
original spatial structure is destroyed.

This separation is especially important for
interpreting Doppler-type measurements. A
change in the temporal rate at which a wave
crosses an observer or an optical element does
not necessarily imply that the physical
wavelength  carried by the original
electromagnetic structure has changed.

Conversely, if an optical element destroys the
spatial structure and reconstructs a new wave,
the outgoing wavelength can differ from the
incident wavelength even though the incoming
wave itself was unchanged before reaching the
element.

The same physical event may be described
from different reference systems. These
descriptions can assign different temporal
rates and different coordinate velocities to the
same underlying electromagnetic process. The
present work therefore treats observer-
dependent descriptions as descriptions of the
event, not as separate physical
electromagnetic entities.

This distinction is methodological rather than
semantic. It allows the analysis to remain
focused on the local physical interaction
between the electromagnetic field and matter.

The predictions developed in this paper
depend on one central physical assumption: a
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diffraction grating destroys the ordered spatial
structure of the incident wave strongly enough
that the wavelength of the outgoing
propagating wave must be reconstructed.

This assumption is not derived completely from
Maxwell's equations in the present work.
Maxwell's equations describe the evolution of
the transmitted field, including the strong
spatial gradients created by the grating, but a
complete quantitative theory of the transition
from the disrupted near field to a newly
organized localized electromagnetic structure
remains to be developed.

The reconstruction region therefore represents
the principal open theoretical problem of the
present model.

The important point, however, is that this
unresolved microscopic mechanism does not
prevent the model from making a clear
macroscopic prediction.

For relative motion,

fint # f

and therefore
Apew A

for a diffraction grating, whereas structure-
preserving optical systems continue to respond
to the existing wavelength.

The difference is first order in

14

c

for small relative velocities.

This makes the proposed distinction

experimentally accessible.

The present paper intentionally stops at the
theoretical comparison of optical interactions.
A complete experimental program requires
independent  treatment of frequency,
wavelength, and  propagation velocity
measurements. These questions are developed
separately in Part VIII, where the objective is to
determine how the three quantities can be



measured without assuming in advance that
one must always be inferred from the other
two.

The principal result of the present work is
therefore not a new optical formula but a new
physical distinction:

an optical element may preserve an
electromagnetic structure or reconstruct it

If this distinction is experimentally confirmed,
prism, mirror, Fabry--Pérot, and diffraction-
grating measurements cannot automatically be
regarded as equivalent descriptions of the
same wavelength information. If no such
difference is observed, the reconstruction
hypothesis proposed here must be revised or
rejected.

15. Conclusions

The present work has examined the
interaction of electromagnetic waves with
four different optical systems: a prism, a
mirror, a Fabry—Pérot interferometer, and a
diffraction grating.

The analysis is based on a distinction between
the electromagnetic wave as a physical field
structure and the observer-dependent rate at
which that structure is encountered.

For an organized electromagnetic wave,
c=fA

characterizes the relation between its

temporal periodicity, spatial periodicity, and

propagation velocity in the system in which
the wave is established.

A moving observer or moving optical element
may encounter the same spatial structure at a
different rate. The corresponding crossing or
interaction frequency is

with
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Uy =Ctv
for longitudinal relative motion.

This interaction frequency must be
distinguished from the frequency assigned to
the original propagating wave by a stationary
observer.

The analysis further shows that different
optical elements need not act on the
electromagnetic structure in the same way.

A prism continuously modifies the
propagation conditions through the material
parameters

and

i

without spatially destroying the organized
electromagnetic field. The wavelength
changes while the wave propagates inside the
material, but the original free-space structure
is restored after the wave leaves the prism.

An ideal mirror likewise preserves the
organized electromagnetic structure. The
wave is redirected rather than spatially
fragmented. For a moving mirror, the
interaction occurs with velocity

ctv

relative to the mirror, while the reflected wave
preserves the incident spatial structure
through the reflection process.

A Fabry—Pérot interferometer extends this
structure-preserving mechanism through
repeated reflections. Its resonance condition
depends directly on the wavelength already
carried by the electromagnetic wave,

2LcosO=m

and therefore provides a direct comparison
between the spatial periodicity of the wave
and a geometrical length scale.

A diffraction grating is proposed to behave
differently.



Its transmission function spatially interrupts
the incident electromagnetic field,

Etr(x' Y, t) = A(X, y)Ein(xJ Y, t)

and produces a strongly nonuniform field
behind the grating. The original ordered
spatial structure is therefore not assumed to
survive as a complete propagating wave.

The temporal periodicity of the interaction,
however, remains available.

For a moving grating,

ct+v
fi = ——

The central hypothesis of this work is that this
temporal periodicity is preserved through the
reconstruction process and determines the
frequency of the newly formed wave.

Relative to the grating,

Jnew = fint
and
€ = foewAnew
so that
= c
new — E

For a grating moving toward the incident
wave,

A
1+v/c

}\new -

and for a grating moving away,

A
1-v/c

}\new =

The central physical distinction developed in
this paper can therefore be expressed as

structure preservation
versus structure reconstruction

Prisms, mirrors, and Fabry—Pérot
interferometers are treated as structure-
preserving optical systems. A diffraction
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grating is treated as a structure-reconstructing
system.

This distinction leads to a direct prediction:

}\preserved * }\reconstructed
when relative motion exists.
For
v=0
the difference disappears,
)‘new = }l

and the two classes of optical system become
experimentally indistinguishable with respect
to this effect.

The analysis also emphasizes that the same
physical event may be described from
different reference systems. These
descriptions may assign different crossing
frequencies and coordinate velocities to the
same electromagnetic process. The present
work therefore separates the physical
interaction itself from its observer-dependent
description, leaving the transformation
between reference-system descriptions to the
established relativistic formalism.

The principal open theoretical problem is the
detailed electromagnetic evolution inside the
reconstruction region behind a diffraction
grating. Maxwell's equations determine the
local field evolution, but a complete
guantitative description of how the disrupted
near field reorganizes into a new stable
propagating structure remains to be
developed.

Despite this open question, the model yields a
clear qualitative and quantitative distinction
between different optical interactions.

The main conclusion of this work is therefore:

not every optical element is required to
preserve the same physical information
carried by an electromagnetic wave



If the proposed distinction between structure
preservation and structure reconstruction is
experimentally confirmed, frequency and
wavelength measurements obtained with
different optical principles cannot
automatically be regarded as equivalent.

The independent experimental measurement
of frequency, wavelength, and propagation
velocity is developed in Part VIII.
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