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Abstract

This paper formulates the light timing calculations for each interferometer arm; one that is
parallel to the direction motion of the interferometer through space and the other that is
perpendicular. The calculations are done for a vacuum-mode interferometer and then for a gas-
mode interferometer. The calculations show that no light timing difference is detectable in a
vacuum-mode interferometer, but once an optical medium is present in the light path down the
arms of the interferometer, this is no longer the case and a timing difference is detectable. Further
to this the timing equations obtained from the analysis are used to model the historical
experiments of Michelson-Morley and Miller (Mt Wilson) and predictions are made by the model
that accurately match the actual recorded results from those experiments. Thus, this timing
analysis confirms that there is a light speed anisotropy in a reference frame that is moving through
space, indicating the presence of a preferred Aether reference frame through which the Earth is
moving.
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The Luminiferous Aether theory of the 19t Century was widely considered disproven by the apparently
Null result of the Michelson-Morley result whose aim was to reveal the Earth’s motion through the
Aether. Whilst the results of the experiment were not completely Null, there was a much smaller fringe
shift in their interferometer than had been expected, so the conclusion was drawn that if there was an
Aether, Earth’s motion through it was negligible.

In 1887, Michelson and Morley [1] described that “It appears, from all that precedes, reasonably
certain that if there be any relative motion between the earth and the luminiferous ether, it must be
small; quite small enough entirely to refute Fresnel's explanation of aberration. Stokes has given a
theory of aberration which assumes the ether at the earth's surface to be at rest with regard to the
latter,” The conclusion was “the ether is at rest with regard to the earth's surface.”

Further tests were done by several people, including Miller [2] who conducted his experiment at the
top of Mt Wilson in an attempt to remove the interferometer from any entrained Aether effect
associated with being close to the Earth’s surface. He obtained similar results, although in his case the
result was more conclusively not Null, but still small.

Miller’s conclusion, after conducting about 5000 single measures of the Aether drift over a period of
four years was that [3] “there is a positive displacement of the interference fringes, such as would be
produced by a relative motion of the earth and the ether at this Observatory”. So, clearly Miller was of
the opinion that the Earth is in motion relative to the Aether and my experimental work and



mathematical Physics modelling agrees with this assessment, yet he went on to say that “...of
approximately ten kilometres per second, being about one-third of the orbital velocity of the earth.”

| disagree with this part of the assessment as this conclusion has been drawn based on incorrect
mathematical modelling of the situation of the interferometer experiment. In this paper | demonstrate
and explain the correct mathematical modelling for this type of experiment and show that this
modelling predicts the same magnitude of interference fringe shift as was measured and recorded by
both Michelson-Morley and Miller in their respective experimental results.

Subsequent to these experiments, Lorentz proposed the Lorentz-Fitzgerald Length Contraction effect
(a part of the Lorentz transformations, which became a key part of Einstein’s Relativity theory) which
indicated that the length of any object in motion would be contracted due to that motion. It just so
happens that (in a vacuum at least) the amount of the length contraction exactly compensates for any
timing difference down the orthogonal arms of an interferometer due to the anisotropy in the speed of
light that might exist in a moving reference frame, thus making detection of the anisotropy (and thus the
motion through the Aether) impossible [4]. Therefore, it seemed impossible to detect any light speed
anisotropy and speed through the Aether by using an interferometer.

However, if an optical medium is introduced into the interferometer light paths along its arms (such as
the air medium used in the Michelson-Morley and Miller experiments) the calculation becomes more
complex, as the air slightly slows the speed of light along its travel path. The effect of the air is not simply
that light can be treated at now traveling at ¢/n (where n is the refractive index of the air) though, as the
Fresnel Dragging effect (tested in the Fizeau experiment) proved. The actual effect of the air is to cause
the light to be momentarily delayed by each air molecule it encounters, but it still travels at the full speed
of light in the vacuum between air molecules. See this paper [5] for a full analysis of how this effect occurs
and results in the Fresnel Dragging equation.

To this day there has not been a satisfactory explanation for the Michelson-Morley or Miller
experimental results (or any other gas-mode interferometer experiment for that matter) and many simply
dismiss their results as experimental error. This paper demonstrates how the interferometer light timings
should be calculated to correctly account for the delaying effect of the air molecules. In doing so, it can
accurately model the observed results of both the Michelson-Morley and Miller experiments. There also
exists other corroborating evidence of the Earth’s motion through the Aether, such as the NASA
spacecraft Earth fly-by Doppler measurements and other experiments using coaxial cables to reveal the
light speed anisotropy that exists in the Earth’s reference frame [6,7]. The accurate NASA measurements
indicate a speed of the Earth through the Aether of ~486km/s, so using this Aether wind speed in the
model for the Michelson-Morley and Miller experiments | am able to obtain predicted interference fringe
shifts for these two experiments of 0.017 and 0.086. These values are in excellent agreement with the
recorded measurements from these two experiments [8].



The Vacuum-Mode Interferometer

The perpendicular arm timing calculation
Consider this interferometer setup:

A pulse of laser light (depicted as the dashed arrow) is sent across the reference frame (from a source
connected to the reference frame) perpendicular to the direction of motion through the Aether field. In
the stationary frame, the path length taken by the light is L as expected (Figure 1); but in the moving
frame the path taken is longer ( L;) due to the constant flow of the Aether field through the frame, and
the fact that the light moves with a certain velocity with respect to the field, rather than the moving
reference frame (Figure 2).

A moving laser will emit a beam that follows the angled path given by L, - this can be demonstrated
with a Huygens construction of the wavelets comprising the beam as it is being emitted, and follows the
same principle as the operation of a phased-array radar, where the beam direction can be changed by
slightly altering the emission timing of an array of dipole antennas, without physically moving the array.
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Figure 1 Light traversing a stationary Figure 2 Light traversing a reference frame
reference frame, vertically. vertically, that is moving from right to left at
speed V.
Light always travels at speed c relative to space (the Aether field), thus:
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Using (1) and (3) we have
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L, =+/(cAt, )? +(vAt) (4)
Using (2) gives:
(cAt) = (cAty)” +(vAtY (5)

Solving for At gives



At=—20 (6)

At 1
The Lorentz factor: Y = T (7)
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Equation (7) is the accepted (and verified) equation for calculating the time dilation due to relative
motion.

The parallel arm timing calculation

Now consider the same situation as depicted in the perpendicular arm timing section, but with a light
pulse sent across the reference frame parallel to the direction of motion

Consider the light’s journey both in the direction of travel (Figure 3) and in the opposite direction
(Figure 4) as separate cases, then combine the results to give an overall, round-trip result. The reference
frame travels different distances in each case as At;)At, . This means that the lights actual travel time is
different in each direction, but it can be demonstrated that for a round trip the total time dilation during
the trip is the same as it was in (Figure 2) — where the light travelled perpendicular to the direction of
motion.
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Again, light travels at speed c relative to space (the Aether field), giving:
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Solving for At,,;, and At ouy gives:
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The round-trip time is defined as:




Aty = Aty + Atgown (12)

If At, is the total time taken according to observer A, who is stationary in the Aether field, and At, is

the total time taken according to observer B in the reference frame travelling at speed V through the field.
Observer B will have dilated time, so each observer expects that At )At, .

Ata ey
Vparatiel = 5, by definition (13)
According to observer B (using his clock), the time taken by the light pulse in his reference frame is
simply:
2L
Aty =— (14)
C

For observer A, the calculation for the light pulse’s travel time is a little more complicated, as the
upstream & downstream times must be considered separately, and then summed:

Using equations (10) (11) and (12) gives:

At, = '-(”(‘:’Z)J:\';Z(C_V) - CZZiI:,Z (15)

Then using (13), (14) and (15) he/she is able to calculate 7 . ¢
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This finding appears, on the face of it, to indicate that the time taken for the light pulse travelling in a
direction parallel to the direction of motion would be longer than the time taken for an equivalent light
pulse travelling perpendicular to the direction of motion. In fact, the time dilation in the parallel direction
appears to be the square of the time dilation in the perpendicular direction.

So

This situation was investigated in a famous experiment carried out by Michelson & Morley in 1887 in
their attempts to discover the effects of the Earth’s motion through the Luminiferous Aether [1]. The
expected result of the experiment was that a different travel time would be detected between the parallel
& perpendicular light paths (indicated by a shift in interference fringes when the two beams are
recombined).

However, much to the astonishment of the experimenters and the rest of the scientific community, the
results of the experiment indicated no (or a much smaller than expected) difference in travel times
between the two light paths (within the accuracy of the measurements).

The Lorentz-Fitzgerald contraction was proposed to account for this unexpected result, and this formed
part of the theory of Relativity. Special Relativity indicates that the length of an object moving at speed
contracts to a shorter length as a direct result of the object’s motion. This proposal has since been verified
by experiment. However, at the same time as the problem was solved, the Aether theory was rejected in
favour of Einstein’s Relativity.



Fitzgerald showed that when Special Relativity is taken into consideration for solid objects, the forces
holding that body together adjust is just such a way to cause the body’s length to contract.

The length is shorter by an amount equal to the Lorentz factor.

| — (18)

So, the length of the moving reference frame in the previous calculation is L, rather than L, where:
L, =— (19)

If this new length is then used in the calculation for equation (15), then we have:

L,(c+Vv)+L,(c—V) 2L,
Aty == cz—vg i cz—\k;2 20

Then using (13), (14), (19) and (20) he/she is able to re-calculate Y parallel’

2cL,
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As we saw in equation (17) >\ = 7? o, Y parallel = (22)
c - 4
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Finally, 7 paranes = 7 = — (The Lorentz factor)
Vv
1-| =
C
So,
Aty =22 (23)
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Thus, we can see that the times taken for a light pulse to travel in the perpendicular and parallel
directions in a vacuum-mode interferometer are equal, despite the motion of the experimental apparatus
and the observer through the Aether field. This is the same outcome as predicted by Special Relativity
theory.

There exists an asymmetry in the travel times of the light pulses in the ‘upstream’ and ‘downstream’
directions, but due to the nature of the measurement of time intervals — which requires comparisons
made with reference to a fixed point (a round trip) — the differences sum to give the same time dilation as
one would get for light pulses travelling perpendicular to the direction of motion. Therefore, the different
travel times occurring in the different directions are not detected.



The Gas-Mode Interferometer

Now, consider the following situation, where the same interferometer as was just analysed in
the case of the vacuum-mode interferometer, is now in a gaseous environment where the gas is
stationary relative to the interferometer and has a constant homogenous refractive index of n.

The introduction of an optical medium with refractive index of n into the interferometer arms affects
the parallel arm timing by a simple multiplication of the factor n [9], but for the perpendicular arm
direction this is not the case due to the different Relativistic inertia in the parallel and perpendicular
orientations [10]. The reason why this is an important consideration is that when the light propagates
through a gas, the light is absorbed and re-emitted by the gas molecules. This process takes a small
amount of time and involves the charged particles in the medium’s molecules being induced into
oscillation by the light waves that impact them. Thus, when light is propagating in the parallel direction,
the molecules’ charges oscillate in the perpendicular direction (because the light wave is a transverse
Electromagnetic wave). Similarly, when light is propagating in the perpendicular direction, the molecules’
charges oscillate in the parallel direction. As the interferometer and its gaseous medium are moving
through space at speed v, the inertia of the gas molecules is different in the parallel and perpendicular
direction; they differ by a factor of y2. Thus, when an optical medium (such as air) is introduced into the
interferometer then the parallel and perpendicular light timings are no longer identical. The motion of
the molecules’ charges when they are set into motion is that of simple harmonic motion, and so the
formula for the period of these oscillations (which is proportional to the time that the molecules hold
onto the light’s energy before re-emitting it) is that for a mass on a spring. This is the well-known formula
for the period of a mass oscillating on a spring with simple harmonic motion:

T =21 \/% (24)

The formula for the inertia of a moving mass in the two orthogonal directions (parallel and perpendicular)
are [10]:

Transverse (perpendicular) direction: my =y Xm, (25)

Longitudinal (parallel) direction: m, = y3m, (26)

Thus, we can see that there is a factor of y? difference between these two directions:

mL_ 2

e (27)
As | mentioned earlier, the charges oscillate perpendicular to the direction of motion of the light wave,
so the time that the molecules hold onto the light’s energy before re-emitting it will be a factor of y?
more for light traveling perpendicular that it is for light traveling parallel to the direction of motion of the
interferometer and gaseous medium.

As we can see from putting the factor y2 into Eq (24) (in front of the mass term m), the period of the
charge oscillation in the medium molecules will differ by a factor of y.

Also, as the rate of time for the observer moving with the interferometer will decrease by the factor y
too (Relativistic time dilation), there would be no observed timing difference for light traveling in the
parallel direction to that moving observer, but not so for the light traveling in the perpendicular direction
— its timing will be slower by a factor of y.



The parallel arm timing calculation

For the interferometer arm that is parallel to the direction of motion of the interferometer through space
(the Aether field), the calculation can be done from either the point of view of an observer who is
stationary in the space/Aether field, or from the point of view of an observer who is in the
interferometer’s reference frame (which is moving at speed v through space). If the timing equations used
are correct, then the two different perspectives should give the same timing result (so long as the same
time units — contracted or non-contracted time - are used).

From the Aether-centric observer’s point of view, the calculation is done like this:
The time taken for the light signal to cross the distance L in the interferometer arm when it is stationary
in the Aether is:

Ln

4 tstationary = iy (28)

The fraction of the total time that the light is delayed by the air molecules (whilst absorbed and before
being re-emitted) is:

. . n-1
TimeFractiongprecules = -

(29)

The amount of time that the air molecules delay the light (also from an Aether-centric point of view, hence
the y factor for the Time-Dilation in the moving frame when viewed from the Aether-centric frame) is:

Atyotecutes = ¥ - TimeFractiongeecuies * Atstationary (30)

Substituting (28) and (29) into (30):

ILn n-1
Atmotecutes = V° <
_ YL(n-1)
Atmolecules - (31)

c

As the air molecules are moving through the Aether whilst the light is absorbed by them, they are either
increasing of reducing the optical path length that the light must travel through the Aether during its
journey up/down the interferometer arm. So, the up/down optical path length equations become:

Axup = L/]/ + vAtup — VAtmolecules (32) AXgown = L/]/ — VAtgown + VAtmolecules (33)

The up/down path timing equations are calculated from the sum of the optical propagation time down
these path lengths, plus the time that the light is absorbed by the air molecules:

Ax Ax,
Atup = Cup + Atmolecules (34) Atdown = % + Atmolecules (35)

Substituting Eqn (32) into (34) and Eqn (33) into (35):

_ L/y+1.7Afu_p—VAtmolecules
Aty =

+ Atmolecules (36)

c

L/, —vat +vAt
_ly down molecules
Atgown = + Atiotecutes (37)

c

Then, substituting (31) into (36) and (37)

L/ +vAt,,—2YE0=D _
Aty = v e (38)
Ly —vAt +vyL(n—1) —
Atdown = /y down £ + YL(n 1) (39)

C c



Solving (38) for At,,,, and (39) for Atyouwn :

_ L(c2—vy?n+vy?+yZen-yic)

Aty, = o (40)
_ L(c2+vy?n-vy?+y?en-yic)

Atdown - }/C(C+U) (41)
Then, as in (12), the full travel time is:

Atb = Atup + Atdown (42)
In its full form, this equation is:

Aty = L(c?2-vy?*n+vy2+yZen-y2c) N L(c?+vyin-vy2+y%en-y2c) (43)

yc(c—v) yc(c+v)

Expanding and simplifying gives:

4ty = @ (44)

So, we can see that Eqn (44) is just Eqn (23) multiplied by n

The perpendicular arm timing calculation

This is the key part of the calculation that differs from the vacuum-mode interferometer, which allows
the light speed anisotropy that exists in the moving interferometer’s reference frame to be detected:

This is the timing calculation for the light beam that travels perpendicular to the direction of motion
through the Aether, and represents the path depicted by the usual light-clock example used to explain
Time Dilation in Special Relativity (as shown in diagram (Figure 2) earlier), except that due to the gas
molecules briefly holding onto the light’s energy as their charges oscillate when they absorb and then re-
emit the light, the actual path is stepwise in a saw-tooth pattern.

Figure 5 shows the perpendicular light beam as it travels the distance L across a reference frame,
through an optical medium with refractive index n in a stationary reference frame. Figure 6 shows the
perpendicular light beam traveling across the same reference frame, but this time the reference frame is
in motion. It is moving from right to left at speed V.

As discussed earlier, there is an additional y factor due to the increased inertia of the medium’s molecules
that oscillate in the parallel direction when the light propagates in the perpendicular direction. This factor
must be included in the calculations for the time that the molecules hold onto the light’s energy before
re-emitting it.

The diagonal distance L, can be calculated by subtracting the horizontal distance travelled by the gas
molecules during the time that the light is absorbed by them.
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C
h =7 (45)
FractionOfTimelLightlsHeldByMoleculesStationary = (n-1) (46)
TimeLightlsHeldByMolecules =
¥? - FractionOfTimeLightlsHeldByMoleculesStationary - CL (47)
L
t0 = o (48)
L1 = \/I? + (v dtDiagonal — v - TimeLightlsHeldByMolecules)? = yL (49)
dtDiagonal = TimeLightlsHeldByMolecules + % (50)
Substituting (46), (47) and (49) into (50) gives:
2(p—
dtDiagonal = Y (n-t)L + 2 (51)

c

t0 is the time it takes light to cross the distance (through the air) in the interferometer arm when it is at
rest.

C,, is the reduced speed of light due to the higher refractive index of the air (c/n)

L1 is the actual distance (through the Aether) that the light travels as it goes from one end of the
(perpendicular) interferometer arm to the other (when the interferometer is moving from the right to the
left through the Aether).

dtDiagonal is the time it takes the light to travel (at speed c) the distance L1 meters plus the time that the
light is held by the molecules.

TimelLightlsHeldByMolecules is the period of time that the light is absorbed (and carried by) the optical
medium molecules. During this time, it is not propagating through space at c. There is a factor of y2 here




as one of the y’s id due to the time dilation of the moving frame’s molecules, the other y is due to the
longer oscillation period of the medium’s molecules when they oscillate in the parallel direction rather
than the perpendicular direction.

If this timing equation for the perpendicular interferometer arm is then used in conjunction with the
equation for the perpendicular arm (shown earlier) to model the experimental conditions of the
Michelson-Morley and Miller (Mt Wilson) experiments, then we see that the predicted fringe shifts of the
light in these interferometers is almost exactly the same as what was actually measured and recorded.
See the Appendix of this paper for the mathematical model for these experiments and for a vacuum-
mode setup using these same equations, which should (and does) yield a fringe shift expectation of zero.

Conclusion

In the quest to detect light speed anisotropy using interferometers it has been shown that a vacuum-
mode interferometer in incapable of revealing if there is a light speed anisotropy in the reference frame
of the interferometer. This is due to a cancelling of the timing differences caused by two different effects
that occur simultaneously when the interferometer’s reference frame is in motion through space (the
Aether field). These two effects are (1) the changed optical path length and (2) the contracted length of
the interferometer in the direction of motion.

However, despite this, when an optical medium (such as a gas) is introduced into the optical path in the
interferometer, the calculations of the light path timing are altered such that they do not quite have the
same values in the parallel and perpendicular interferometer arm directions. This makes detecting the
light speed anisotropy that exists in the moving interferometer’s reference frame possible, although the
timing difference is quite small. The resulting calculations, when applied to the experimental conditions
used in the historical Michelson-Morley and Miller Mt Wilson experiments, reveal a predicted
interference fringe shift in the interferometers that matches the actual, recorded experimental
observations from these two experiments remarkably well.

So, despite the original conclusion that there is no Aether, drawn from these much-smaller-than-
expected experimental results, this modelling reveals that the observed fringe shifts are exactly as would
be expected from a light speed anisotropy in the interferometer’s reference frame caused by the
existence of a preferred Aether reference frame. These modelled predictions are also in accord with the
accurate Doppler shift anomalies of spacecraft Earth fly-bys measured by NASA [11] and interpreted as a
light speed anisotropy in the Earth’s reference frame by Cahill [6]. He performed a detailed analysis of the
various spacecraft Doppler anomalies and calculated a best-fit Aether wind speed for the Earth’s
reference frame of ~486km/s.

Appendix

The following pages show the mathematical model and resulting fringe shift prediction graphs
(using the above gas-mode interferometer calculations) for the Michelson-Morley (Figure 7) and
Miller (Figure 8) experiments, followed by the vacuum-mode case (Figure 9) where the refractive
index is exactly 1. Each has a graph depicting the expected fringe shift at different Aether wind
speeds (in 100’s of km/s). A Blue point is marked showing where the 486km/s point is on the
graph. This is the point representing the NASA Doppler shift measurements as interpreted by
Cahill [6] as an Aether wind speed of ~486km/s.



A. The Michelson-Morley Experiment Modelled
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Figure 7 This graph shows the expected fringe shift in the interferometer
on the Y-axis for a speed through the Aether (space) field of the magnitude
shown on the X-axis (in km/sec) for the experimental setup used in the
Michelson-Morley experiment of 1887.



B. The Miller Mt Wilson Experiment Modelled
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Figure 8 This graph shows the expected fringe shift in the interferometer
on the Y-axis for a speed through the Aether (space) field of the magnitude
shown on the X-axis (in km/sec) for the experimental setup used in the
Miller Mt Wilson experiment in 1933.



C. The Vacuum-mode interferometer Experiment Modelled
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Figure 9 This graph shows the expected fringe shift in the interferometer
on the Y-axis for a speed through the Aether (space) field of the magnitude
shown on the X-axis (in km/sec) for a vacuum mode interferometer. Note
that there is no fringe shift expected for a vacuum mode interferometer.

Note: Due to calculation inaccuracy the calculated fringe shift is not exactly zero here, but the calculated
number gets smaller according to the number of digits of precision used. Here | have used 200 digits and
the calculated fringe shift is in the order of 10E-193. If the number of digits of precision is increased, this
calculated fringe shift asymptotes to zero as expected.
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