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Relation between the Sagnac Effect and the Luminiferous Ether. 
 

Tibor Blazsó 

 

Abstract: The paper investigates the relation between two widely disputed topics in Physics: the luminiferous 

ether and the speed of light in rotating frames. The ether (also written sometimes as “aether”) is supposed to be 

an invisible medium which is responsible for the constancy of the light speed. The anisotropy of the light speed 

is an interesting phenomenon, also called as the “Sagnac effect” after its first investigator. The article will not 

represent any definitive opinion on the Sagnac-effect vs ether relationship, but will show a surprising but 

important constraint, namely: if only one single “block-type” ether exists, as many scientists allege, then the 

rotational Sagnac effect can not be detected. Only Classical Physics and simple math will be used, no additional 

assertions will be needed.   
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I. The luminiferous ether 
 The conception about an invisible, space-filling substance can be traced back to the ancient Greeks. 

Later on, with the discovery of the finite light speed, it was usual to identify the ether as a luminiferous (light-

bearing) medium.Albert Einstein was the first in his seminal paper [1] who explicitly denied the existence of 

ether. Or, more precisely, he surmised that the ether is unnecessary to include into his theory concerning light 

speed. Within few decades, Einstein’s view and his Special Relativity became the official “mainstream” 

curriculum in the scientific community.  It is interesting to note, that the Special Relativity does not follow 

automatically from Einstein’s Postulate #2 on the constancy of the light speed. However, in many textbooks, the 

two concepts are used interchangeably. Despite the success of Relativity, a considerable number of scientists 

conserved the belief in ether. There are many modern theories on the luminiferous ether, (maybe too many). 

Some authors tried to reconcile the concept of the ether with the Special Relativity [2, 3], while others see an 

insoluble discrepancy between them (e.g. [4])Einstein himself also modified his strict anti-etherist view by 

introducing a limited coverage “electromagnetic” ether. Some scientists avoid the use of the word “ether”, they 

speak about “preferred frame” instead, but with the same meaning. Most ether theories imagine the ether as a 

single, unitary block. However, in the last decades, some “multi-ether” or “local ether” theories have appeared, 

mainly in order to bring the measurement results closer to the theory [5, 6] These theories bring up some 

unanswered questions. (How to define therange of the local ether etc).  There are many good historical reviews 

on the development of the ether concept, however, few of them are neutral. A good example is the retrospection 

of Ranzan, which reflects a definite etherist view [7]. It is interesting to see, that sometimes the same experiment 

can serve scientists on both side, because they make different explanations and conclusions. A typical example 

is the well-known Michelson-Morley measurement and its followers. [8]A very sensitive field of the debate 

between pro-ether and con-ether scientists is the velocity of the light in rotating frames. This phenomenon was 

first measured by the French physicist Georges Sagnac, very early, in 1913[9] We treat this topics in the next 

section. 

 

II. The Sagnac Effect 
 As mentioned, G. Sagnac measured the light speed in rotating frames already in 1913.The apparatus of 

the Sagnac experiment consisted of a glass plate and three mirrors installed along the periphery of a disc, 

mounted on a platform which was rotated anticlockwise at a definite angular speed.. A beam of light from a 

light source was divided by a half-silvered mirror. The refracted ray traveled anticlockwise, in the direction of 

rotation, and the reflected ray traveled clockwise in the opposite direction of rotation. The returning rays were 

then recombined by the half-silvered mirror and passed into the telescope for recording of the interference 

fringes. Sagnac observed the following effect: as the disk was rotating, the fringes shifted aside in comparison to 

the still-standing state.  We omit here the detailed description of the experiment and the measurement results, 

together with the follow-up experiments, these can be find elsewhere, e.g. in the good Wikipedia article [10], or  

in an easy-to-read paper [11]. However, it should be noted, that in one part of these experiments is made with 

help of a rotating object, while the other part uses the rotation of the Earth.The question arises: why are these 

results so important in the debate on the existence of ether? The answer lies in the fact, as we will see below, 

that in contrast to the Michelson-type interferometers, the rotating disk causes a first order effect in v/c  (object 
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speed in the measurement divided by the light speed). At the first sight, the result in the Sagnac-type may be 

disturbing for the orthodox relativist researchers, because their opponents can say: “During rotation, the mirror-

to-mirror distances do not alter, or, in spirit of the Special Relativity, they suffer equal length contraction in both 

directions. Therefore, the light passes equal circular distances both in the clockwise and in the anti-clockwise 

direction. Then, why is there any fringe shift?”  Therefore, no wonder that most of the textbooks on Relativity 

do not mention the Sagnac experiment or its modern versions. If we look around in the literature, there are 

several explanations. Let us list some of them, without claiming completeness:Explanation No:1. “It is nothing 

strange with the Sagnac effect; it fits well into the Special Relativity.” [12,13,14].  If we take a closer look to 

these works, we see that they use unjustified derivations or modified Postulates, which do not belong to the 

Standard Einsteinian theory.Explanation No 2. “Because  the rim of a rotating disk represents a non-inertial 

reference frame, the General Relativity must be applied” [15]. This reasoning sounds believable, until we do not 

read the experiment of Wang et al [16]. The authors showed that the Sagnac effect occurs in translational 

motions, too. (So called “linear Sagnac”) This result makes any mysterious considerations about “rotational 

frames” superfluous and did not made he life of the orthodox believers easier.General Ether. See Sagnac’s 

original work. [9]Local Ether. [17, 18] According to the authors’ knowledge, this approach can correctly 

describe the results obtained by the Sagnac type measurement. However, this method must be developed to a 

more robust unified theory.  For example, experience indicates that the ECI (Earth Centered Inertial) frame is a 

suitable reference frame for GPS equipments. [19]. However one needs a general method to find the necessary 

conditions for a definite location to be “preferred” or “local ether” frame.In this article we do not want to decide, 

which theory (Special and General Relativity, Galilean Relativity etc) is the best for describing the Sagnac 

effect. We only want to reduce the number of the different variations by exclude some impossible combinations 

with simple mathematics. We will show in the next Section that if the global ether exists, then it is impossible to 

detect the Sagnac effect. 

 

III. Sagnac Effect With „Block” Ether 
 In this section we seemingly accept the ether theory in the original, for centuries believed form: there is 

one single Ether, which rules the speed of light. Because this ether is immovable, it causes anisotropy in every 

frames moving relative to the Ether. Because the Earth is not a privileged planet, moreover, it is rotating; 

consequently we must feel an “ether wind” when measuring light speed. The aim of the Michelson-Morley 

experiment was to detect the presence of the ether wind. We restrict ourselves to rotation type experiments with 

a great number of mirrors. (Investigations show that the Sagnac effect occurs with any number of mirrors.)   

Firstly we demonstrate the effect of the ether wind on the light speed.  See Fig. 1. 

 

 
Fig.1. Effect of the ether wind on the light speed. If we want to send a light signal from A to B, we have to 

compensate the ether effect by directing the light to C. 

 

Suppose we want to send a light signal from location A to B. (Coordinates are (0,0) and (x,y)). Without 

restricting generality, we suppose the ether wind to “blow” vertically with a velocity of w. If we direct the light 

to B, the ether wind “blows” away the light, therefore, we must compensate the effect by sending the light “in 

the eye of the wind”. The detected speed of light is: horizontally c, vertically c±w. The light needs t time to get 

from A to B. 
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           Under these conditions we can write:  

 
22ct x x wt         (1) 

Let us apply the above results to the rim of a rotating disk! At the same time let us use small distances which can 

be approximated with deltas. See Fig. 2. 

 

 
Fig.2. Light propagation on a rotating disk. The angles are measured in the lab frame, not on the rotating disk. 

 

Eq (1) with deltas: 

   
2 2

c t x y w t              (2) 

 This is valid for both directions. As Fig.2 shows, the light advances a small angle on the rim of the disk.  Eq. 2 

can also be written in the following way: 

         
2 2 22 2 2 0t c w t yw x y            

   
    (3) 

Remark. In this calculation we only deal with the additive effect caused by the ether wind, therefore, we neglect 

the normal Sagnac effect. The combined effect can be calculated (in first order) by adding the two effects. 

Now we apply angle variables: 

   
2 2

x y R            (4) 

R= radius of the disk, and   

sin cosy R x R               (5) 

    Eq. (5) is valid for one rotational direction. For the other direction opposite  

                            signs should be used. 

 

   Eq. (3) can be rewritten with these variables: 

       
2 22 2 22 sin 0t c w t Rw R              (6) 

The solution:   

 

2 2 2

1,2 2 2

sin sinw c w
t R

c w

 

  

  


      (7) 

if w=0, then 
R

t
c

    as expected. 

         Now we introduce the following notation: 
w

c
    

Eq. (7) can be written, omitting the negative case: 
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   2 2 2 2 2

2 2

sin 1 1 cos

1 1

R R
t

c c

       

 

       
    

 
   (8) 

  

The fly time for the whole circle can be achieved by integrating Eq. (8) for Δt between 0 and 2π. However, we are 

notinterested in the total time, we only want to calculate the time difference between the clockwise and anticlockwise 

rotation. We make a further simplification: because the Sagnac effect is a first order phenomenon, therefore we want to 

find first order effect in function of w (ether wind) too. So we neglect the second order term. (The term under the square 

root) . The time difference can be calculated by integrating Eq (8) not to 2π, but to 2π-Δα for one direction, and 2π+Δα for 

the other direction: For any expression E(α) is valid: 

       
2 2

2E d E d E d E
       

   
       

    


        (9) 

 Applying the above example for Eq. (8): 

     
2

sin sin sin
R R R

t t
c c c

                    (10) 

Remember, we have omitted the second order expressions.  

Now we have to calculate Δα with the actual parameters.  

2
2

v R R

c c c

  
 




         (11) 

where v is the peripherical speed, ω is the angular speed at the rim of the disk.  As mentioned, we have omitted 

the original Sagnac effect, for simplicity. We could insert it in the expression of Δα. Inserting Δα from Eq. (11) 

into  Eq. (10) we get: 
2

2

4
sinether

R w
t t t

c c

 
 

 
      

 
    (12) 

 Let us compare the above expression with the known time shift of the Sagnac effect.  

    (See e. g. [11] ) 
2

2

4
Sagnac

R
t

c


         (13) 

Eq. (12) can be rewritten with Eq.(13)  

sinether Sagnac

w
t t

c


 
    

 
      (14) 

Eq. (14) is our main result: the ether wind (if exists) causes an additional phase shift to the “etherless” Sagnac 

effect. This effect always smaller then the Sagnac effect (since w<c) but may be considerable if the ether wind is 

comparable with the speed of light. The shift is depends on the detector’s angular position referred to the 

direction of the ether wind. Because the round trip of the light and the disk rotation are not synchronized, this 

angle is varying during one measurement. The varying shift causes “blurring” of the fringes, moreover, at a 

considerable ether wind the fringes may disappear totally.   

 

IV. Conclusion 
 We have calculated the effect of the ether wind in a circular Sagnac interferometer. We found that the 

ether wind causes an additional phase shift, which is less than that of the Sagnac effect, but may blur or smash 

the fringes. Because no such effect has been reported in different measurements, it is highly probable, that the 

ether wind (and consequently the block ether) does not exist at all. However, the so called “local ether” may 

exist, but we are still lacking a uniform theory on multiple “ethers”. 

 

References 
[1]. Einstein, A. Elektrodynamik bewegter Körper (On the Electrodynamics of  Moving Bodies) Annalen der Physik (ser. 4) 17, pp 891-

921  

[2]. Builder, G. Ether and Relativity. Australian Journal of Physics, vol. 11, p. 279 

[3]. Marrett, D. The Continuing Relevance of Lorentz Ether Theory in the Age of  Relativity. Proceedings of the NPAVol 8. College 

Park, MD 2011 

[4]. Baune, S. Theory of Special Relativity vs. Preferred Reference Frame Theory. Apeiron, Vol. 12, No. 4, October 2005 
[5]. Su. C. C. A local-ether model of propagation of electromagnetic wave. Eur. Phys. J. C 21, 701–715 (2001) 

[6]. Ashby, N. The Sagnac Effect in the Global Positioning System. In: Rizzi, G. 

and  Ruggiero, L, R. (Eds) Relativiry in Rotating Frames. Springer e-book 2004 



Relation Between The Sagnac Effect And The Luminiferous Ether. 

DOI: 10.9790/4861-1001021216                                   www.iosrjournals.org                                          16 | Page 

[7]. Michelson, A. A. On the Relative Motion of the Earth and the Luminiferous Ether. 

American Journal of Science, 1887, 34 (203): 333–345.          

[8]. Sagnac, G. Sur la preuve de la réalité de l’éther lumineux par léxpérience de  l’interférographe tournant. (Regarding the Proof for 
the Existence of a Luminiferous  Ether Using a Rotating Inteferometer Experiment) Comptes rendus,  157, pages  

1410–1413. (1913) 

[9]. Wikipedia: The Sagnac effect. https://en.wikipedia.org/wiki/Sagnac_effect 
[10]. Abdullahi, M. D. A Review of Michelson-Morlex, Sagnac and Michelson-Gale-Pearson Experiments. The General Science Journal. 

http://gsjournal.net/  

[11]. Klaubert R. D. New Perspectives on the Relativistically Rotating Disk and Non-time-orthogonal Reference Frames. 
https://arxiv.org/abs/gr-qc/0005121 

[12]. Moon, P. et al. The Sagnac Effect and the Postulates on the Velocity of Light. 

Phys. Essays volume 4, Nr 2, 1991 
[13]. Kessner, K. Spatial geometry of the rotating disk and its non-rotating counterpart. https://arxiv.org/abs/1109.2488v2 

Wang, R. Modified Sagnac experiment for measuring travel-time difference 

[14]. between counter-propagating light beams in a uniformly moving fiber. Physics  Letters A 312 (2003) 7-10 
[15].  Selleri, F. Noninvariant One-Way Speed of Light and Locally Equivalent             

[16]. Reference Frames. Found. Phys. Lett. 10, 73-83 (1997)    

[17]. Field, J. H. The Sagnac Effect and Transformations of  Relative Velocities  
[18]. Between Inertial Frames. Fund. J. Mod. Phys. Vol. 10, Issue 1, 2017, pp 1-30 

[19]. Ashby, N.  Relativity in the Global Positioning System.  Living Rev. Relativity, 6,   (2003), 1 

 

 

 

  

 
 

 
 

Tibor Blazsó "Relation between the Sagnac Effect and the Luminiferous Ether..” 

IOSR Journal of Applied Physics (IOSR-JAP) , vol. 10, no. 1, 2018, pp. 12-16. 

 

 

 

 

 

 

 

 

 


