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Sagnac Effect and Special Relativity 

A Thought Experiment 

 

Abstract 

It is commonly claimed that the Sagnac effect does not contradict Special Relativity, 

because it is manifest in non-inertial radial motion and should be treated in the framework 

of General relativity. This claim is adhered to in justifying the implementation of both the 

Sagnac effect, and the Special Relativity time dilation in the GPS clocks synchronization. 

The present paper describes a thought experiment, called the absent-minded assistant, 

which proves that as far as the velocity, kinetic energy, time and distance of travel, are 

concerned, a uniform radial motion with fixed radios R, and radial velocity ω = 
 

  
 , is 

equivalent to a uniform linear motion with velocity v. With this proven on base of pure 

logic, the conclusions to be drawn are: (a) that the equivalence between of the linear and 

the radial Sagnac effects, previously detected experimentally, is also proven theoretically, 

and (b) That the second axiom of Special Relativity, positing that the speed of light is the 

same for all uniformly moving frames along a straight path, is incorrect. 

 

I. Introduction 

Sagnac effect, called after its discoverer in 1913 [1], has been replicated in many 

experiments (for reviews see [2-5]. It is well known that the Sagnac effect has crucial 

applications in navigation [2, 3, 6], and in fiber optic gyroscopes (FOGs) [7-11]. In The 

Sagnac effect, two light beams, sent clockwise and counterclockwise around a closed path 

on a rotating disk, take different time intervals to travel the path. For a circular path of 

radius R, the difference can also be represented as ∆t =  
     

  
 , where v = ω R is the speed 

of the circular motion and l=2πR is the circumference of the circle. Today, FOGs have 

become highly sensitive detectors measuring rotational motion in navigation [2, 6, 10, 

11]. In the GPS system, the speed of light relative to a rotating frame is corrected by ± ω 

r, where ω is the radial velocity of the rotating frame and r is the rotation radios. A 

plus/minus signs is used depending on whether the rotating frame is approaching the light 

source, or departing from it, respectively. 



3 
 

It is widely claimed that the Sagnac effect does not contradict Special Relativity, since it 

applies only to radial motion, which is considered as to be non-inertial [12-14], and 

should be treated in the framework of General Relativity [15]. This position has justified 

the implementation in the GPS of both the Sagnac effect and the time dilation effect 

predicted by SR (In addition to GR and other corrections).     

Interestingly, the findings of well-designed experiments (16-18, see also 19, 20] show, 

unambiguously, that an identical Sagnac effect occurs in linear uniform motion. This 

finding, in itself, should have raised serious questions regarding the above claim. More 

importantly, it should have raised serious questions about the validity of SR. If the Sagnac 

effect can be produced in linear uniform motion, then the claim, that it is characteristic of 

radial motion, is simply incorrect. But since the rules of Special Relativity apply to linear 

uniform motion, then the only conclusion, given that the experimental results are valid 

and reliable, is that Special Relativity is incorrect [19, 20]. 

Strikingly, the unrefuted detection of a linear Sagnac effect, and its diametrical 

contradiction with Special Relativity, has hardly been debated. In the present paper, I 

reconsider the issue from a theoretical point of view. I shall describe a thought 

experiment, called the tail of the absent-minded assistant, which demonstrated that as far 

as time (t), velocity (v), distance (d) and Kinetic energy (E) are concerned, a given mass 

moving in radial motion with a fixed radios (R) and radial velocity ω = 
 

  
 , is completely 

equivalent to a uniform linear motion is with velocity v. Following this argument - to be 

proven hereafter - two lemmas arise: 1. that the equivalence between of the linear and the 

radial Sagnac effects is also proven theoretically. 2. That the second axiom of Special 

Relativity, positing that the speed of light is the same for all uniformly moving frames 

along a straight path, is incorrect. 

 

II. The Absent-Minded Assistant: A thought experiment 

Imagine a physics professor - call her Eve - who wants to deliver a class about classical 

mechanics. Suppose that he wants to show, using laboratory data, that the following rules 

hold at low velocities: (a) the distance d traveled in time t by a body moving with constant 

velocity v equals d = v t (b) that the Kinetic Energy E of a mass m equals: E = 
 

 
        

Assume that the professors has a lab with two adjacent rooms: A and B, where A is 

equipped for testing the dynamics of moving bodies in linear motion, and B is equipped 



4 
 

for testing the dynamics of bodies in radial motion. Suppose the professor is assisted by a 

young bright, but absent minded assistant, call him Adam. Suppose that the professor Eve 

want to give a class on linear dynamics and that she asks Adam by mail to collect data for 

next week class. Professor Eve's aim is to show that the experimental graphs, and match 

well with the corresponding classical equations. In her email to her assistant, Professor 

Eve wrote: "Dear Adam, please conduct the following experiment and send me the results 

in a table and figures. Go to lab, room A and conduct the following experiment: Put a 

mass of m (e.g., 50 gr) in a uniform motion for a duration of t seconds (e.g., 10 seconds); 

change the rate of the uniform motion and measure the velocity v, the distance travelled 

by the mass in t seconds (d) mass, and the mass kinetic energy at the end of its travel path. 

I need the results for my coming class. Thanks in advance, Eve". Now suppose that the 

absent minded assistance conducts the experiment in room B instead in room A and that 

upon conclusion of the experiment he returns all the equipment to its original places and 

positions.  

The question of concern here is the following: would the professor succeed in convincing 

her students that the equations of linear motion succeed in describing his data? Or, 

alternatively, she would be embarrassed, and perhaps realize that something went wrong 

at the lab. Might she suspect that he absentminded assistant might have conducted the 

requested experiment in room B, on radial motion, instead of conducting it in room A, on 

linear motion?  

The answer is obvious: She will deliver a successful demonstration of the laws above and 

will have no reason whatsoever, for suspecting any misconduct by her assistant. Put more 

formally, the above thought experiment, based on pure reason,  proves that as far as the 

measurements of v, t, d, and E are concerned, a uniform radial motion with radial velocity 

ω = 
 

 
 (where r is a fixed radios) is completely isomorphic to a linear uniform motion with 

linear velocity v. Since the latter is in an inertial motion, so is the former. 

III. Conclusions  

From the aforementioned, is it follows that: (a) the detected identity between of the linear 

Sagnac effect and the radial Sagnac effect is also proven theoretically, and (b) That the 

second axiom of Special Relativity, positing that the speed of light is the same for all 

frames moving with constant linear velocity is incorrect. 
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