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Abstract 
We were inspired by three great concepts: 1. Pythagorean means, 2. Pierre de Fermat´s principle of the least time, 
3. Michael Faraday´s concept of vibrating rays in longitudinal and transverse directions. We have formulated an 
extended Doppler formula for rectilinear motions in the absolute spacetime where both postulates of the special 
relativity are valid. The second postulate of the special relativity for rectilinear motions was derived as the 
harmonic mean speed based on the Pythagoras-Fermat-Faraday (PF2) model. The null result of the Michelson-
Morley experiment is valid for the arms of that interferometer separated by the angle π/2. However, for the angles 
smaller than π/2 a predicted fringe shift should be observed. For the circular motions the Doppler formula combines 
the longitudinal and transverse speeds in such a way that the frequency of the rotating light beam is diluted by a 
factor [1-(v/c)2]0.5 and the wavelength of that light beam is extended by the same factor. The Doppler formula for 
light beams can be tested for the rotating source and the detector placed close to the rim of that rotating disk in a 
defined position. In order to obtain new experimental data we propose to construct the Michelson-Morley-Harress-
Sagnac interferometer where rotating disks have being attached to both arms of the Michelson interferometer. In 
rotating disks we might prepare light beams with defined independent values of their longitudinal speeds and after 
the mixing of these two light beams on their return path to the detector we might observe predicted fringe shifts. 
In these circular paths the second postulate of the special relativity is not valid. The full composition of Doppler 
formula is given by the interplay of the macro Doppler effect (the relative motion of the source and observer) and 
the micro Doppler effect (the combination of the longitudinal and transverse vibration speeds of that oscillating 
particle – the elasticity of the photon wave). 
Keywords: Pythagorean means, Fermat´s principle of the least time, Faraday´s concept of vibrating rays, extended 
Doppler formula for rectilinear and circular motions, controlled double-jet mixing of light speeds, micro Doppler 
effect, macro Doppler effect 
1. Introduction 
The famous quote of Heraclitus “Nature loves to hide” was described in details by Hadot (2008). Hadot in his 
valuable book gives us many examples how Nature protects Her Secrets. In some cases it desires an enormous 
research of many generations before the right “recipe” unlocking the true reality can be found. Therefore, we 
should steadily experimentally test our models in order to avoid “blind alloys”. In the last century the veil called 
as the elastic spacetime was intensively experimentally studied and almost all researchers concluded that it is the 
final true veil of Nature.  
In our contribution we attempt to find a more general Doppler formula with the aim to penetrate through the veil 
of the elastic spacetime. In our approach we have combined three valuable sources of Old Masters: 1. Pythagorean 
means, 2. Pierre de Fermat´s principle of the least time, 3. Michael Faraday´s concept of vibrating rays. 
Ancient Greeks used Pythagorean means to describe average values of two numbers: the harmonic mean, the 
geometric mean and the arithmetic mean. These Pythagorean means should be used according the context on that 
studied situation. 
Pierre de Fermat introduced his principle of the least time that described many natural processes with light beams. 
We will use this principle for light beams that should travel a longer path with the highest possible speed while 
the shorter paths with the lowest possible speed. Probably, the first attempt to use this Fermat´s principle for the 
description of the Sagnac effect was made by Harzer (1920).  
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Faraday´s lecture “Thoughts on Ray Vibrations” presented in London on 3rd April 1846 influenced many 
researchers and stimulated the formation of valuable models. This concept several time appeared and disappeared 
from the focus of researchers (e.g., for references see Bilbao et al., 2014). All these activities were stopped by the 
second postulate of the special relativity – vibrating rays models based on Galilean speed additions were 
experimentally falsified. 
In our “recipe” we have mixed ingredients of Pythagoras-Fermat-Faraday (PF2) in order to describe a more general 
Doppler formula that might be experimentally tested both in rectilinear and circular motions. Moreover, we have 
described the second postulate of the special relativity as the harmonic mean speed of longitudinal vibrations of 
the oscilating particle for the rectilinear motions. The full composition of Doppler formula is given by the interplay 
of the macro Doppler effect (the relative motion of the source and observer) and the micro Doppler effect (the 
combination of the longitudinal and transverse vibration speeds of that oscillating particle – the elasticity of the 
photon wave). 
2. Structure of the Doppler Formula  
The Doppler effect is the change in frequency and wavelength of a wave for an observer who is moving relative 
to the wave source. Christian Doppler described this phenomenom in Prague on 25th May 1842: 
 

 
(1) 

 
For the source receding from the observer cosθ = 1, for the source approaching cosθ = -1. We will describe this 
part of the Doppler formula as the macro Doppler effect – the relative motion between the source and its observer. 
Albert Einstein in 1905 based on the concept of the elastic spacetime added one very important factor “time dilation” 
to this Doppler formula: 

 

(2) 

This formula describes perfectly the frequency and wavelength of light waves emitting from moving source in 
many situations. However, there are still several redshift anomalies. Moreover, we have to give up the 3D space 
and accept the concept of the elastic spacetime. In our attempt we will assume that this factor describes partly the 
elasticity of the photon wave – the micro Doppler effect. 
Can we find a modification of the Doppler formula in order to explain elasticity of the light waves in the 3D space? 
Michael Faraday proposed in his lecture “Thoughts on Ray Vibrations” that light could not be the result of aether 
vibrations but vibrations of the physical lines of force in the longitudinal and transverse directions. So, we might 
attempt to extend the Doppler formula by the ratio of the longitudinal vibration speed and the transverse vibration 
speed of an oscilating particle: 

 

(3) 

These simultaneous longitudinal and transverse vibrations of particles could be modeled as the combination of 
harmonic oscillation of the Hooke´s spring and the Galilean pendulum. Another analogy for this situation could 
be the motion of locomotive wheels. Locomotive wheels spin at a frequency ν cycles per second and the 
mechanical linkages allow the linear vibration of the steam engine´s pistons at the frequency ν in the rectilinear 
direction. The ratio of the longitudinal and trasverse vibration speeds describes the elasticity of the photon wave – 
the micro Doppler effect. 
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3. Supporting Trigonometric Relations 
For the proposed PF2 model several trigonometric relations were used. These relations are given in the Table 1 
and in Figures 1 and 2. 
 
Table 1. Trigonometric relations for the defined cosε = v/c 

 
 

 
Figure 1. Pythagoras-Fermat-Faraday mean speeds: H – harmonic mean speed, G – geometric mean speed, A – 

arithmetic mean speed if we define cosθ = v/c 
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Figure 2. Some trigonometric functions for longitudinal and transverse speeds if we define cosθ = v/c 

 
4. Pythagoras-Fermat-Faraday (PF2) Mean Speeds for Rectilinear Motions  
We will combine two speeds c1=c/(1+v/c) and c2=c/(1-v/c) according the rules for harmonic, geometric and 
arithmetic mean speeds. The speed c1 should be used for shorter paths, the speed c2 should be used for longer paths 
in order to fulfill the Fermat´s principle of the least time. 
PF2 harmonic mean speed describes longitudinal vibration speed of photons leaving their source – the second 
postulate of the special relativity valid for rectilinear motions: 

 

(4) 

PF2 geometric mean speed describes the transverse vibration speed of photons for the angle θ = 0: 
 

(5) 

PF2 arithmetic mean speed describes the longitudinal vibration speed of photons at the observer for the angle θ = 
0: 
  

 

(6) 

Equation 7 describes the elasticity of the photon wave during the rectilinear motions: the first part represent the 
transverse vibration speed, the second part the longitudinal vibration speed and the third part is the macro Doppler 
effect: 
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This extended Doppler formula for rectilinear motions describes the elasticity of photon waves on the dependence 
of the angle θ between the motion of the source and the observer. For rectilinear motions with the relative angles 
0 < θ < π/2 we should find small differences in the Doppler effect in compare with the prediction of the special 
relativity. 
We can test the predictions of this formula for Michelson-Morley experiment for the interferometer arms separated 
by the angle θ = π/2. In this case there is no relative motion between the source and the detector - there is no 
contribution of the macro Doppler effect. We can observe only the contribution coming from the elasticity of the 
photon wave – the micro Doppler effect.  
The observed fringe shift for this condition should be (arms of the interferometer are separated by the angle θ = 
π/2): 

 

(8) 

We can test the predictions of this formula for Michelson-Morley experiment for the interferometer arms separated 
by the angle θ = π/4. The observed fringe shift for this condition should be: 

 

(9) 

We have obtained the fourth order formula and such small fringe shifts could be measured by the only one existing 
interferometer – the LIGO interferometer. We assume that the first postulate of the special relativity is valid also 
for the absolute spacetime then we expect the fringe shift on the level of v4/c4 ≈ 10-16. We can increase the fringe 
shift by the active length L of the interferometer arms and by the longer wavelength λ of the used laser source. To 
get more experimental data we can vary the angle between those two arms from 0 to π/2. 
5. Pythagoras-Fermat-Faraday (PF2) Mean Speeds for Circular Motions 
The Harress-Sagnac effect can be described both classically and relativistically. On both sides of this discussion 
many valuable papers were published – see the Reference list. 
The behaviour of light beams on the circular path differs from the rectilinear path. We assume that on the circular 
path the photon does not vibrate in the longitudinal direction and we can observe the longitudinal speed according 
the Fermat´s principle of the least time: for the shorter path the slowest possible longitudinal speed and for the 
longer path the highest possible longitudinal speed. The valuable inspiration we have found in the contributions 
of Walther Ritz (1908, 1909), Hans Witte (1914), Paul Harzer (1920), Stefan Marinov (1974) Franco Selleri (1996, 
2004), S.J.G. Gift (2013-2015), and Sergey N. Artekha et al. (2017). 
The longitudinal speed against the direction of rotation of the disk (the shorter path): 
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(10) 

The longitudinal speed in the direction of rotation of the disk (the longer path): 
 

(11) 

The transverse speed against the direction of rotation of the disk: 
 

(12) 

 
The transverse speed in the direction of rotation of the disk: 
 

 
(13) 

In the case of the rotation of that disk photon waves elastically react according the direction of rotation of the disk. 
Micro Doppler effect - oscillating particle travelling in the direction of the rotation of disk could be described as: 

 

(14) 

Micro Doppler effect – oscillating particle travelling against the direction of the rotation of disk could be described 
as: 

 

(15) 

The composition of the longitudinal speed and transverse speed of photons gives for both directions of the disk 
rotation the very well known “time dilation” introduced by Albert Einstein in 1905 based on the elasticity of the 
spacetime. However, in our model the “time dilation” is caused by the combination of the transverse vibration of 
an oscillating particle and its longitudinal speed. If both the source and the detector rotate on the disk we can 
observe the micro Doppler effect only, no macro Doppler effect could be observed. 
If we place the source of the light beam on the rotating disk and the detector outside of that rotating disk in a 
defined position we should observe both the micro Doppler effect and the macro Doppler effect. The valuable 
experiments for a sound source moving in a circle were done by Saba and Rosa (2003) who observed “The Doppler 
effect of a sound source moving in a circle”. Son, Kwon and Choi (2014) found a more general solution of the 
Doppler effect of a sound source moving in a circle with a detector outside of that rotating disk – see Figure 3. 
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Figure 3. Light source moving in circle and an observer at a defined position outside of the rotating disk (based 

on the paper of Son, Kwon and Choi (2014) 
 
In this Figure 3 the light source is moving in a circle with its tangential speed v/c, the observer is at a distance a 
from the centre of that roating disk and in a distance b from the rotating source. R is the radius of that disk and θ 
is the angle describing the relative position of the source to the observer. 
 

 

(16) 

We have now the identical Doppler formula with the Einstein formula. How to distinguish experimentally the 
concept of the elastic spacetime and the concept of the elastic photon wave? 
6. Controlled Double-Jet Mixing of Light Speeds 
Since the publication of experimental data of Franz Harres (1912) and George Sagnac (1913) there is a very active 
discussion between the proponents of the classical physics and the proponents of the relativistic school. 
In order to bring some new experimental data that might falsify one of those concepts we propose to construct the 
Michelson-Morley-Harress-Sagnac (M-M-H-S) interferometer. In this case we propose to attach rotating disks to 
both arms of the Michelson interferometer. We might manipulate independently with the speed of light beams in 
those rotating disks. On the return path to the detector both light beams are mixed and we might obtain a predicted 
fringe shift. The schema of this M-M-H-S interferometer is given by Figure 4. 
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Figure 4. Michelson-Morley-Harress-Sagnac interferometer for the controlled double-jet mixing of light speeds 

 
The predicted fringe shift for light beams travelling through rotating disks with radius R, tangential speed of the 
roating disk 1 with v1, tangential speed of the rotating disk 2 with v2: 

 

(17) 

For the period of the monochromatic light beam used τ = λ/c, the fractional displacement of the fringes, given by 
ΔN = Δt/τ is: 
 

 (18) 

In this experimental arrangement it is possible to change independently both the value of the light speed and the 
direction of rotation of those rotating disks. The resulting mixture of light beams should create the predicted fringe 
shift. In this experimental arrangement we should observe the macro Doppler effect. 
The final answer should be given by Nature as Peter Marquardt in 2013 deciphered the acronym S.A.G.N.A.C.: 
Science Advances Giving Nature All Credit. 
7. Conclusions 
1) The extended Doppler formula was derived as two contributions: the macro Doppler effect (the relative 

motion of the source and the observer) and the micro Doppler effect (the elasticity of the photon wave). 
2) The second postulate of the special relativity was derived as the harmonic mean speed of the longitudinally 

oscillating particle. 
3) For rectilinear motions with the relative angles 0 < θ < π/2 we should find small differences in the Doppler 
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effect in compare with the predictions of the special relativity. 
4) For rectilinear motions the micro Doppler effect was predicted for the Michelson interferometer with two 

arms separated by the angle less than π/2. 
5) For the circular motions of both the light source and the detector on the rotating disk the micro Doppler effect 

was derived – it is identical with the very-well known Voigt´s transformation. 
6) For circular motions of the light source the macro Doppler effect was predicted for the observer located 

outside of the rotating disk in a defined position. 
7) For circular motions the macro Doppler effect was predicted for the case of the Michelson-Morley-Harress-

Sagnac interferometer – Controlled Double-Jet Mixing of Light Speeds.  
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