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Abstract 

It is believed that the Sagnac effect does not contradict Special Relativity theory because it is 

manifest in non-inertial rotational motion; therefore, it should be treated in the framework of 

General Relativity theory. However, several well-designed studies have convincingly shown that a 

Sagnac Effect identical to the one manifest in rotational uniform motion is also manifest in 

transverse uniform motion. This result should have been sufficient to falsify Special Relativity 

theory. In the present article, we offer theoretical support to the experimental results by elucidating 

the notion that the dynamics of transverse and rotational types of motion are completely equivalent. 

Since the transverse Sagnac effect contradicts Special Relativity theory, it follows that the rotational 

Sagnac effect contradicts Special Relativity theory as well. In addition, we show that our recently 

proposed Information Relativity theory, in which we abandoned the constancy of the velocity of 

light axiom, theoretically accounts for the Sagnac effect.  
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I. Introduction 

The 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 =  
2 𝑣 𝑙𝑐2  

, 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 for 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 sign 
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is used depending on whether the rotating frame is approaching the light source or departing from 

it, respectively. 

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

in rotational motion, which is considered an accelerated motion (c.f., [12-14]); thus, the effect should 

be treated in the framework of General Relativity (c.f., [15-16]). Despite the abovementioned claim, 

a correction for Special Relativity's time dilation is still implemented in GPS system (alongside with 

a rotational Sagnac correction)! 

More importantly, the findings of well-designed experiments ([17-19], see also [20-21]) contradict 

the aforementioned claim by demonstrating, unambiguously, that the effect manifest in rotational 

motion, which is identical to Sagnac effect, is also manifest in transverse uniform motion. The 

manifestation of a Sagnac effect in the latter type of motion should have raised very serious doubts 

about the validity of Special Relativity's second axiom. However, given its central place in all 

physics, the aforementioned axiom continues to be an "untouchable" exception that defies 

falsification.   

II. On the equivalence between transverse and rotational dynamics  

In this article, we give further support to the experimental refutation of Special Relativity by 

restating that the theoretical descriptions of the dynamics of transverse and rotational systems are 

identical, implying that the two types of motion are completely equivalent. In systems sciences (c.f., 

[22-23]), the equivalence of two dynamical systems implies that their mathematical descriptions 

must be indistinguishable. On the one hand, the dynamics of a transversely moving body is 

completely described by the variables t (time), x (distance), v (transverse velocity), m (mass), F 

(Force), and their interdependencies, as formulated by the laws of transverse motion (see left-side 

column in Table 1). On the other hand, the dynamics of a rotating body is completely described by 

the variables t (time), θ (angular position), w (angular velocity), I (radial inertia), τ (torque), and 

their interdependencies, as formulated by the laws of rotational motion (see middle column in Table 

1). A short inspection of the table reveals that the two sets of equations are equivalent. A general 

representation of the two systems is depicted in the right-side column of Table 1. Confronted with 

the set of equations appearing in the right-side column of the table, we will have no way of knowing 

whether the system's parameters {𝑝𝑖}  and their interdependencies represent a system in transverse 

or rotational motion (Q.E.D). 

Note that in the table, we did not specify that the parameter 𝑝1 should represent position; that the 

parameter  𝑝2 should represent velocity, and so forth.  This is because any physical, biological, or 

other dynamic system with the same set of parameters {𝑝𝑖} and the same interdependencies 

described in the right-side column of Table 1 is equivalent to the two systems of motion discussed 

here. 

If the reader is convinced that, in general, the transverse and rotational systems are completely 

equivalent, then the equivalence between the special cases of uniform motion with constant 

velocities v and w, respectively, follows as a corollary. It follows immediately that the claim that the 

rotational Sagnac effect does not contradict Special Relativity is a false claim.  
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Table 1 

Dynamical equations of transverse and rotational systems 

 Translational   Radial  General  𝒑𝒊 – system parameter i  

 x - Transverse position 
 θ - Angular position  𝑝1  

 v = 
𝑑𝑥𝑑𝑡  - Transverse velocity  ω= 

𝑑θ𝑑𝑡  - Angular velocity 𝑝2 = 
𝑑𝑝1𝑑𝑡   

a = 
𝑑𝑣𝑑𝑡  - transverse acceleration  α= 

𝑑𝜔𝑑𝑡   - Angular acceleration 𝑝3 = 
𝑑𝑝2𝑑𝑡  

M - Mass  I - Radial inertia 𝑝4 

F= ma - Newton’s second law  τ = I α - Newton’s second law 𝑝5 = 𝑝4 𝑝3 

W=∫ 𝐹𝑑𝑥 – Transverse work  W = ∫ 𝜏  𝑑𝜃 – Angular Work 𝑝6 ∫ 𝑝5𝑑𝑝1 

E= 
12 m𝑣2 - Transverse kinetic energy  E= 

12 I 𝜔2 - Angular kinetic energy 𝑝7 = 
12 𝑝4 𝑝22 

……. ……. ……. 

 

Another, indirect support for our claim that the Sagnac effect contradicts Special Relativity theory 

is the fact that the Sagnac effect can be derived theoretically from our recently proposed Information 

Relativity theory (c.f., [24-25]) in which we abandoned the second axiom of Einstein's Special 

Relativity. For a transversely moving detector with velocity v relative to light source, the theory 

prescribes that the time duration, as measured by the detector, of an event with duration Δ𝑡′ taking 

place at the light source, is given by the following Doppler-like formula:  

 Δ𝑡  =  
1  1± 𝑣𝑐     Δ𝑡′                                                                                                                 (1) 

 

Where the "+" sign applies when the detector approaches the light source and the "-" applies when 

it is moving away from the light source. For a path of length 𝑙, we have: Δ𝑡′ = 
𝑙𝑐. Substitution in eq. 

1 yields:  

 Δ𝑡  =  
1  1± 𝑣𝑐      𝑙𝑐 = 

𝑙  𝑐 ± 𝑣                                                                                                          (2) 

 

The difference between the arrival times of two light beams propagating in opposite directions 

along the same path is given by:  

 Δ𝑇 = (
𝑐  𝑐− 𝑣      - c  c+ v     ) 𝑙𝑐 = 

(𝑐+𝑣)−(c− v)  (c− v)(c+ v)      l  = 
2𝑣 𝑙  (c− v)(c+ v)       = 

2𝑣 𝑙  𝑐2− 𝑣2      ≈ 
2𝑣 𝑙𝑐2                 (3) 
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The above result is identical to the formula which describes the rotational and transverse Sagnac 

effect (see [17-18]).   

 

III. Summary and conclusions 

It is commonly accepted that the manifestation of the Sagnac effect in rotational motion does not 

contradict Special relativity, since the latter applies only to transverse uniform motion and not to 

rotational motion, which involves acceleration. The fact that a Sagnac Effect, identical to the one 

manifest in rotational motion, was also detected in transverse uniform motion [17-20] strongly 

refutes Special Relativity Theory. However, given the central role of the theory's second axiom in 

all physics, the above-mentioned results concerning the existence of a Sagnac effect in transverse 

uniform motion has been until now widely neglected. In the present paper, we provided further 

support to the experimental refutation of Special Relativity by showing theoretically that the 

transverse and rotational types of motion are completely equivalent dynamical systems. In 

principle, we elucidated the fact that when the set of equations describing the interdependencies 

between the variables of a rotational (or transverse) dynamic system are written using a set of 

uninformative symbols {𝑝𝑖  }, i = 1,2,…n, then we will have no way of knowing whether the system's 

parameters {𝑝𝑖} and their interdependencies describe a transverse or a rotational motion. 

Accordingly, it follows that both the rotational and transverse types of Sagnac effects contradict 

Special Relativity. If we accept the principle that theories are falsified by contradictory empirical 

evidence [26-27], then Special Relativity's second axiom must be abandoned, no matter how 

dramatic the consequences might be.     

     

References 

[1] Sagnac, M. G. C. R. Acad. Sci. 157, 708–710, 1913. 

[2] Ashby, N. Relativity in Rotating Frames, Springer, 2004. 

[3] Post, E. J. Rev. Modern Phys. 39, 475–493 (1967). 

[4] Anderson, R., Bilger, H. R., Stedman, G. E. "Sagnac" effect: A century of Earth-rotated 

interferometers. American Journal of Physics, 62, 11, 975-985, 1994. 

[5] Malykin, G. B. Earlier studies of the Sagnac effect. Phys.-Usp., 40 317, 1997. 

[6] Ashby, N. Relativity and the Global Positioning System. Physics Today, 41-47, May, 2002. 

[7] Chow, W.W. et al. The ring laser gyro. Reviews of Modern Physics, 57 (1), 61-104, 1985. 

[8] Vali, V., & Shorthill, R. Appl. Opt. 16, 290, 1977. 

[9] Leeb, W., Schiffner, G., & Scheiterer, E. Appl. Opt. 18, 1293, 1979. 

[10] Lefevre, H. The Fiber-Optic Gyroscope. Artech House: Boston, 1993. 

[11] Burns, W. K. Fiber Rotation Sensing, Academic Press, Boston, 1994. 

[12]. Malykin, G. B. The Sagnac effect: correct and incorrect explanations. Phys.-Usp., 43, 1229, 2000. 

[13] Landau, L., Lifshitz, E. The Classical Theory of Fields, 4th. Ed. Pergamon: New York, 1997. 

[14] Logunov, A. A., & Chugreev, Y. V. Special theory of relativity and the Sagnac effect, Sov. Phys. 

Usp., 31 861, 1988. 

[15] Ashtekar, A., & Magnon, A. The Sagnac effect in general relativity. J. Math. Phys., 16, 341, 1975. 

[16] Vigier, J. P. New non-zero photon mass interpretation of the Sagnac effect as direct 

experimental justification of the Langevin paradox. Physics Letters A 234, 75-85, 1997. 

[17] Wang, R, Zheng, Y., Yao, A., & Langley, D. Modified Sagnac experiment for measuring travel-

time difference between counter-propagating light beams in a uniformly moving fiber. Physics 

Letters A, 312 7–10, 2003. 



5 

 

[18] Wang, R., Zheng, Yi, & Yao, A. Generalized Sagnac effect. Phys. Rev. Lett., 93 (14), 143901 (3 

pages), 2004.   

[19] Ghosal, S. K., & Sarker, M. Cosmologically preferred frame, linear Sagnac effect and absolute 

synchrony,’’ Proc. Physical Interpretation of Relativity Theory Meeting (VI) (Supplementary papers), 

Imperial College, London, pp. 52–64, 1998. 

[20] Wang, R. First-order fiber-interferometric experiments for crucial test of light-speed Constancy. 

Galilean Electrodynamics, 16 (2), 23-30, 2005.   

[21] Gezari, D. Y., Experimental basis for special relativity in the photon sector.  arXiv:0912.3818, 

2009. 

[22] Kalman, R. Mathematical description of linear dynamical systems. J.S.I.A.M. Control, 1 (2), 152-

192 (1963). 

[23] Ogata, K. System dynamics, Prentice Hall, 4th. edition (2003). 

[24] Suleiman, R. Information relativity theory solves the twin paradox symmetrically, Physics 

Essays, 29, 304-308 (2016). 

[25] Suleiman, R. Information Relativity: The special and general theory. DOI: 

10.13140/RG.2.2.36312.29442. 

[26] Popper, K. Conjecture and refutation. London: Routledge (1963). 

[27] Sauer, T. Einstein and the early theory of superconductivity. Archive for History of Exact Sciences, 

61, 159–211(2007). 

 

 

 

     


