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Abstract

The original mathematical treatment used in the analysis of the Fizeau ex-
periment of 1851, which measured the relative speed of light in a moving me-
dium, assumes that light travels through the water in a smooth continuous
flow, at a speed less than the speed of light in a vacuum (relative to the water).
Thus, it assumes that the water’s velocity vector can simply be added to that
of the light. However, light is transmitted through optical media, such as wa-
ter, by a continuous process of charge excitation (semi-absorption) and
re-emission by the water molecules; but travels between them at the full speed
of light (in a vacuum). Thus, the mathematics describing the process of Fres-
nel dragging must be formulated differently and can then be explained by
classical physics, allowing the entire process to be fully visualized.
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1. Introduction

Fresnel’s formula describing the effect on the transmission speed of light travel-
ling through a moving optical medium was originally formulated in 1818, and
based on the idea that the ether (which light was presumed to travel through at

the time) was partially dragged along by the moving medium; as discussed in

[1].

Later in 1851, Hippolyte Fizeau conducted an experiment to test this predic-

tion and found it to be true [2]. It was again tested and confirmed by Michelson
and Morley in 1886 [3]; the cause of the effect is still interpreted as entrained
ether.

In 1907 soon after Relativity emerged as a new theory (in 1905), Max Laue ex-
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plained the Fresnel dragging effect in terms of Relativistic addition of velocities
and Einstein soon adopted this approach (see [1]).

These theories explaining the Fresnel dragging effect make the same assump-
tion that the light travels at a smooth, continuous rate determined by the refrac-
tive index of the optical medium through which it is travelling. However, the
transmission of light through an optical medium occurs on the microscopic level
by a process of absorption/emission due to the light’s electromagnetic field,
causing the charges comprising the optical medium to oscillate and introduce a
phase delay in the re-emitted light [4].

If this is taken into account, then the explanation for Fresnel dragging can no
longer assume a smooth, continuous rate of flow of light through the medium,
but would be described by a stop-start process. In such an explanation, the mo-
lecules of the optical medium would slow the light’s progress, while their charges
oscillate, before retransmitting the light after a short time delay. The light would
travel unimpeded (at the full speed of light in a vacuum) between the molecules.

It should be noted here that the optical process at work when the light passes
through the water is really that the propagating light wave is actually the sum of
the original light wave and of the light waves emitted by the charges which have
been set into oscillation by the original light wave. The resulting electromagnetic
wave sum would vary in propagation speed with distance from the oscillating
charges in the water molecules, but from a modeling perspective and from a
Theoretical Physics point of view, this can be simplified into two distinct stages
of propagation: 1) The light travels at the water’s speed v whilst absorbed by the
water as the energy of the oscillating charges. 2) The light moving at full speed of
light ¢ when traveling in the vacuum between water molecules.

There have been some attempts to explain Fresnel dragging using a classical
physics approach based on frequency change or perturbation (see [5] [6] [7]
[8]), but none show exactly how the Fresnel dragging coefficient is derived from
the principles of the model. Very little attention seems to have been given to the
possibility of a classical model for Fresnel Dragging.

Here I present a detailed explanation and mathematical model by which
Fresnel’s dragging coefficient can be derived, and thus the process of Fresnel
dragging is completely explained using classical physics principles alone. There-
fore, there it is possible to visualize exactly what is happening at every step of the
process and there is no need to appeal to a Relativistic approach which tends to
obscure the real reasons for the phenomenon. Also, other works [5] [6] [7] [8]
that claim to explain the effect of Fresnel Dragging based on frequency change
or perturbation lack the clarity that allows the reader to see and actually under-
stand exactly what is happening at the microscopic level to cause the Fresnel
Dragging effect. I think that every aspect of Physics should be able to be visua-
lized and understood in terms of simple Classical Physics principles, as I have
done here. It is only when we can do this that we can truly understand what is
going on and be confident that we are not fooling ourselves with mathematics or

abstract theoretical concepts.
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2. The New Classical Model

The refractive index of water is represented by n. This number is the factor by
which light’s progress is delayed when travelling through stationary water. It
represents two properties of the water.

1) The number of water molecules encountered per second by light as it trav-
els through the water.

2) The amount of time by which light is delayed by the processes of absorp-
tion and re-emission when it encounters water molecules.

Light’s speed when slowed by the refractive index 2 can be defined as:

c,=— (1)

For a tube of stationary water, the time taken for light to travel through a tube
of length Z is simply:
L

At=— (2)
c

For light travelling through moving water, such as in the Fizeau experiment
(see [2]) where light is passing along the length of a tube through which water is
flowing rapidly, the calculation is more complex.

While the energy of the light is absorbed by a water molecule, and until it is
re-emitted as light again, it will be carried downstream (or upstream) by the wa-
ter, at the water’s speed v. Thus, depending if the light is travelling upstream or
downstream through the flowing water, it will be carried backwards or forwards
along its travel path by the water.

This will have the effect of extending or reducing the optical path length that
the light must travel to reach the other end of the tube in the experiment. The
proportion of the total travel time that the water molecules carry the energy of
the light with them is the difference between the water’s refractive index and that
of a vacuum as a fraction of the water’s refractive index n. Therefore, the fraction
representing this amount is:

n-1 1

L 3)
n n

If the length of the tube is Z and the time taken by light to travel from one end
of the tube to the other is At,, or At then the time taken by the light to
travel up/down the tube will be the total optical path length when travelling up-

down >
stream/downstream divided by its speed C,.

L+ (1— lj VAL,

Aty =——12 (4)
C

For light travelling upstream:

n

For light travelling downstream:

At, = (5)

down
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However, there is an additional effect that occurs simultaneously due to the
flow of the water. As the water is flowing towards the light in the upstream di-
rection, and away from the light in the downstream direction, the number of
molecules of water encountered by the light per second of its travel will either be
higher or lower than the number encountered if light was moving through sta-
tionary water. This will also act to increase or decrease the travel time of the
light.

Light travels between water molecules at the speed of light in a vacuum, rep-
resented by the symbol ¢. Other than the delay whilst light is absorbed by the
water molecules, the number of water molecules the light encounters each sec-
ond when travelling through stationary water is determined by this speed and
the density of the water. If the density of the water molecules is p (in units of
molecules per meter) then an expression for the number of water molecules en-
countered by light each second is ¢p. When the water is moving, the additional
rate at which water molecules are moving towards or away from the light is de-
termined by the water’s speed v. Over the whole travel time upstream or down-
stream, the amount of additional water molecules encountered by the light will
be proportional to v multiplied by At, or Aty,,. Thus, again using the densi-
ty of the water, the number of extra water molecules encountered would be
VAt,p or VAty,,p . These amounts expressed as a fraction of the number of
water molecules encountered by light travelling through stationary water each
second are:

vAt(;jzvn P _ VAEOWn e

However, as it is the water that is moving (towards, or receding from the
light) rather than the light moving that causes this additional effect, there is no
additional space being travelled by the light due to the water’s motion. To de-
termine the extra delay time experienced by the light due to these additional wa-
ter molecules, Equations (6) and (7) must be multiplied by the proportion of
time that the light interacts with just the molecules of water, given by Equation

(3). Thus, they become:

(1— 1j VAL,

L ny - (8)
c

(1— 1ijte,0Wn

Sy (9)
c

Then, so as to express these times with a denominator of ¢, rather than ¢ both
the numerator and denominator are divided by 1z, and using Equation (1), giv-

ing:
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(10)
Cn
1(1— 1)vAtdown
mn (11)
C

n

So, when these additional delays due to the water’s motion are added to Equa-
tions (4) and (5), the total travel times are as follows.

For light travelling upstream:

L+ (1— lijtup + 1(1— 1ijtup
At n n n

o= - (12)
Simplifying gives:
L+ (1+ 1)(1— 1ijtup
At,, = no n (13)
Cn
L+ (l— 12) VAL,
At,, = + (14)
Solving for At,, gives:
L
At,, = — (15)
c,—V (1 - nz)
Similarly, for light travelling downstream:
1 1 1
L- (1 - nj VAt n — o (l - n] VAt
Atyoun = (16)
Cn
Simplifying gives:
(122 ot
n n
Atyoun = (17)
Cn
L- (1 - 12j VAt n
Atdown = r:: ( 18)
Solving for At,, gives:
L
At (19)

down —
1
c, + v(l— nZJ

3. Verification of the New Model

In the original analysis and mathematics for the Fizeau experiment [2], where
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the assumption is that the light and water velocities can simply be added, the

following upstream and downstream times were calculated:

L
by =""3 (20)
c,—V
L
tdown = (21)
C,+V

where V' is the water’s speed multiplied by the Fresnel dragging coefficient,
required to explain the result of the experiment:

v'zv(l—izj (22)

n

Substituting Equation (22) into my derived Equations (15) and (19) gives
Equations (20) and (21), thus showing that my new model gives the correct re-

sult.

4. Conclusion

Treating the passage of light through optical media as a process of continual ab-
sorption and emission allows the phenomenon known as Fresnel dragging to be
explained by Classical Physics. The new mathematical formulation models light
as being delayed by molecules and traveling at their speed for a short time, but
then travelling at the full speed of light in the vacuum between the molecules,
rather than as a smooth continuous flow of light through the water at a slower
speed. This new explanation allows one to be able to fully visualize the processes
at work that lead to the phenomenon of Fresnel Dragging, in a way that previous
explanations have not been able to do. Based on this theory, the process of Fres-
nel Dragging occurring in the Fizeau experiment has been successfully modelled.

The results of this modelling can be seen in short video clips available here [9].
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