Fresnel dragging explained by a classical
model of light transmission in optical media

Declan Traill

PACS numbers [78.20.Bh, 42.25.Bs, 42.15.-1, 01.55.+b]

Abstract

The original mathematical treatment used in the analysis of the Fizeau experiment
of 1851, which measured the relative speed of light in a moving medium, 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 water, by a continuous process of 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 Fresnel dragging must
be formulated differently and can then be explained by classical Physics.

I. Introduction

Fresnel’s formula describing the effect on the transmission speed of light
travelling 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 Ref. [1].

Later in 1851, Hippolyte Fizeau conducted an experiment to test this prediction
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 still interpreted as entrained ether.

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

These theories explaining the Fresnel dragging effect make the same assumption
that the light travels at a smooth, continuous rate determined by the refractive 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 molecules 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.

There have been some attempts to explain Fresnel dragging using a classical
physics approach based on frequency change or perturbation (see Refs. [5,6]), 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.

Il. 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 water. It represents two
properties of the water.

1. The number of water molecules encountered per second by light as it travels
through the water.

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

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

c = (1)

For a tube of stationary water, the time taken for light to travel through a tube of
length L is simply:
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For light travelling through moving water, such as in the Fizeau experiment (see
Ref. [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 by the water, 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:
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If the length of the tube is L 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 upstream/downstream
divided by its speed c, .

For light travelling upstream:
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For light travelling downstream:
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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 direction, 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 stationary 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,
represented by the symbol c. Other than the delay whilst light is absorbed by the
water molecules, the number of water molecules the light encounters each second
when travelling through stationary water is determined by this speed. When the water
is moving, the additional rate at which water molecules are moving towards or away



from the light is determined by the water’s speed v. Over the whole travel time
upstream or downstream, the amount of additional water molecules encountered by

the light will be proportional tov multiplied byAt or At . These amounts

expressed as a fraction of the number of water molecules encountered by light
travelling through stationary water each second are:
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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 determine the extra
delay time experienced by the light due to these additional water molecules, Egs. (7)
and (8) must be multiplied by the proportion of time that the light interacts with just
the molecules of water, given by Eq. (4). Thus they become:
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Then, so as to express these times with a denominator of ¢, rather than c, both
the numerator and denominator are divided by n, and using Eq.(1), giving:
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So when these additional delays due to the water’s motion are added to Egs. (5)
and (6), the total travel times are as follows.

For light travelling upstream:
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Simplifying gives:
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Solving for At,, gives:
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Similarly, for light travelling downstream:
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Solving for At gives:
Aty . = Lt (20)



I11. Verification of the new model

In the original analysis and mathematics for the Fizeau experiment [2], where the
assumption is that the light and water velocities can simply be added, the following
upstream and downstream times were calculated:
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Where v' is the water’s speed multiplied by the Fresnel dragging coefficient,
required to explain the result of the experiment:

v'=v(1—i2j (23)
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Substituting Eq. (23) into my derived Egs. (16) and (20) gives Eqgs. (21) and (22),
thus showing that my new model gives the correct result.

I\V. Conclusion

Treating the passage of light through optical media as a process of continual
absorption 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, but travelling at the full speed of light in a vacuum

between them, rather than a smooth continuous flow through the water at a slower
speed.
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